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PREFACE

Information technology is an everyday means that is found in all walks of life today. This is also true
for almost all areas of agricultural management. The aim of this Journal is to improve scientific
knowledge dissemination and innovation process in the agri-food sector. The Journal of Agricultural
Informatics has been established in 2009 by the HAAI within a project of the Hungarian National
Development Plan Framework. The peer-reviewed journal is operating with international editorial and
advisory board supported by the EFITA (European Federation for Information Technology in
Agriculture Food and the Environment).
Agricultural informatics serves not only the development of the management systems of the industry
but also obtaining and publicising information on production, organisation and the market for the
producer.
Technologies into network based business systems built on co-operation will ensure up-to-date
production and supply in food-industry. The sector-level approach and the traceability of processed
agricultural products both require the application of up-to-date information technology by actors of
domestic and international markets alike.
This journal serves the publication as well as familiarization the results and findings of research,
development and application in the field of agricultural informatics to a wide public. It also wishes to
provide a forum to the results of the doctoral (Ph.D) theses prepared in the field of agricultural
informatics. Opportunities for information technology are forever increasing, they are also becoming
more and more complex and their up-to-date knowledge and utilisation mean a serious competitive
advantage.
These are some of the most important reasons for bringing this journal to life. The journal
“Agricultural Informatics” wishes to enhance knowledge in the field of informatics, to familiarise its
readers with the advantages of using the Internet and also to set up a forum for the introduction of their
application and improvement.
The editorial board of the journal consists of professionals engaged in dealing with informatics in
higher education, economists and staff from agricultural research institutions, who can only hope that
there will be a demand for submitting contributions to this journal and at the same time there will also
be interest shown toward its publications.

Prof. Dr. Miklós Herdon
Chair of the Editorial Board
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ABSTRACT
Factors of food choice have an increasingly important role in the life of consumers.
Information and codes on food packages are the most widespread standard to support the
decision among the many types of food products. There should be mandatory information
on packages that are governed by regulations. However, there can be other labels too that
help consumers in choosing food products that match personal needs and concepts,
including not only nutritional information but ethical factors as well. In our literature
review, we overview the current trend of food labels and the results of research on the
role of food information among consumers. The focus of this study is on smartphone
applications and Augmented Reality (AR) as an advanced technology to display
personalized food information. In this paper, we surveyed and analyzed the attitude of
young food consumers due to their personal needs, the extent of attention to package
information, and the most important factors when purchasing goods. We also surveyed
the interest in smartphone applications that may support the decision. Our results suggest
that there is a willingness to use an interactive application to gain personalized food
information immediately. The majority of respondents would use an application that
provides complex information service. Within the framework of the studied criteria for
implementing a smartphone application using a database behind, we outline a theoretical
infrastructural model too, for collecting and handling the necessary data. Our work has
led us to conclude that there are opportunities of using smartphone applications to access
food information and we suggest some solutions that may increase the Quality of
Experience, such as AR.

1. Introduction
There is a growing demand from consumers for nutritional qualities and detailed information about
food products. Several empirical research studies applying consumer questionnaires showed that most
respondents are willing to read food labels to check whether a product meets certain criteria (Bandara
et al., 2016). However, consumer surveys also showed that food labels do not provide enough
information to make choices and are difficult to understand (Madilo et al., 2020). Thus, food purchases
are typically still influenced by routines and habits that represent a barrier to conscious decision
(Flaherty et al., 2020). Food choice and understanding food labels are influenced by several factors.
Information on package labels, in accordance with European Union regulations, helps customers (e.g.
logos, food components, nutritional values, allergenic substances, etc.), however, it takes time reading
and interpreting them (font size, language, technical knowledge of the consumers, etc.).
We are of the opinion that digitalized display opportunities can greatly assist in satisfying the need
for information. The unique identifier on the packaging of the products (this can be RFID, QR code,
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barcode) can be used to develop an application that is able to provide information in a comfortable and
accessible way (Cornelisse-Vermaat et al., 2008). Coughlin et al. (2016) carried out a literature review
and found that smartphone apps are likely to be a useful and low-cost intervention for improving diet
and nutrition and addressing obesity in the general population.
Regarding the architecture and development such an application that provides connection between
consumers and food information, it has to take into account the many interactions and great amount of
data exchanging through the application.
It is essential to co-construct mobile apps with consumers by understanding the food practices,
identifying relevant sustainability issues in different food practices, and exploring how mobile apps can
be best of use in changing their current food practices towards more sustainable food practices (Mu,
Spaargaren & Lansink, 2019). Furthermore, to improve nutrition-information app effectiveness, it is
suggested that consumer behaviour scientists, marketing researchers, nutritionists, and app developers
cooperate in the app’s design (Samoggia & Riedel, 2019). To set up a database behind the application
is difficult with even an indirect stakeholder (e.g. software developer) since the collection of data about
food products would be huge. However, consumers can help in building database. Information sharing
is a popular strategy when users can obtain the benefits of the service when they contribute to it
(Kuttschreuter & Hilversa 2019). There are consumer-assisted online food databases. Some popular
diet-tracking websites store data on more than 3 million foods collected by consumers, however, the
reliability of the data is questionable, but hopefully by merging the technologies currently used to
develop and maintain online food databases lead to a comprehensive, reliable, and up-to-date database
(Gilhooly et al., 2015). In the paper of Dunford et al. (2014) the FoodSwitch mobile app and its usage
features were presented and through a crowdsourcing function integrated within the app, nutritional
information for more than 30,000 products has been obtained from users.
By analysing current social trends, technological trends, consumer trends, and problems related to
the agri-food sector, the product designers can propose new products that can take advantages of current
technologies (Miranda et al., 2019). Advanced-level technologies such as AR (Augmented Reality) and
VR (Virtual Reality) can have a positive effect on readiness to use through consumer experience
(Crofton et al., 2019). VR has a prominent role among current business opportunities as it could be a
tool to complement consumer experience during shopping (Farah, Ramadan & Harb, 2019). Applying
the AR concept on a mobile platform to push forward an innovative way to present products digitally,
delivering new user experiences to the e-marketing world (Wiwatwattanaa et al., 2013). Recent advances
in AR have attracted much attention in nutrition and healthcare education too (Chanlin & Chan, 2018).
Gilliland et al. (2015) analysed the effectiveness of using a smartphone app (SmartAPPetite) to
promote healthy dietary behaviours and local food consumption and it was found that the app was
effective at creating a sense of improved awareness and consumption of healthy foods, as well as
drawing people to local food vendors with greater frequency. In the study of Megan et al. (2017) an AR
food serving aid (ServAR) was evaluated and the results emphasized the potential this application as a
practical tool to guide the serving of food. An Android-based application (FoodGo) that is able to scan
barcode and use cloud database showed effectiveness in helping consumers make a healthier food choice
(Abao, Vilela-Malabanan & Galido, 2018). Palacios et al. (2018) evaluated the impact of using
MyNutriCart application and concluded that using such tools could reduce costs and resources for
improving household food purchase and dietary quality. An Italian study presented an application that
can read product labels and then evaluate the quality of ingredients and nutrient values based on the
user’s personal data (e.g., age or physical activity level) and suggests healthier food alternatives. The
results suggest that this application has the potential to change existing patterns of behavior and
encourage a more conscious approach to buy food (Samoggia & Riedel, 2020). Zulkifli et al. (2020)
tested an AR application (Nutrilabelapps©) and their findings showed that there are significant
relationships between knowledge, attitude, feasibility and acceptability on AR nutrition menu labelling
application. Since food products come from a wide range of countries and sometimes labels are not
accessible in the necessary language, Jagtap et al. (2021) presented their application (IAR) that can
provide automated translations of the product labels.
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Improvements in mobile app design are required to maximise their potential effectiveness to support
healthier food choice, (Flaherty et al., 2017). There is a significant opportunity for improvement in terms
of personalized nutrition, which could include individualized feedback, diet plans, or nutrition education
(Zenun Franco et al., 2016). Based on widespread literature research, different features used in studies
were collected and classified in the study of Tonkin, Brimblecombe & Wycherely (2017) and the
potential of game elements in nutrition apps is included.
Developing smartphone apps involves expenses, however, according to a study analyzing 500
healthcare applications, most of them (92.8%) were available free of charge (Krishnan & Selvam (2019).
But in the case of free applications, there are also opportunities to make users spending money and this
is the Free-to-Play financial model (Flunger, Mladenow & Strauss, 2017). For instance, the above
mentioned game-style apps with a storyline or character, or quiz-style games for discounts or rewards.
Regarding the development of an application supporting food choice, Hartwell et al. (2019) presented a
four-stage development method (applied by the FoodSMART project) where the first step was the
identification of consumer criteria for information quality and the second step was the development of
a flexible, customizable and accessible interface. Thus we also started our research with a brief consumer
survey that is presented in the first part of our results and then we provide a description about a potential
approach to begin such application development. The aim of our research is to make a preliminary study
on some attitudes about the importance of food information for consumers and to design a concept for
an application that can help in decision making when purchasing goods.

2. Methodology
We performed a bibliometric analysis as this method is suitable to determine the research direction.
We used the international literature database of Web of Science (WoS). We used the most important
keywords that are relevant to the topic. The keywords applied were created as logical sets in order to
establish a relevant data set that includes topics about food, technology (information technology, mobile
application) and related research directions that predefined based on preliminary literature review
(consciousness, health, nutrition, information, label, choice, consumer behavior, decision). Multiple data
cleansing was performed on the data set in order to gain a more precise result, with a reduction of the
data noise (merging keywords, handling synonyms, deleting records from less relevant research fields).
The final result was a network analysis which is based on a common occurrence matrix with the most
relevant keywords (having the most links), highlighting the important research topics. The outcome of
the analysis was the frequency of the keywords and the distance between them. We applied visualization
software to the result using force-directed graph.
Based on the literature review, we investigated that food information, which serves as the most
important factor in the decision of the consumers aged 18-25, furthermore their willingness to use to
smartphone applications supporting food choice. For the selection of the age bracket for our survey we
used previous studies in a similar topic which found that most university students surveyed on healthy
diet are interested in not only calorie counting but the content of nutrients, ingredients and processing
technology (Fernandes et al., 2015). Furthermore, the use of smartphones, as well as the use of
smartphone applications is the highest in this age group (Eurostat, 2020). We examined the age group’s
views on product ingredients and respondent’s interest in services available through mobile apps that
act as a bridge between consumers and product information, supporting healthy and informed food
choices. The analysis of the target group was conducted in the framework of a survey and the focus was
on to find out attitudes about conscious and health-oriented choice of food products and how the user
experience could be increased by a smartphone application. The applied questionnaire was our own
compilation based on the literature review and it was accessible online. There were 22 questions divided
into 4 groups: demographics; nutrient intake; food choice; interest of a smartphone application to help
food choices.
In this study, we evaluated some questions (Table 1) to determine the main decision factors during
purchasing food products.
Table 1. The main characteristics of the respondents
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Research question

Answer options

Do you purchase food products for yourself?

Do you have any special diet requirement?

What is involved in comparing similar products?

What is involved in your 3 most important decision factors when purchasing
food products?

I do my own shopping always
I do my own shopping most of the time
I do shopping very rarely
I eat what my family buy
Food sensitivity
Diet requirements
Diseases
Price
Quality
Brand
Quantity
Food components
Packaging
Price
Quantity
Food components
Allergens
Trademarks/logos

How important to you NOT choosing food products that may contain harmful
ingredient(s) to your health or the environment.

1-not important ----- 4-very important

How often do you overview the food components on the package of the
product?

1-never ----- 4-always

Are you interested in a smartphone application that may support the following
functions?

Compare similar product alternatives
Display certain food components
Display place of origin
Complex version of all the above

Students studying at two faculties of the University of Debrecen took part in the voluntary and
anonymous data collection and in total 376 replies were received using random sampling in the 4th
quarter of 2019. The basic characteristics of the respondents can be seen in Table 2.
Table 2. The main characteristics of the respondents
Population: (number of full-time students)

4 454
at Faculty of Economics and Business: 3 285
at Faculty of Agricultural and Food Sciences and
Environmental Managament: 1 169

Number and rate of respondents:

Average age:

376 (8.4%)

of which male:

44%

of which female:

66%
20 (age bracket: 18-25)

The questionnaire was pre-tested with the participation of 20 students and the final form of the
questions and answer options were prepared based on the suggestions. In the absence of data on gender
and age for the population, the representativeness of the sample for the two faculties cannot be judged
in terms of grouping criteria, and the results cannot be generalized for either the students of the
University of Debrecen or the university students in general.
Descriptive Statistics and Ordinal Logistic Regression (where 4-point Likert scale was available)
were used to analyse our data and the software package used was R statistics and Microsoft Excel.
Ordinal Logistic Regression was used to determine the probability for Likert values. Dependent
variables were indicators assessed on a Likert scale and independent variables were the grouping factors
(purchasers with or without any special diet requirement). The model calculated the significance of
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coefficients and intercepts and since the p-value was <0.05 for all variables, they are statistically
significant at a 95% confidence interval.

3. Results
Our results are presented in three subsections according to our research directions. First, we present
a network map used the analysis of keywords collected based on the literature review; this established
the direction of the research. Then, we present the results of the questionnaire that are relevant to the
present research topic, namely, the importance of some product information and the choice and use of
mobile applications. Finally, we describe a possible system architecture with some technology
suggestions related to implementation.
3.1 Analysis of keywords
The results of the bibliometric analysis were used to define our research area and to determine the
aspects of our questionnaire and to formulate the hypotheses. This method allows us to determine
connected research fields and to quantify these relationships. The result of the analysis is a network map
(Figure 1.), visualized by external software that highlights the most important keywords and connections
and distances among them and their importance (the size of the circles meaning the frequency of the
keywords), furthermore the colors represent different research area clusters.

Figure 1. Network map of keyword analysis – Links from mobile application within the studied topic

The network analysis established our research. The most important related research domains from
the keyword of mobile application are shown in the above figure. In the current paper, we focus on the
research areas in the lower direction from the central keyword (mobile, choice, support, information).
3.2 Analysis of the user questionnaire
Our first analysis was the share of respondents regarding those questions where the food ingredients
aspect was in focus. We analysed those respondents who are frequent purchasers (do their own shopping
always or most of the time); n=226, 60% of total respondents. We also show the share of those
purchasers who checked any special diet requirement; n=84, 37.2% from purchasers. Figure 2 shows
their replies about food ingredients.
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Figure 2. Percentages of replies from questions where the food ingredients aspect was in focus

Based on answer proportions, having a special diet need is an important factor in food choice.
Respondents having any special diet need to be considered important not to choose a product that may
contain ingredients harmful to health or environment, however, the proportion of respondents who check
the food component list always, is lower than expected. To compare product alternatives, respondents
indicated food ingredients as one of the most important factors.
In the following section, we analysed the whole respondent population (n=376) by the need for any
special diet, as regardless they purchase or not. Those ones who have any special requirement for the
food products could be the target group for a possible smartphone application supporting food choice.
Ordinal logistic regression method was applied for the following analysis. The impact of the need for
any special diet for the evaluation of two research questions (as independent variables) was analysed.
Table 3. Result of the ordinal logistic regression
Value
Std. Error

t-value

p-value

How important to you NOT choosing food
products that may contain harmful ingredient(s) to
your health or the environment.

0.678

0.2044

3.318

0.001

How often do you overview the food components
on the package of the product?

0.836

0.2015

4.149

0.000

Based on the results, we determined that special dietary needs have an impact on the evaluation of
the two research questions. For the first question, the increase per unit in special dietary need caused a
0.678-unit increase in log-odds related to the positive evaluation of the research question (p = 0.001).
For the second question, it caused an increase of 0.836-unit in the log-odds (p≤0.001). Recalculating
values, it can be stated that a higher rating of the special diet per unit represents a 1.97-times increase in
the higher category of the opinion expressing the evaluation of the first question, while for the second
question this value is a 2.31-times increase. The values expressed in probability are shown in Figure 3.

doi: 10.17700/jai.2021.12.1.615
Szilvia Botos, Mihály Tóth, Róbert Szilágyi: Improving Food Consciousness - Opportunities of Smartphone Apps to Access
Food Information

6

Journal of Agricultural Informatics (ISSN 2061-862X) 2021 Vol. 12, No. 1:1-12

Figure 3. Probability values for the two research questions

Regarding the application, we examined whether a higher proportion of purchaser respondents are
interested in applications that are suitable for displaying some product information. Figure 4 shows the
result.

Figure 4. Interest in different applications in two groups divided by the frequency of shopping food products

The figure shows that nearly one-third of respondents would be interested in an application, most of
whom chose the complex version. In all cases, customers are more interested in applications that support
the purchase decision. In the next section, we outline a possible architecture of an application that takes
into account, among other things, the following main aspects: code reading, product database,
personalization options, and feedback in the user interface.
3.3 Description of a possible system architecture
In the following, a brief presentation of possible system architecture will be presented taking into
account some alternative solutions. Based on the known factors, the functional architecture should
include three main components which will be described in the order of a typical communication process.
As a first step, the client-side or user application has a predominant task of data input (identifier and
attributes regarding to the product) and output (simple data query as well as the result of any analysis)
using a GUI and imaging unit, however it also stores user-specific data. Based on the presumed user
requirement of the system, platform independent operation is an essential attribute that needs to be
considered. There are two solutions, including the development of a web-based application, or the
development of native applications for each major mobile operating system. The first variant has an
advantage of a shorter and more cost-effective development cycle; however, a web browser does not
have access to the lower-level classes and functions of the operating systems that are able to decode
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barcodes and QR codes natively, thus it is required to transfer the image for further processing at serverside using a CNN (Convolutional Neural Network) approach (Li et al., 2018), ensuring robustness,
considering the different imaging conditions (lighting, exposure, composition). This results in higher
data traffic (due to the image transfer) and additional development requirements at the server-side
application. In the case of native application development, the Apple iOS operating system is able to
use the “VNDetectBarcodesRequest” or “CIQRCodeFeature” class, while in the case of Android based
devices, the “BarcodeScanning” class is intended to use for this purpose, ensuring built-in methods for
decoding. In order to decrease the complexity of the client application as well as to gain additional
advantages, the applications are supposed to be in direct connection with a REST API (application
programming interface) via HTTP protocol. This additional step decreases the required data-traffic,
takes over the computational load from the device at the user side, as well as ensures that the user
application is not in direct connection with the database (increased security). The API also decreases the
development time of the native applications as in this case, only the GUI, a validation and a
communication class need to be developed, but the main logic is implemented in the API. On a
functional level, the API should be able to handle on-demand (request from the user application) and
scheduled tasks. The on-demand tasks include user authentication, input phrasing, analytics, database
management and error handling. The transferred data packet should include three major parts, forming
different hierarchic levels, including the user validation (session ID), the data (in dynamic structure) and
the intended task (the purpose of the data). Due to the fact that the data is in hierarchic format, JSON or
XML provides and an adequate structure, ensuring rapid development due to the available phasers.
Various factors should be considered while developing the API to data in order to strike a balance
between development speed, operating speed, reliability, and scalability. The spectrum begins with a
PHP application (Ben Hassen, Dghais and Hamdi, 2019), followed by the current methods, based on
NodeJS (Cheng et al., 2018) or Django (Scullion, 2018), up to the native and more complex solutions
based on C++ and networking libraries.

Figure 5. Typical application user/server database connection scheme

Source: own edition
Based on this, we can see that most of the logic is determined on this level. The three main goals is
to create a product database (product attributes), to provide the local database (previous consumption)
and in addition to the mentioned data management, the data analysis is a more complex task that needs
to be performed. Based on the concept, the application can provide feedback to the user regarding a
specific product considering how it fits the personal requirements. These requirements can be
determined based on previous consumption (taste and preference) as well as based on predefined rules
(ingredients to be excluded or minimized). In the following, a possible implementation of the latter
option will be described. To achieve this, recommender systems are able to generate recommendations
based on profile, interests, and past preferences (Yusof and Noah, 2017). In the food domain, main
techniques include collaborative filtering, content-based, knowledge-based and hybrid methods (Vairale
and Shukla, 2019). In our case content-based and knowledge-based methods are considered adequate as
the former can filter based on the previous choices, while the latter is able to utilize explicitly defined
requirements (Bianchini et al., 2017) with the combination of case-based and constraint-based
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suggestion (Vairale and Shukla, 2019). Current solutions also suggest to use a hierarchical attention
mechanism (Gao et al., 2020) as well as standard RNN (Recurrent Neural Networks) or CNN
(Convolutional Neural Networks), depending on the specific research (Ouhbi et al., 2018).
The other end of the typical use-case consists of the database and its structure. Based on the initial
concept, the user specific and shared data is stored in a different database. User specific data (historical
food consumption) is stored locally on the device of the user. However, the attributes (identifier, name,
nutritional data etc.) of the specific food.is stored in the remote database which is community-based;
thus, every user is able to contribute new records. In case of the remote database, most of the important
attributes of a product (UUID of the product, manufacturer, name, quantity, time and date of upload,
original uploader) can be stored and normalized in a relational database in a sensible way, however the
nutritional attributes are more diverse, thus it is more efficient to use non-relational approach in order
to store the related data. If we store these attributes in a single variable, it is possible to dynamically add
or leave specific attributes to a product due to the fact that most relational database engines are now
supported document-based attributes (JSON) with CRUD operations (Liu et al., 2020). Most of the
previously mentioned, possible corrections concern these nutritional attributes. If we store these data in
the mentioned non-relational manner, it is possible to store different versions of the whole document
(the original and the possible corrections) in a single record, ensuring easier manageability. In case of a
community-driven database, specific structure and verification are required to ensure reliability. Some
concept uses centralized verification, however in this case, community-based verification seems to be
more reliable. Based on the concept, a new record is rated as neutral, however, if a user modifies an
attribute of an existing record (checks a product label and states that an attribute of that specific product
is incorrect), the reliability score decreases until sufficient correction is performed by multiple users
(decreasing deviation of the values). On the other hand, if a record is used multiple times without any
complaint and correction, the assumed reliability score increases. Of course, the score should be visible
for the user to act accordingly, thus if the reliability is low, it is advised to check the product information
before proceeding.

4. Conclusion
This paper outlines on the one hand the evaluation of some important factors in connection with the
food composition and the extent of the interest in services available on smartphone applications of the
18-25 age group. On the other hand, we present a description of a possible system architecture for an
Augmented Reality application that may be a bridge between consumers and product information
supporting personalized food choices that may be healthier and more conscious this way. These types
of information are already on the packages in form of logos or marks. However, Augmented Reality
(AR) can bring them closer to consumers, drawing attention to important socio-economic aspects.
AR is the melting of reality and cyberspace, that is, the technology adds virtual elements to a realworld environment. This is a real-time visualization technology that allows users to see information
about their environment in an interactive way. In the case of a smartphone application, a possible option
to use is to apply unique IDs of a certain product by scanning that can display information, even on the
base of previously set personal criteria. Barcodes and QR codes are available on packages to scan.
Barcodes with an appropriate dormant database can be used by an application to display product
information during shopping. QR codes are suitable to display extra information. Basically, they are
used to access company web pages and in this case their quality, updating, their design, and their mobileoptimized version are crucial. Furthermore, QR codes can be used, precedents exist, to prevent
counterfeiting in case of unique, craft food products.
Our results based on the survey show that respondents who have any need for a special diet are more
interested in reading product information. In our opinion, simple but complex smartphone applications
may not only motivate them, but further people towards conscious food consumption by increasing userexperience. Approximately one-third of the respondents expressed their interest in using a digital
interface designed to support conscious and healthy food choices. Furthermore, since the majority of the
responding students (60.1%) typically buy food for themselves, their opinion about food choice can be
considered relevant to the development of smartphone applications supporting decision.
doi: 10.17700/jai.2021.12.1.615
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We presented a possible system architecture and implementation of it. The three main goals are to
create a product database (product attributes), to provide a local database (previous consumption) and
in addition to the mentioned data management, the data analysis is a more complex task that need to be
performed. Based on the concept, the application would provide feedback to the user regarding to a
specific product considering how it fits the personal requirements. These requirements can be
determined based on previous consumption (taste and preference) as well as based on predefined rules
(ingredients to be excluded or minimized). Regarding the implementation of such an application, we
presented some important technologies (GUI, CNN, API, JSON, XML) both at user-side and serverside, in connection with the objectives.
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ABSTRACT
Groundnuts (Arachis hypogaea), also known as peanuts are the edible seeds of a legume
plant that grow to maturity in the ground. Diseases and its diagnosis methodology are
the main challenges to groundnut production. Manual means of identifying plant disease
is the most difficult activity with a high rate of mistake and time taking procedures.
Therefore, the main aim of this research was to design an image processing system to
identify groundnut plant disease. In general, the major significance of the study is to
provide effective and simple groundnut plant disease diagnosis system that supports
disease controlling mechanism and experts in the domain area. While the process of
developing the system, researchers used purposive sampling techniques for acquiring
320 sample leaves images from four classes of groundnuts plant. Those are Cercospora
personatum, Cercospora arachidicola, Puccinia arachidis, and healthy leaf from BishanBabile and Gemechu peasant associations in Babile district, and Awdal peasant
association in Gursum districts in East Hararghe zone of Oromiya Regional State. Also,
the researchers conducted a survey study which helps to identify experts view and deep
understanding of the domain area. The design, phase used; adaptive median filtering, Kmeans clustering, SVM and ANN techniques with MATLAB programming tool. In
general, the overall result shows that the developed system achieved a better result with
an accuracy of 90.6%.

1. Introduction
Groundnut is the second most significant oilseed plant in the warm lowland zone of Ethiopia (Kebede
et al., 2017). This plant is cultivated in a different part of the country from those regions East Hararghe
zone of Oromiya Regional State produces a large amount of groundnut in the country (Kudama, 2013).
However, groundnut production in Ethiopia is highly restricted by several biotic and abiotic factors.
Disease is the major tackle in the production of groundnut by affecting both above and underground
parts of the plant (Chala et al., 2014).(Solomon & Amare, 2015) also suggest that Cercospora leafspot
of groundnut caused by Cercospora personatum (late leaf spot) and Cercospora arachidicola (early leaf
spot) diseases are major problems in Eastern Hararege groundnut plant production. Although beside the
disease, visual or manual identification of plant disease relates with inaccuracy, need of experts and time
taking activities (Pendse et al., 2018), which might leads to less and low-quality production. One of the
mechanism to combat this problems are helping farmers in diagnosing plant disease easily and an
accurate disease identification to find the cure for the plant takes the major part (Astonkar & Shandilya,
2017).
Beside the fact adopting new technological aspects in the agriculture sector will improve the gaps shown
in the field and image processing can be one of the technological tools used to provide a consistent,
accurate, and reliable method to estimate disease. Image processing is a set of technologies, which is an
image data analysis and processing algorithms and tools to improve the interpretation of different image
information (Deserno, 2011). Image processing allows the extraction of useful parameters, and increases
the likelihood of detection of small lesions more accurately (Gao, 2013). Image processing uses various
techniques such as image acquisition, preprocessing, segmentation, feature extraction and classification
to improve the quality of images and assists a lot in diagnosing plant disease to a great extent (Medjahed,
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2015). Therefore, in this study the researchers developed an image processing system that helps to
diagnosis the specific diseases (Cercospora personatum, Cercospora arachidicola, and Puccinia
arachidis) from the leaf part of the groundnut plant. While the development of the system necessary data
is acquired from the leaf part of groundnut plant and domain experts. Although adaptive median
filtering, K means clustering, SVM and ANN classifiers were used in the image processing system
development. Finally, the major significance of the study is to provide effective and simple groundnut
plant disease diagnosis system that supports disease controlling mechanism and experts in the domain
area.
2.

Literature Review

Groundnut, also commonly known as peanut (Arachis hypogaea), is a tropical legume mainly grown to
produce oil and for human and animal consumption (Pratap & Kumar, 2014).it is a major source of
digestible protein (25 to 35%), cooking oil (43 to 55%), and vitamins like thiamine, riboflavin, and
niacin (Nautiyal, 2002; Savage, 1994). whereas disease and it is diagnosis procedures are the major
problem in the production and quality of groundnut. To combat the plant from this disease a precise and
on time disease diagnosing has greatest significance (Garcia & Barbedo, 2013). Therefore, image
processing technique is one. of the useful tool in the detection process of plant disease through
classifying and identifying (Astonkar & Shandilya, 2017). Image processing is a method of
accomplishing actions on image to attain an improved image or to quantify visual parameters. Digital
image processing is one of a method of image processing that follows the basic steps of image
acquisition, pre-processing, segmentation, feature extraction and detection (classification) of the image
(Tartu, 2013). In a recent study, it has been shown that image processing can be used to provide a
consistent, accurate, and reliable method to estimate disease severity by using the plant root, flower,
leaf, stems, and other parts.
Although several scholars studied plant leaf disease identification, weed detection, and fruit grading
using image processing techniques. In this regard (M. K. Singh & Chetia, 2017) studied an automatic
disease detection of plant leaf of Beans and Tea using image processing techniques. They also indicated
using image processing helps farmers in identification of disease in the initial phase and provide
significant information for its management. Similarity (Vibhute & K. Bodhe, 2012) also stated that the
application of image processing can improve decision making for vegetation measurement. Study done
on several diseases classification by using automatic detection and classification of plant leaf developed
an algorithm and tested on jackfruit, mango, potato, sapota and other plants, which also produced an
efficient result from the testing phase(V. Singh & Misra, 2017). Adoption of such technologies like
image processing techniques in plant disease identification leads to fast and accurate result and also
better productivity (Pendse et al., 2018).In general, most of the studies in image processing specifically
in disease classification and identification states that using a digital image processing technique can
support in effective disease identification and control, assisting experts and improved decision making.

3. Objectives of the System
3.1. General objectives
The main objective of the study is to develop image processing system for identifying groundnut
plant disease to provide efficient disease controlling mechanism.
3.2. Specific objectives








To acquire groundnut plant disease sample image for developing a prototype system

To present feature extraction towards groundnut plant disease identification based on
the leaf image
To select suitable classification algorithm for groundnut plant disease diagnosis
To develop a prototype system for identifying groundnut plant disease
To evaluate the performance of the system and user acceptance level.
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4. Proposed Model
The aim of the study to develop image processing system for identifying groundnut plant disease.
Here the developed system intended for efficient disease controlling mechanism and expert support and
modest detection method of a groundnut plants disease. To develop the system for identifying groundnut
plant disease the researchers used the leaf part of the plant. The system started by acquiring image of a
groundnut plant leaf with a good camera. After the acquisition of images, the acquired image should
have to be pre-processed and segmented for removing unnecessary or disturbing factors in the finding
of the disease from the given image. The next step is feature extraction. In this system, the researchers
used morphological and textural features together as important and major characteristics of the image.
This phase provides the basic appearance of the leaf related to the above basic features and leads to the
classification step. The final step of the model is the classification or categorization as the system
identifies the class of the groundnut, based on the data provided by feature extraction.

Figure 1. The architecture of the image processing system for identifying groundnut plant disease.

5. Methodology
5.1. Research framework

In the development of an image processing system for identifying groundnut plant disease the
researchers used experimental research design method. According to Goodwin (2010),
experimental research design is a systematic research study in which the researcher manipulated
and controlled testing to understand causal process. It is important for an experimental research
to establish cause and effect of phenomenon, which means, it should be that effects observed
from an experiment are due to the cause. Experimental research can be either basic or applied
in its goals, and it can be conducting a laboratory test or other fields. Experimental researches
that take place in the field research outside of the laboratory, including both experimental and
non-experimental methods. It is a way of gaining knowledge by means of direct and indirect
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experience and evidence gathered data. In this study, experimental method was used for image
processing techniques to designing a prototype system and testing. As a result, in this study the
researcher used experimental method for model building, analysis, prototype development and
performance testing, whereas non-experimental method was used for user acceptance testing
and knowledge elicitation through discussion with experts and document review.
5.2. Image acquisition
The images of the groundnut leaves were acquired using two methods. The researchers acquired data
by direct taking of the leaves images sample and also collecting a preserved dataset from Bishan-Babile
and Gemechu peasant associations in Babile district and Awdal peasant association in Gursum districts
in East Hararghe zone of Oromiya Regional State.
During the study a total of 320 leaf sample images were collected which are from three infected and
one healthy leaf group of groundnuts. From various types of diseases that attack groundnut leaf
Cercospora personatum (late leaf spot), Cercospora arachidicola (early leaf spot) and Puccinia
arachidis (rust) are the major challenges in influencing production and quality (Park, 2006). Discussion
also made with experts about the basic symptom, characteristics, and experimental analysis of the given
disease classes.
Classes
A

Type of Disease
Cercospora personatum (late leaf spot)

Kingdom
Fungi

RGB image samples
80

B

Cercospora arachidicola (early leaf spot)

Fungi

80

C
D

Puccinia arachidis (rust)
Healthy types of leaf

Fungi

80
80
320
Table 1. Total number of groundnut plant both infected and healthy leaf image

5.3. Image pre-processing
Image pre-processing is a removal of unnecessary blurred or noise, which includes dust, unwanted
background and shot noises while the image acquisition step. In this study adaptive median filtering
method was used to enhance the image quality and to reduce noise while detecting disease. Adaptive
median filtering crosschecks pixels that are not similar to the majority of its neighbours and have a
problem in the physical alignment with other pixels and it adjusts by replacing median pixel value of
the pixels in the neighbourhood that has passed the noise labelling test. The major benefits are removing
impulse noise, smoothing of other noise, and reduce distortion (Peng, 2004).

Standing from this notation
Zmin = minimum value in Sxy
Zmax = maximum value in Sxy
Zmed = median in Sxy
Zxy = coordinates (x, y)
Smax = maximum allowed size of Sxy

Algorithm
Level A: A1 = Zmed - Zmin
A2 = Zmed - Zmax
if A1 > 0 AND A2 < 0, go to level B
else increase the window size
if indow size < Smax, repeat level A
else output Zxy
Level B: B1 = Zxy - Zmin
B2 = Zxy - Zmax
if B1 > 0 AND B2 < 0, output Zxy
else output Zmed

Algorithm 1. Adaptive median filtering algorithm (Peng, 2004)
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(a)
(b)
Figure 2. Pre-processed groundnut Leaf Image
These two images explain the original and pre-processed leaves of the groundnut plant to support the
disease identification process in the system. The image in (a) indicates that the original groundnut leaf
image infected by some disease which should have to be processed to exclude unnecessary blurred or
noise. While the second image in (b) shows that the pre-processed image through an adaptive median
filtering algorithm through a MATLAB software.

5.4. Image Segmentation
Image segmentation is the method of dividing the leaf image into different portions to provide
significant information for examination. There are different kinds of segmentation technique but being
wise in selecting the perfect method is a one of skill expected because of the segmentation algorithm
must be suitable for the feature extraction algorithm. One of the basic clustering algorithms is K-means
and this paper used K-means clustering algorithm in which “K” stands with the number of groups
unified. The algorithm is based on dividing a kind of cluster algorithm and has advantages of briefness,
efficiency, and celerity (Li & Wu, 2012). It aims to lower the measure between the centroid of the groups
and, the given observation by iteratively including an observation to any group, so it ends when the
lowest distance measure is achieved. Before the starting of dividing or segmenting the image, color
mode exchange is done. From RGB (Red, Green, and Blue) color space to Lab (red, green, and yellow,
blue) based on XYZ color space.
K-means Clustering Algorithm
1. Converting the image from RGB to L*a*b color space
 L*a*b where L indicates a beam of light, A indicates position from red to green and B
indicates a position between yellow and blue (Paper, 2017).
2. Using k-mean Clustering techniques for different (abnormal) colors
 Deciding the number of K or groups. This study used three clusters.
 Measure every pixel to its nearest centroid to decide in which cluster it’s assigned. The
Euclidean distance ED = ∑𝑁𝑖=1(ai-bi)2 is used while the study.
 The clustering finished after every pixel is stable or clusters are unchanging.
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Figure 3. Segmented groundnut leaf image
The pre-processed image passed into the image segmentation process for clustering the images into three
groups that indicates K means 3. All the images in the above figure 3 indicates the different portions of
the segmented images to provide significant information for examination. Therefore, the system will
select the image that provide a better information from the three grouped images in the segmentation
process.

5.5. Feature Extraction
Feature extraction is one of the most significant steps to support the finding of the infected area on
the image. Feature extraction is the process of transforming the input data into a set of features (Kotas
et al., 2001). The extraction starts by signifying the given image features. Features may contain facts
relative to color, shape, texture or context.
The quality of feature selection has a direct impact on the prediction process, so the study used the
two most advised feature extraction methods which are textural and morphological features. As
(Astonkar & Shandilya, 2017; Gupta, 2018) suggested that morphological and textural features are better
in giving further results than other features with displaying how the color is distributed in the image.
Five texture features are used to support the extraction process, which are correlation, homogeneity,
contrast, entropy, and energy. In morphological features extraction, experiment seven geometric
numerical descriptor features are calculated related to shape and size: Euler number, major-axis, extent
perimeter, area, minor-axis, and compactness. Generally, the study used 12 sets of feature components
in effectively extracting the given image to provide actual result for classification and detection phase

5.6. Detection and Classification
The final phase for the image processing process is detecting and classifying. The main aim of image
classification is to categorize the findings of the given image into the classes. The study used SVM and
ANN classifier algorithms and 12 labelled input features. The features help to decide whether the leaf
is attacked by disease and also its disease class. Support Vector Machine (SVM) is a classifier method
that performs classification tasks by constructing hyperplanes in a multidimensional space that separates
cases of different class labels (Gove & Faytong, 2012). The SVM classifier categorizes based on the
inputs provided by the feature extraction (textural, morphological). In this process, when the margin
between the two groups is wide it’s more effective. The other algorithm used in the classification phase
is ANN (Artificial Neural Network). ANN is a type of artificial intelligence that imitates some functions
of the person mind. ANN has a normal tendency for storing experiential knowledge (Kamavisdar et al.,
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2013). Which is one of the best classifiers to learn from the surrounding and handling a large amount of
data. In this study, feed-forward multi-layer perceptron architecture was used with back propagation
learning algorithm to minimize the loss function in the whole network structure and the output layer.

Result and Discussion
The study developed a prototype system for identifying groundnut plant disease. The experimental
results were used ANN and SVM classifier using holdout validation at 30%. The total number of dataset
was 320 groundnut leaf images. In the classification and detection process the system results of four
classes; Cercospora personatum (late leaf spot), Cercospora arachidicola (early leaf spot), Puccinia
arachidis (rust), and healthy leaf. From the total dataset of each groundnut leaf image type, 70% was
used for training and to build classification model, and the remaining 30% of the total was used for
testing data. From the total of 320 dataset, 224 were used for training and 96 testing were used for
accuracy, sensitivity and specificity measures. This results were proccessed by Confusion matrix using
four categories: True Positive (TB), False Positive (PF), False Negative (FN) and True Negative. True
positive is infected and healthy images that were identified by the domain expert as correctly identified
and also classify results identify by the prototype system as correctly. False positive occurs when
incorrectly image data inputted into the system and the system is give result as classify result correctly.
That means some incorrect images may be retrieved by the system as relevant. True negative is
incorrectly images identify incorrectly by the prototype system and expert domain. This is the image
when incorrectly detected were inputted and the proposed system classify negative decision. False
negative is the images when incorrectly identify images were inserted in the system for testing and the
prototype system classify positive result.
Therefore, the researchers it can get the following results which help us to perform the groundnut leaf
image detection has been determine through accuracy, sensitivity, specificity and F-measure. True
positives (TP) = 57, True negatives (TN) = 30, False positives (FP) = 5 and False negatives (FN) = 3.
From the performance results was used by ANN algorithms, the overall detection accuracy was 90.6%,
while sensitivity was 91%, specificity was 90% and F-measure was 93%. The other algorithms (SVM)
overall detection accuracy was 74.6 %, while sensitivity was 75 %, and F-measure was 76%. Therefore,
SVM classifier recorded less accuracy than the ANN classifier.
100,00%
90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%
0,00%
SVM
Morphological

ANN
Textural

Total

Figure 4. Summary of all classification model accuracy performance

Generally, in this study, the results show that using ANN classifier is more reliable method
than the SVM classifier based on the computed feature extractions. The developed automatic
system shows good accuracy and efficiency, thus can be used to assist agriculture experts in
making decisions.
To show the experimental results, the researchers took a sample image from Cercospora arachidicola
(early leaf spot) and inserted to the groundnut plant disease detecting system. Here the figure shows how
the image is pre-processed, segmented, feature extracted and the classification results
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Figure 5. Sample graphical user interface to load groundnut leaf image

Figure 6. Sample graphical user interface for filter

Figure 7. Sample graphical user interface for segmentation image using K-Means clustering
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Figure 8. Sample graphical user interface for selected image segment using K-Mean clustering

Figure 9. Sample graphical user interface for detection and classification mode
Finally the above figures tried to show the overall graphical user interface for the system. Which starts
from figure (5) by loading a groundnut leaf image in to the system and it proceeded by filtering or image
pre-processing techniques in figure (6). Figure (7 and 8) showed the image segmentation step by
clustering the pre-processed image into three groups and selecting the better image from the cluster for
providing significant information for feature extraction. Finally figure (9) states the feature extraction
from the information accepted in the above steps and classification or detection of disease with an end
result of early leaf spot Cercopora arachidicola.

Conclusion
In this paper, the researcher developed an image processing system for identifying groundnut plant
disease to provide efficient disease controlling mechanisms, expert support systems and modest
detection methods. During the development the researchers acquired the necessary information from the
domain experts. The total sample of dataset 320 of leaf images were collected from Babile district
peasant associations, and Gursum districts peasant associations in East Hararghe zone of Oromiya
Regional State. The collected dataset was used for data training and evaluation using holdout validation
at 30%.
In this study four class of groundnut leaf (cerocospora Cerocospora personatum, cerocospora
Cerocospora arachidicola, Puccinia arachidis, and healthy leaf.) were used due to their disease severity
in the region. Although in this study researchers used adaptive median filtering and K-means clustering
for image preprocessing and segmentation phases. Morphological and textural features used 12 sets of
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feature components in effectively extracting the given image to provide actual result for the
classification and detection phase. The accuracy, sensitivity, specificity and F-measures improved the
performance of the prototype results of ANN were 90.6%, 91%, 90% and 93% respectively, whereas
SVM were 74.6%, 75%, 75% and 76%.The accuracy, sensitivity, specificity and F-measures improved
the performance of the prototype results of SVM were ANN reached an average result of 90.6 accuracy
level and SVM scored 74.6 correct classification.
Therefore, the experimental results indicate that the ANN classifier is the best algorithm in comparison
with the SVM classifier based on the computed feature extractions. Finally, a graphical user interface
(GUI) has been developed to read the image and display the result based on the groundnut leaf classes.

Recommendation
This study mainly focused on the disease that infects the leaf parts. Some diseases attack the
groundnut plant on the stem, root, flower or whole body of the plant. So, the researcher can further
investigate the disease appearing on the stem, flower and root.
Although the system performs detecting the diseases for the specified classes, once the identifying
has been done appropriate treatment for the diseases are outside of the scope of this research so
researchers recommends future work should consider further development in its treatments.
Finally, the paper, designed and developed a system used for identifying the groundnut plant disease
beside this the system does not evaluate the severity of the disease. So, estimating the severity of the
disease can be a future work.
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ABSTRACT

Preschool is a period of rapid development of skills and learning, the infant learns
through family, school and especially through exploring the natural environment.
The child, playing in an outdoor environment close to natural environment,
naturally develops his talents, his creativity but also many motor skills, which
otherwise, indoor learning environments would not give so many opportunities.
Outdoor learning environments in natural environments contribute significantly
to the learning of children, especially young children. This paper explains the
importance of designing learning environments close to natural environment,
something that parents have realized and now consciously choose such
environments for their children's learning and development. This article examines
the parameters involved, in detail which of the 7ps' elements of Educational
Marketing most influence the choice of parents with children in East Thessaloniki
to make decisions about their children attending Private Kindergartens with large
yards, away from the urban environment and in areas close to natural
environment and natural areas. The results of the research show that these parents
are of a high educational level, graduates of a University or Technological
Institute, with a Master's degree or Doctorate. Also, when parents are satisfied
with the quality of the school space, the existence of pedagogical materials and
toys for the employment of children, the existence of an outdoor large yard and
outdoor activities with infrastructure and facilities away from the urban
environment and close to natural environment then they choose this Pre-school
education for their child's attendance, they recommend it voluntarily to
acquaintances and friends and would choose their child to continue attending to a
next level of education such as Primary School if there was one.

1. Introduction
The pre-school years of a child are the basis of healthy personality development, but also
of the socio-emotional and cognitive abilities of the person (Katz, 1999). For better
development of children, we should invest in learning programs that are supported in both
social and physical environments. Pre-school is a period of rapid development of skills and
learning, the infant learns through family, school and especially through the exploration of the
natural environment (W.H.O. 2007). A school institution with very good facilities and
infrastructure, close to natural environment has been proven to provide security to teachers,
make them feel valuable, greatly improve their work performance and better influence the
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academic performance of children (Uline & Moran 2008 ). Otherwise, the poor facilities of an
institution and the distance from natural environment, affect the motivation of teachers and
indirectly the education of children (Shalleh, Kamaruzzaman & Mahyuddin 2013). An
educational institution to stand out in the highly competitive private sector is important to
invest in competent, popular and well-trained teaching staff, in the opinion of parents with
children attending private pre-school educations (Kalouli, Tsekouropoulos, Chatzigeorgiou
2019). Children can be more influenced than any other age group by the environment in
which they study. Childhood is a period of time associated with continuous learning, energy
and play and is influenced by the environmental factors under which all these processes take
place (Loebach 2004). Outdoors are the best learning environments for children. These areas
offer opportunities not found indoors. Thus, outdoor spaces designed for children are very
important because they contribute to learning. External learning environments are mainly of
two categories: On the one hand are the activities of the Curriculum managed by teachers
such as experiments, observations, explorations and on the other hand are the informal
activities carried out by children according to their own preferences receiving unconscious
information and gaining experience of the environment through their own observation
(Loebach 2004, Acar 2014). Outdoor activities with sand, water, mud, or collecting fallen
leaves, creating habitats for birds, ants, etc. provide many opportunities for exploration,
observation and help to develop ideas for ecological balance, but also how to live in harmony
with our planet (Güler 2009).
Parents have now realized the importance of motor development in early childhood,
that’s why more and more people are looking for natural places to relax for their children.
When parents on their first visit to a Private Kindergarten are satisfied either with the
existence of adequate pedagogical games, or with the pleasant decoration of the space, then it
is easier for their children to enroll there, but they also recommend the pre-school education
to acquaintances and friends. that is, the more parents realize the marketing efforts of their
children's kindergarten, the more favorable is their image and therefore their devotion and
behavior in the specific Kindergarten (Kalouli, Tsekouropoulos 2020). In this endeavor, many
parents seek Kindergartens and pre-school centers as close to natural environment as possible,
away from the urban environment with large yards and outdoor toys to allow children to
interact with natural elements (Acar 2014). From the literature review it was found that the
factors that are easily observable, such as the facilities, infrastructure attract the attention of
parents more and more (Scopelliti & Mussati 2013). Parental satisfaction seems to be more
correlated with practical and functional factors than with pedagogical ones according to
research (Chaudry et al 2011, Sandstrom&Chaudry 2012). However, we can’t overlook the
role of human resources in attracting more and more client-parents (Katsonis et al 2018). The
internet and e-marketing by creating appropriate websites, serve the viability and recognition
of both these institutions and various businesses that are close to natural environment and
must be promoted in order to become widely known (Andreopoulou et al 2013). Marketing is
a process that can promote the values and goals of an institution, actively communicating with
parents and promoting their needs and requirements (Ho 2010). According to Kotler &
Armstrong (2012) educational marketing is defined through the elements of 7ps ’. These
elements are: Product mix, Price mix, Place mix, Promotion mix, People mix, Physical
Evidence mix and Process mix. The location of a school is one of the most important factors
in a marketing strategy. According to Barnes (1993) there are three major dimensions of the
space category in educational marketing and it is the geographical location, the environment
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and the accessibility to it that influence the decision of parents to enroll their children in the
respective school institution. Environmental sustainability, social responsibility and green
marketing are considered important practices in the sustainability of our planet and their
promotion is of paramount importance (Tsekouropoulos, Andreopoulou, Vatis 2015) for both
businesses and schools. In this article we will study the parameters involved in that decision,
which of 7ps' elements, can influence the choice of parents to enroll their children in Private
Kindergartens in the suburbs of East Thessaloniki close to natural environment with large
yards and outdoor activities. We will further observe through our data collection the
educational level and the devotion of the parents to their choice, despite the distance from
their home.

2. Methodology
The main objectives of this research were explored through the formulation of research
hypotheses. We studied two hypotheses. The first hypothesis investigates the educational
level of parents who enroll their children in Private Kindergartens in the suburbs of Eastern
Thessaloniki away from the urban environment of the city. At the other hand the second
hypothesis studies the 7ps ’elements of educational marketing influence parents to be
committed to this choice.
To explore the views, the method chosen is the quantitative approach with 180
interviewed parents of Private Kindergartens in the suburbs of Eastern Thessaloniki, using a
suitably designed questionnaire of 40 closed-ended questions. The questions are Dichotomous
and Likert 5 rating points from high dissatisfaction to high satisfaction, for the collection of
primary data. The questionnaires were distributed to parents whose children attend private
kindergartens in the suburbs of Eastern Thessaloniki by the method of sampling with
predetermined percentages (Quota sampling), so that there is a representative sample of
parents of all private kindergartens that had a large yard and natural environment. The
questions are divided into four sections, the first section consists of questions to collect the
demographics of the respondents, the second section contains questions related to the
elements of the 7ps Educational Marketing strategy, the third section concerns questions
about parental devotion and behavior in Pre-school education where their child attends and
the fourth section contains questions about the image and reputation of a kindergarten. The
questionnaires were completed by 83.9% by women, mothers of children attending Private
Kindergartens close to the natural environment of Eastern Thessaloniki, while 16.1% by men.
51.7% of the total sample had 2 children, and 71.7% were parents between 36 and 45 years
old. Regarding the professional employment of the sample, 38.9% are Private Employees,
31.1% Civil Servants, 21.7% Freelancers. Finally, in terms of the educational level, 50% are
University graduates, 31.7% have a Master's degree, while only 3.3% hold a PhD. The data
analysis was performed with descriptive and inductive statistics data, making statistical
analysis S.P.S.S (Superior Performance Software System) of the data collected to draw
conclusions that contribute to the documented performance of data.

3. Results
Regarding the first question, we examine the role of the educational level of the parents
with the variable of the Product mix of Educational marketing. The presentation of the results
is done through Table 1 of the Correlations and they present the correlations with a
significance level p <0.05.
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Table 1: Parents' educational level and Marketing Tactics.
Evaluate the infrastructure and facilities of a kindergarten located close
to the countryside, away from the urban environment.
Parents educational
level

Ν

Mean

Std.Deviation

High School

10

4,2807

0,61975

Institute of
Vocational Education
and Training
UniversityTechnological
Educational Institute
Postgraduate

17

3,8235

0,95101

90

4,3000

0,86700

57

4,6000

0,69921

Ph.D.

6

4,8333

0,40825

Total

180

4,2833

0,79997

Sig.

0,038

* Mean (1 = High dissatisfaction, 5 = High satisfaction)
Looking at Table 1, we distinguish the Averages between the Demographic variable
"Parents' educational level" and the quantitative variable of the section Marketing Tactics:
Educational mix (Product mix), "Evaluate the infrastructure and facilities of a kindergarten
located close to the countryside, away from the urban environment". Between these two
variables the significance coefficient is p = 0.038 <0.05. Specifically, parents who hold a PhD
show high satisfaction with the infrastructure and facilities of their kindergarten located close
to natural environment and away from the urban environment of the city with an average of
4.8333. Immediately after that, are the parents who have a Master's degree (Avg = 4,6000).
While not so satisfied, show the parents who have completed an Institute of Vocational
Education and Training with Avg = 3.8235. So according to the results of the table the high
evaluations for a Pre-school education located in the countryside come mainly from parents of
a high level of education.
Regarding the second research question, we investigate the correlations of the 7ps’
variables of educational Marketing related to Product mix and Place mix. These elements of
Educational Marketing are the infrastructure of the Kindergarten of the parents' choice, the
existence of outdoor areas with outdoor games such as a playground, etc., the location of the
Pre-school education (away from urban environment, parking spaces, contact with natural
environment) which and we correlate with the qualitative variables of Parental Loyalty in the
specific Kindergarten. The method used is One Way Anova. Below are the correlations of the
variables with significance level P <0.05 as obtained from the statistical analysis S.P.S.S.
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Table 2: Correlations of Product mix and Place mix with the variable "If this
kindergarten also had an Primary School, would I choose my child to continue there?"
If this kindergarten also had a
Primary School, would I
choose my child to continue
there? YES/NO

N

Evaluate the quality of the
school space (natural light,
ventilation, etc.)*

180

Evaluate the existence of
sufficient pedagogical materials
and toys for the employment of
children.*

180

Evaluate outdoor areas such as
a playground, activity areas.*

180

Evaluate the infrastructure of
the specific Kindergarten
(infrastructure, facilities, etc.)*

180

Evaluate the location of the
Kindergarten (away from urban
environment, places of
employment in natural
environment, etc.)*

180

Evaluate cleanliness and
hygiene of spaces*

180

Mean*

Std.Deviat
ion

YES:4,3958

0,7774

NO: 3,6667

1,1464

YES:4,4097

0,7136

NO:3,7778

0,9292

YES:4,3611

0,7628

NO:3,8056

1,0642

YES:4,3542

0,7335

NO:3,8056

1,0090

YES:4,3889

0,82029

NO:3,7500

1,2956

YES:4,6875

0,6084

NO:4,1111

0,9791

F

Sig.

20,580

0,000

19,867

0,000

12,878

0,000

13,705

0,000

13,502

0,000

19,691

0,000

*(Evaluate from 1-5, Mean: 1=High Dissatisfaction, 5=High Satisfaction)
According to Table 2, when parents are highly satisfied with the quality of the school
space, the existence of pedagogical materials for the employment of children, the outdoor
spaces in natural environment, the infrastructure of the pre-school education, the location of
the institution away from urban environment but also the cleanliness of the premises then they
tend to choose to continue their children's education at a next level of education such as
Primary School. Here we observe the correlation that exists between the continuation of
children's education in the next level of education with the existence of outdoor spaces for the
employment and exploration of children close to natural environment.
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Table 3: Correlations of the Promotion mix and Place mix with the variable "Was this
particular Kindergarten my first choice?"
Was this particular
Kindergarten my first
choice? YES/NO

N

Evaluate the existence of
sufficient pedagogical
materials and toys for the
employment of children.*

180

Evaluate outdoor areas such as
a playground, activity areas.*

180

Evaluate cleanliness and
hygiene of spaces*

180

Mean*

Std.Devia
tion

YES:4,3957

0,7383

NO:3,9024

0,8889

YES:4,3309

0,86300

NO:3,9756

0,7901

YES:4,6691

0,6526

NO:4,2439

F

Sig.

12,832

0,000

5,570

0,019

11,277

0,001

0,8882

*(Evaluate from 1-5, Mean: 1=High Dissatisfaction, 5=High Satisfaction)
According to Table 3 above, a Pre-school education tends to be one of the first choice of
parents when they are satisfied, on their first visit there, with the existence of sufficient
pedagogical toys for their employment, when they are close to natural environment with
sufficient outdoor space for exploration and employment of children, and finally by the
cleanliness and hygiene of these areas.
Table 4: Correlations of the Promotion mix and Place mix with the variable "Do I
voluntarily recommend this kindergarten to acquaintances and friends?"
Do I voluntarily recommend this
kindergarten to acquaintances and
friends? YES/NO

N

Evaluate the quality of the school
space (natural light, ventilation, etc.)*

180

Evaluate the existence of sufficient
pedagogical materials and toys for the
employment of children.*

180

Evaluate outdoor areas such as a
playground, activity areas.*

180

Evaluate the infrastructure of the
specific Pre-school education
(infrastructure, facilities, etc.)*

180

Mean*

Std.Devi
ation

YES:4,3675

0,7650

NO:2,8571

1,2924

YES:4,3795

0,7096

NO:3,1429

0,9492

YES:4,3133

0,8374

NO:3,5000

0,7595

YES:4,3253

0,7565

NO:3,2857

0,9944

F

Sig.

44,315

0,000

37,073

0,000

12,336

0,001

23,150

0,000
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Evaluate the location of the Pre-school
education (away from urban
environment, places of employment in
natural environment, etc.)*

180

Evaluate cleanliness and hygiene of
spaces*

180

YES:4,3614

0,8396

NO:3,0714

1,4917

YES:4,6747

0,6151

NO:3,3571

0,9287

26,332

0,000

54,170

0,000

*(Evaluate from 1-5, Mean: 1=High Dissatisfaction, 5=High Satisfaction)
Observing the above Table 4, the parents who are highly satisfied with the quality of the
school space, the existence of pedagogical materials for the employment of the children, from
outdoor areas close to natural environment, from the infrastructure of the kindergarten, the
location of the institution away from the urban environment but also the cleanliness of the
premises then they tend to voluntarily recommend the kindergarten to acquaintances and
friends by attracting new registrations in it.

4. Conclusions/Suggestions
From all the above it can be concluded that there is a relationship between the natural
learning environment and the readiness of children at school. The importance of the natural
environment in preschool children can no longer be ignored. Parents who choose to send their
young children to school in a natural environment-friendly environment have identified an
improvement in their children's readiness. The image of a school institution depends on many
factors, one of them is the location of the Pre-school education, the contact with natural
environment in the daily life of a pre-school education program approaches more and more
parents since this can now be displayed on the internet (Kalouli, Tsekouropoulos,
Chatzigeorgiou 2019). Children have an environmental awareness and their learning is
enriched with information that they learn effortlessly by engaging with natural environment
as the activities are based more on their observation and practical engagement (Acar 2014).
These parents are mainly highly educated and are committed to their decision according to the
research data. People who grow up close to natural environment will develop into adults who
will be aware of it, will care for it and will respect it, a fact that is very beneficial for the
future generation of our country. Strong environmental values need to be integrated into the
wider culture of both people and businesses, let alone schools through the design of green
strategies (Tsekouropoulos 2016). The findings of this study are based on a limited sample of
parents whose children attend Private Kindergartens in Eastern Thessaloniki and their
generalization to other areas both in Greece and abroad, would provide significant support in
the effort to expand the results. It is also necessary to conduct a quality study in the future to
provide further insight and answers to the results of this study explaining the motivations of
parents who send their children to private pre-school educations close to natural environment.
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ABSTRACT
With the advent of more complex technologies, a new industrial revolution has
approached, which leads to changes in several processes and the industrial sector might
have a crucial role in the present days since the advanced products the society uses are all
manufactured and need well develop industrial plants to be produced. At the same time
during the last 20 years, the world experienced the economical emergence of new
countries, and among them one was Brazil. The current essay intends to investigate the
powers behind the Brazilian growth during this period, dividing the GDP composition and
comparing it with other similar countries. The focus will be the manufacturing sector’s
role in the Brazilian economy, and whether the country is walking towards the modern
advancements in society.

1. Introduction
1.1. Brazil
Brazil is the biggest country in South America, both in population terms as in territory. According
to the World Bank, the country is the 6th most populous nation in the world, with a population of more
than 210 million people, its gross domestic product (GDP) belongs to the top 10 world economies
(World Bank, 2019). The importance of the country also relies on the richness of natural resources still
found there, being the most notorious the Amazon forest, the greatest forest of the world, whose
natural diversity is still yet not totally comprehended. Fortunately, despite many countries had already
destructed and explored most of their nature, Brazil still has a massive number of forests, which
extends to approximately 60% of the total area of the country today (Serviço Florestal Brasileiro,
2010).
Despite these good features, the country has been suffering from a severe economic crisis, as
observed in Figure 1, after the GDP increased tremendously from the 1990s to the 2010s, the national
GDP since 2011 has shrunk going close to levels of 10 years before. It impacts not only the economic
area but other structures also such as social and political have been diversely changed in Brazil in
recent years. This scenario raises many hypotheses linking a myriad of possible causes to the current
bad scenario faced in the Country (Klafke et al. 2018).
Given the emergence of a new Industry Revolution and the importance it has been on process of
developing countries throughout history, the present study intends to analyse the participation of the
industry sector in the national Brazilian GDP and in the international trade seeking to understand the
course the country`s production is following, observing the trends each sector has in the last years and
compare with other countries.
1.2. Industry
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The industry role and its impacts on our society have been more discussed since the concept that
the society now is shifting from the third industrial revolution to the fourth one. How the countries can
prepare themselves to this new era has also been a matter since the introduction of the Industry 4.0
idea firstly appeared in 2011 at the Hannover fair in Germany. The core idea behind it is to explore the
potentials of the new technologies applying them within the manufacturing field. Some of these
applications are the integration of processes in the companies, digital data collection, and the use of
the internet to connect the production systems, allowing the identification, tracking, monitoring, and
optimization of the processes in real-time (Rojko 2017).
The first revolution, or the creation of the industry, began with the invention of mechanical
production facilities which operated using steam engines, replacing the hard and manual work. The
second transformation happened when the electricity started taking place on the manufacturing
process, therefore it allowed the emergence of mass production system. The next leap occurred with
the production automation, aided by the development of digital technologies such as the
programmable logic controllers (PLCs), recently triggered by the large use of internet and the use of
cyber-physical systems (CPS) the world is experiencing the advent of the next industrial revolution
(Botos et al. 2019, Xu, Xu & Li 2018, Zolotová et al. 2020). Others may say that this is not the starting
of a new one, but a leap caused by the technology development that occurred in the Third one since
many of the tools used were invented some years ago (Celani 2020). Despite these theoretical
divergences, the use of technology, particularly sensors and the internet, in the manufacturing context
has been deepened during the last ten years and presented a fast evolution, generating new solutions
and technologies with an exponential pace.
Technology can mean loss for ones but benefit for others, so it is important to any organisation be
adapted to the current global trends, the industry sector is not different, otherwise it can mean loss in
competitiveness. A literature research concluded that the most common benefits associated with the
implementation of the technology within the manufacturing context are cost reduction in production
process and project development, increasing the production quality and, reduction in production
process time (Arromba et al. 2020, Füzesi et al. 2020).
The process of changing the share of each sector activity in the economy is known as the structural
transformation, the broad sectors studied are agriculture, manufacturing, and services, so the dynamic
of each one of these is considered critical for modern economies, figuring among one of the six main
features of modern economic growth (Herrendorf, Rogerson & Valentinyi 2014, Duarte 2020).
The sectoral reallocation of economic activity is claimed to be inefficient, thereby some suggest
that this process should have a governmental intervention (Herrendorf, Rogerson & Valentinyi 2014).
Some countries are already concerned with the new approaches in manufacturing, in addition to be the
first place where the concept appeared, in 2013 Germany was also the first country where the
government announced official plans to take care of these trends (Xu, Xu & Li 2018). This pioneering
spirit seems not surprisingly since they have been investing much money in the manufacturing sector
and have strongly supported this sector throughout recent decades (Rojko 2017). Nevertheless, other
countries have already realized the importance of applying the industry 4.0 principles and some of
them already have planned governmental investments and incentives to allow the flowering of this
new concept. China in 2014, France and United States in 2015 also launched official programs to take
care of the new industrial trends (Xu, Xu & Li 2018, Rojko 2017, Grangel-Gonzalez et al. 2016). In
Brazil, the government also launched an own project aiming to encourage the modernisation of the
Brazilian industry. The program called “Towards Industry 4.0” (Rumo à Indústria 4.0) was the result
of a partnership between the Brazilian Agency for Industrial Development (ABDI–Agência Brasileira
de Desenvolvimento Industrial) together with other initiatives of the Ministry of Industry, Foreign
Trade and Services (MDIC–Ministério da Indústria, ComércioExterior e Serviços) (Dalenogare et al.
2018).
There are three significant indicators that are most used to evaluate the sectorial level activity:
employment shares, value-added shares, and final consumption expenditure shares. Although some
works have considered the three as interchangeable when a study is being carried out it is relevant to
indicate a basic difference among them. The final consumption expenditure as the name suggests,
doi: 10.17700/jai.2021.12.2.600
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encompasses the consumption behaviour of a given society, whereas the first two are associated with
the production economic aspect (Herrendorf, Rogerson & Valentinyi 2014). Since the present analysis
is more focused on the production aspects the value-added will be more used throughout the essay.

Figure 1. Brazilian GDP (current US$) (WORLD BANK, 2020)
1.3. International Trade
The investigation of the trade of a given country is justified by its consequences on the
development process. With the increase of the interconnection among the countries a solid and diverse
international trade structure can lead to enormous benefits, especially as a way to emerge developing
countries and upgrade the quality levels of their citizens, in other words, it is an alternative to
advancement, once studies have shown that international firms outperform companies which limit
their trade nationally. This fact has been experienced in many countries, including Brazil (Torres
Mazzi, Foster-McGregor & Estefânia de Sousa Ferreira 2021, Bernard & Bradford Jensen 1999).
According to (Ossa 2015) a diverse trade, composed of different products of different sectors can
enhance the benefits from international commerce, this is particularly true when the exports are being
compared, whereas the imports do not matter so much in the case of this analysis unless a total
shutdown is made. Given the limited time and resources for the present study will focus more on the
examination of the Brazilian exports.
Gross exportation is not the same as value-added exportation, since some products require more
specialization to be done than others, thus it is valuable to consider the composition of the
exportations. The added value for different categories has evolved differently over time, the
manufacturing products experienced a reduction in the total value-added, partly explained by the more
globalized supply chain where many components come from other countries consequently decreasing
this index (Johnson 2014). Although some analyses diverge about whether manufacturing or services
has the greatest value-added, manufacturing products still have greater value-added when compared to
agricultural items (Johnson & Noguera 2017, Johnson 2014).

2. Discussion
As presented in Figure 1 the Brazilian GDP had a significant rising during the first decade of the
XXI century, some call this period an “economic miracle” since in ten years the GDP value was five
times its value in 1999. Nevertheless, this “miracle” has been questioned since the development trend
changed from 2015 onwards.
According to (Magacho, McCombie & Guilhoto 2018) Brazil based its economy on primary
resources which in turns generate an expansion in the economy, however in the long run this strategy
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may lead to a constraint for the economy development, which partly would explain the behaviour of
the internal product after its peak in 2011. Based on this indication, some may argue that the growth
during this period was a mere contingency insofar as many other countries similar to Brazil in
economic terms experienced parallel patterns. Given that common sense knowledge, this point can be
showed analysing the Brazilian economic situation compared with the economy of other countries
during this period.
Indeed, in 2009 during the economic rising in Brazil, a union of countries called BRICS was
formed. This name is an acronym representing the initials of each nation (Brazil, Russia, India, China,
and South Africa). These countries experienced a substantial economic emergence during the first
years of the twenty-first century, thus the nation leaders aimed to create this group seeking to associate
and thigh the relations among the countries. In Figure 2 is possible to observe this similarity, since the
GDP of all the countries, apart from South Africa, behaved similarly to a ramp, growing considerably.
These countries shared some similarities, huge population, moderate climate, abundance of natural
resources and the fact these nations were not developed countries in 2000. As is possible to observe all
of them had a GDP between 0.5 and 1 trillion US$, which given the population of them was not an
outstanding performance, nevertheless at the end of the decade China was producing six times more
and the GDP of Brazil, India and Russia was about two times higher.

Figure 2. GDP of BRICS countries (current US$) (WORLD BANK, 2020)
After having set the pairs for the Brazilian economy and realizing other countries also witnessed a
similar economic pattern, in order to go deeper into the Brazilian case, it is interesting to make a
stratification of the Brazilian GDP to understand the base ground for this phenomena, observing which
sector impacted the most to this.
Figure 3 depicts the percentual each economical sector impacted in the total GDP, as is possible to
observe, despite Brazil be a country full of natural resources, the agriculture sector did not increased
its participation in the production share, the agricultural participation was kept around 4%. The sector
which more contributed to the growth was the Service sector, its participation increased around 5%
percent, from 58% to 63%, this can be more impressive when one thinks in absolute terms, since this
increase is relative to the total GDP, which had increased dramatically as already shown in Figure 1.
Figure 3 also shows the linear trend line for each sector, it helps to observe the tendency each
sector is pursuing during the last decades. It is notorious for the shrinking importance of the industry
sector in the Brazilian GDP. The manufacturing category had around 23% in 2000 whereas the most
recent data shows that in 2019 this number is only 17%.
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Figure 3. Share of economic sectors in Brazilian GDP (%), (WORLD BANK, 2020)
This fact alone shows the different proportions each sector had during the recent years, in other
words, it reinforces the argument that the manufacturing sector lost importance in Brazil, which can
have a particular effect that will be discussed later. To have a broader comprehension, it is interesting
again to compare these indexes with a nation alike. Based on Figure 2, India and Russia had an almost
identical growth trajectory compared to Brazil, but since the data available from Russia has some
missing years and some can argue about the transparency about the information, the Indian data was
chosen to be analysed in more detail, as displayed in Figure 4.

Figure 4. Share of economic sectors in Indian GDP (%) (WORLD BANK, 2020)
As is possible to observe a similar pattern was found in the Asiatic country. The services sector
gained space in the total production meanwhile the industry lost some. Notwithstanding this number
can be misleading since it depicts the relative participation, therefore Figure 5 compares the absolute
values for the manufacturing sector in current value US$. It is possible to see both countries had a
similar pattern from 2000 until 2011, although from this year the Brazilian Industry observed a
successive reduction in the absolute values for production.
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Figure 5. Manufacturing value added US$ in Brazil and India (WORLD BANK, 2020)
The Brazilian behaviour is partly in accordance with the conclusion of Herrendorf et al. (2014) and
Duarte (2020) which after the examination of historical data from different countries observed a
common pattern: the continuously decreasing in the relevance of the agricultural sector through the
years, a growth of the service sector and a hump-shaped pattern of the industry, nevertheless it is
usually associated with a process of mature development of a country, what is not the case detected in
Brazil.
Another way to diagnose the production of a country us examining the exportation data and trace a
parallel of the evolution perceived in the country and sometimes compare with other nations. When
the data from the Brazilian exports are analysed the prominence of its natural resources and climate
can be noted, labelling the products exported by the stages of processing, in other words, classifying
the products according to the number of processes involved in making a good, the main type of
product exported is categorized as raw materials, representing almost half (46.62%) of the exportations
and almost two times more than the second category, intermediate goods (WITS, 2018), as observed in
Figure 6.

Figure 6. Brazilian exports by stages of processing in 2018 (WITS, 2020)

doi: 10.17700/jai.2021.12.2.600
Oliveira, Henrique Friedrich de, Péter Lengyel: Industry sector role in the Brazilian GDP and Exportation Share

37

Journal of Agricultural Informatics (ISSN 2061-862X) 2021 Vol. 12, No. 1:32-40

Notwithstanding this was always the case, the notoriety of the raw materials trade is a relatively
new fact in the Brazilian scenario as is possible to see in the Figure 7. In 2000, this category
represented only 20% of the international trade exportation of the country, consequently is possible to
conclude during the last 20 years the most basic group of products has doubled its importance
constituting now half of all the income earned from selling to other countries. The observance of the
patterns in Figure 7 goes towards the argument some countries’ development relied on the increment
of the primary products, both by the rise of the prices of these products as well as a governmental
strategy to grow (Magacho, McCombie & Guilhoto 2018).
As it is known not only the volume of products sold matter, but it is also valuable to observe the
value added to produce the goods. The value-added of more complex products is also higher than
simpler products, therefore a nation can profit more for each unit sold by investing in the production of
advanced items. Another side-effect associated with the propensity of producing more complex
products is the duration of the growth (Berg, Ostry & Zettelmeyer 2012). Consequently, the fall in
Brazilian growth can be correlated with this theory since the Brazilian international trade leaned
strongly towards simpler products during the last years. A complementary point of view attributes the
Brazilian economic stagnation in the recent era to three main factors: first, the overvaluation of the
Brazilian currency; second, the focus returning the attention on exporting primary commodities; and
third, the low degree of Brazil's trade openness and the high real interest rates prevailing in the period
(Nassif et al. 2020).

Figure 7. Evolution of brazilian exports by stages of processing (WITS, 2020)
The pattern found in Brazil, where the country focused on the substitution of more complex
products such as consumer and capital goods for raw materials is contrary to the finding some studies
have shown for a sustained growth. After the examination of data from different countries in the
period 1950-2005 was concluded manufacturing has been vital for the growth in countries not
completely developed yet (Szirmai 2012).
A complementary point of view states that Brazil is facing a regressive specialisation process, in
other words, the country is walking towards the production and exportation of products with lower
technology. This conclusion came out after the investigation of the effects of globalization on the
international trade of Brazil for 20 years (Nassif & Castilho 2020). The trade concentration on low
technologies and the stagnation of the international trade can affect not only the society on the
economic and financial level but even on other social aspects. In areas that experienced higher rises in
exposure to international competition a reduction in the racial wage gap of almost 20% was observed,
consequently the broader contact with external entities the more social development a country might
have, building then a virtuous cycle (Hirata & Soares 2020).
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Throughout the different industrial revolutions different countries could benefit from the new
emergent technologies and consequently these countries have developed their economies and
improved many other social indicators. Notwithstanding, after the analyse of the data presented in this
work it is possible to conclude Brazil has not being led by this well-known governmental strategy and
the country is not aligned with the most recent trend in the manufacturing, the industry 4.0.

3. Conclusion
After the investigation of the recent economic Brazilian indicators and the comparison with some
similar countries is possible to perceive that despite the great growth experienced during the first
decade of the 21st century, the South American country is not leaning towards the strategy of
sustainable development, basing most part of the economic success in the exportation of primary
products and the in the rise of the service sectors. These both patterns were already observed in the
literature and are extensively described. The former leads to short-term growth but at the same time is
associated with the Dutch disease and does not provide a last-long alternative unless some other
investments are made (Cherif 2013, Szirmai 2012). Whereas the second is more presented after a
mature development stated is achieved (Berg, Ostry & Zettelmeyer 2012, Duarte 2020).
The start of a new industrial revolution is a change of the used technologies but also an opportunity
to newcomers emerge and play a more important role in the global scenario, in other words, the
investment towards modern technologies and the adaptation to the Industry 4.0 principles can be a
driver to a nation develop its production and consequently improve social aspects. Nevertheless, it
seems Brazil has lost this opportunity so far and the country is not performing a solidification in the
manufacturing sector but on the contrary, the sector is facing a decrease in importance both in the
exportations and in the GDP share.
The current essay intended to display an overview about the scenario of Brazilian production
during the recent years and diagnose the problems behind the subtle fall in the growth witnessed since
2015. Some other studies are necessary to be made, mainly aiming to provide a deeper investigation
about the causes related to the deindustrialization faced and to suggest possible actions to be done in
order to change the scenario.
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ABSTRACT
This study aims to investigate HR leaders’ trust in AI application in talent acquisition
and the role of technology trust as a predictor of HR leaders’ attitude toward its adoption.
The sample was drawn from the HR professionals’ network in the Middle East using an
online survey with 389 responses. The study results concluded that HR leaders have a
positive attitude toward the adoption of AI applications in the talent acquisition function.
Additionally, HR leaders perceived it as highly advantageous and this perception
positively influenced their attitude. Further, it is concluded that. HR leaders possess high
trust in AI-based talent acquisition solutions and that their perception about its reliability,
credibility and technical competence are significant predictors of this trusting belief.

1. INTRODUCTION
Ever Since its emergence, the function of Human Resources Management (HRM) fundamental
contribution for organizations and economies have been subject to substantial transformations and
development. Among the major factors of which sparked these transformations is Information
Technology (IT) innovations development (Troshani, Jerram and Hill, 2011). The diffusion of IT within
the HRM function can be traced back as early as the invention of computers and IT systems. However,
the level and intensity of this IT contribution to the HRM function were very much connected with the
development and advancement in IT. For instance, early Human Resources Information systems (HRIS)
have gradually endorsed the computerization of HRM tasks which enabled organizations to digitally
process, store, and share HR-related data. Later on, with internet invention, the concept of ElectronicHR (e-HR) have emerged which provided an interactive medium that integrated the stakeholders despite
their geographical disengagement and implements HR strategies and tasks virtually crossing the
organizational boundaries through web-technologies (Ruël, Bandarouk and Looise, 2004; Strohmeier,
2007). Talent Acquisition (also referred to as recruiting, staffing, and hiring) is the HRM function in
which defined as the “actions and activities taken by an organization to identify and attract individuals
to the organization who have the capabilities to help the organization realize its strategic objectives”
(Arne, Anderson and Voskuijl, 2006). It comprises serval essential tasks which begin at the strategic
level such as manpower planning and implementation level such as sourcing, screening, assessing
candidates, contracting, and on boarding. ITs have had a major impact on the methods by which
organizations acquire their HR talents. For instance, early HRIS has enabled recruiters to electronically
store, classify, share and process talent acquisition related data which improved efficiency (e.g. time,
cost), accuracy, and quality of the talent acquisition function. Moreover, e-HR has substantially
transformed talent acquisition function by providing the organization with internet-based means to brand
itself, acquire and connect with targeted HR and the conventional hiring methods have been gradually
diminished in favour of “e-recruitments”.
While certainly HRIS and e-HR have significantly impacted the talent acquisition process at a
strategic and operational level, hence, it is noticeable that Artificial Intelligence (AI) based solutions are
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emerging rapidly posing another major IT intervention to the talent acquisition methods. Nowadays, a
growing reliance on AI in the talent acquisition process has become visible where interconnectivity and
automation represent the emerging approaches in hiring. This reliance is manifested in the
heterogeneous talent acquisition solutions in which employ advanced IT techniques such as machine
learning, data mining, artificial neural network (ANN), augmented reality. Etc. The distinctive role of
these AI-based talent acquisition solutions from traditional HRIS and e-HR is that it promotes
augmented intelligence where humans and AI jointly make decisions. For instance, AI solutions that
autonomously process the most time-consuming talent acquisition tasks such as candidate sourcing,
screening, and communication. Chatbots, intelligent search engines, smart Applicant Tracking Systems
(ATS), Candidate Relationship Management (CRM) are examples of trending AI applications within
talent acquisition. Nowadays, there is no doubt that Professional Networking Platforms (PNPs) such as
LinkedIn are the leading talent acquisition approach with more than 722 million users. At this moment,
“AI powers everything at LinkedIn” for instance machine learning models create links between job
profiles and, deep learning capture users’ preferences and generate personalized results. Applicant
Tracking Systems (ATS) is another AI tool that is being increasingly used in locating both passive and
active jobseekers, it produces instantaneous candidates search based on predefined role specifications.
Surveys showed that 90% of big sized companies and 68% of SMEs are applying ATS and it is the
largest share of the talent acquisition industry (Mondal, 2020). Moreover, other time-consuming talent
acquisition tasks of which AI applications offer to handle are candidates screening, shortlisting, and
communication. AI-based Candidate Relationship Management (CRM) software such as Chatbots is
also being increasingly used to facilitate the talents selections process. For instance, some of the hiring
Chatbots provide thorough solutions for talent acquisition by autonomously screen the candidates'
profile, initiate instant communication and feedback services throughout the hiring process, assess
candidates by conducting screening interviews, request further actions if needed such as in missing data
case, and produce a final shortlist of qualified applicants. Sits argued that some Chatbots automate 75%
of the talent acquisition process (Dickson, 2017). Also, AI-based talent acquisition solutions (eg.
“Affectiva”, “HireVue”) are applied in evaluating candidates' interviews by analysing facial expression
and emotion extract techniques and provide inputs about their level of engagement, personality,
motivation, and honesty (Boz and Kose, 2018). Moreover, pre-employment background screening is
another talent acquisition task that has been recently handed over to AI. For instance, “FAMA” uses
natural language to screen the internet, news, blogs, social media, and professional networks to
investigate candidates criminal and violent history, workplace misconducts, drug abuse, as well as
positive indicators such as volunteering, and other relevant information (Mahmoud et al., 2019).
No doubt that AI's contribution in autonomously handling talent acquisition time-consuming and
costly tasks is considered a distinctive elevation of IT role within HRM in general and specifically the
talent acquisition functions. This increased reliance on AI and changes in IT roles are argued to
significantly alter the conventional talent acquisition methods, redefine recruiter’ competencies, and
impact the competition level of HR acquisition. Consequently, researchers, organizations, and
policymakers are urged to dedicate enough efforts to understand this phenomenon and prepare these
transformations within IT roles within HRM. While HRIS and e-HR adoption have received observable
research interest (Kovach and Cathcart, 1999; Kovach et al., 2002; Ngai and Wat, 2004; Florkowski and
Olivas-Luján, 2006; Strohmeier, 2007; Teo, Lim and Fedric, 2007; Voermans and Van Veldhoven,
2007; Al-Dmour, Love and Al-Zu’bi, 2013), there is an observable research gap concerning the of AI
in talent acquisition adoption determinants and predictors. Therefore, this study aims to investigate HR
leaders’ attitude toward AI application in talent acquisition and the role of the perceived relative
advantage and trust as a predictor of HR leaders’ attitude toward its adoption. Moreover, measure the
association between the perceived AI applications credibility, reliability and technical competence with
trust.

2. STUDY MODEL
To achieve the study objectives A conceptual model has been developed, Figure 1. illustrates the
study variables and the hypothesised underlying relationships.
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Figure 1. Study Model
2.1. TECHNOLOGY TRUST
Trust is associated with any degree of uncertainty. In General, trust is defined as the “psychological
expectation that a trusted party will not behave opportunistically, and the willingness of a party to be
vulnerable to the actions of other parties” (Kim, Shin and Lee, 2009). The trust relationship has several
elements among which interdependency, willingness, expectations, and risk (Kim, Shin and Lee, 2009).
From the IT adoption perspective, it is argued that an Individual’s trust is a significant predictor of It
innovation acceptance and adoption behaviour (Cody-Allen and Kishore, 2006). Due to the rapid leap
of IT roles and advancement, understanding users' trust in technology has become essential for the
successful implementation and development of IT innovations (Mcknight and Chervany, 2002; Casey
and Wilson-Evered, 2012). Consequently, several IT innovations adoption studies (Lee and Turban,
2001; Gefen, 2002; McKnight, Choudhury and Kacmar, 2002; El-Khatib et al., 2003; Pavlou, 2003;
Gefen, Karahanna and Straub, 2003; Cody-Allen and Kishore, 2006; Parasuraman, Sheridan and
Wickens, 2008; Kim, Shin and Lee, 2009; Luo et al., 2010; Yusoff, Ramayah and Othman, 2015; ElMasri and Tarhini, 2017) have investigated the influence of trust on the adoption decision.
As an effort to explain the phenomenon of technology trust, heterogeneous research contributions
have been produced, thus their effectiveness in achieving this purpose is controversial. However, it is
noticeable that some models have consistently appeared in organizational trust research such as (Mayer,
Davis and Schoorman, 1995) trustworthiness factors model. Mayer et al., (1995) identify three beliefs
of trustworthiness namely: benevolence, competence, and integrity. Benevolence is the belief that
trustee intention to act in favour of trustor aside from solely seeking profit, competence is the belief that
the trusted party has the capability, skills, and characteristics to deliver the required result, while
integrity is “the trustor's perception that the trustee adheres to a set of principles that the trustor finds
acceptable” (Mayer, Davis and Schoorman, 1995). However, some other studies (Lippert and Swiercz,
2005; Thatcher et al., 2011) have argued that using organizational interpersonal trust theories (e.g.
Mayer et al., (1995) Trustworthiness factors model) in technology trust context is doubtful because of
the difference in directionality and predisposition between interpersonal and technological trust
relationship. Therefore, alternative dimensions of trust have been introduced to better fit the human-IT
trust context. Table.1 summarizes some of these contributions.
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Study
(Lippert and
Swiercz, 2005)
(Lee and Moray,
1992)
(Söllner et al.,
2011)
(Thatcher et al.,
2011)
(Hasan,
Krischkowsky and
Tscheligi, 2012)

Table 1. Technology Trust Models
Model
Context
Trust in Information
HRIS
Systems Technology (TIST)
Explanation and Prediction
for The Formation of Trust
Trust in information
Technology

Dimensions IT Trust
Predictability, Reliability,
Utility
Performance, Process,
Trust in Automation
Purpose
Performance, Process,
Trust in IT Artifacts
Purpose
Knowledge
Functionality,
Management Systems Predictability, Helpfulness

user-centred Trust (UCT)
Model

Trust in Software
Systems

Functionality, Helpfulness,
Reliability

Trust in Autonomous
Vehicle

System Transparency,
Technical Competence,
Situation Management

Human- Machine Trust

(Choi and Ji,
2015)
Source:

It is argued that AI talent acquisition applications present major alterations of the conventional hiring
methods and it is proclaimed that it promises to improve the efficiency and quality of talent acquisition
such as human errors and bias. However, some allegations about AI's ability to become biased (Hurlburt,
2017), urges the necessity to investigate HR Leaders’ and users’ trust in AI in talent acquisition.
Robinson, (2018) qualitative study assessed the attitude of HR practitioners toward AI in hiring by
interviewing HR practitioners at different levels (executives, recruiters, HR information systems
analysts) at international organizations headquartered in the North-eastern region of the United States.
The study addressed the notion of AI application trust and the interviewees have expressed high
concerns and conservative attitude. This study utilizes the earlier well-supported conceptualization of
IT trust to investigate the determinants of HR leaders’ trust in AI in talent acquisition and its influence
on their attitude toward adopting these applications (see Figure 1). Three beliefs have been defined as
predictors of trust, the first is Technical competence of which reflects HR leaders’ perception of AI
capability and competence to produce the expected results when autonomously process time-consuming
talent acquisition tasks. The second is the HR leaders’ belief about AI reliability in terms of delivering
consistent and predictable results. Lastly HR leaders’ belief about AI credibility reflect its adequacy,
compliance with ethical practices such as privacy, and biased concerns.
2.2. Relative Advantage
Relative advantage is defined as “is the degree to which an innovation is perceived to be better than
the idea it supersedes” (Rogers, 2003). Studies (Ramamurthy and Premkumar, 1995; Premkumar and
Roberts, 1999; Wang, Wang and Yang, 2010) have emphasized Relative advantage as the strongest
characteristics of innovation of which predict the IT innovation's acceptance and adoption decision. It
means that the higher the perceived gained the relative advantage of an IT innovation, the more likely
to adopt it. These advantages are most likely in terms of gained social and benefits, increased comfort
and security, facilitating the decision-making process, or generally enhanced efficiency (Rogers, 2003;
Lin and Chen, 2012). Previous investigations (Teo, Lim and Fedric, 2007; Parry and Wilson, 2009; Low,
Chen and Wu, 2011; Ahmer, 2013; Oliveira, Thomas and Espadanal, 2014; Chaveesuk and Horkondee,
2015; Yang et al., 2015; Martins, Oliveira and Thomas, 2016; Puklavec, Oliveira and Popovič, 2018;
Zaied, Grida and Hussein, 2018) have shown relative advantage as a significant predictor of business
intelligence, HRIS, and cloud computing, and other IT innovation adoption. This study aims to
investigate the influence of relative advantage on HR leaders’ trust and attitude toward adopting AI
talent acquisition applications. The study hypotheses are presented in Table 2.
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Table 2. Study Hypotheses
H1: Reliability influences HR leaders’ Trust in AI in talent acquisition.
H2: Credibility positively influences HR leaders’ Trust in AI in talent acquisition.
H3: Technical competence positively influences HR leaders’ Trust in AI in talent acquisition.
H4: Relative Advantage positively influences HR leaders’ Trust in AI in talent acquisition
H5: Relative Advantage positively influences HR leaders’ attitude toward the adoption of AI in talent
acquisition.
H6: Trust positively influences HR leaders’ attitude toward the adoption of AI in talent acquisition.
Source:

3. METHODS
3.1. PARTICIPANTS AND PROCEDURES
To empirically investigate the study hypothesized relationships, the online survey methodology was
used. This study targeted population is HR Leaders who are considered as HR policymakers and holds
specific predefined senior positions within the organization. The sample was drawn from the HR
professionals’ network in the Middle East at the LinkedIn professional network platform (PNP). Table
3. illustrates the set of criteria in which were hired to define the target population.
Countries
Position Title
Profile language
Other Criteria
Source:

Table 3. Criteria for Defining the Targeted Population
Jordan, Kuwait, Qatar, Saudi Arabia
HR Manager, Senior HR Manager, HR Director, Chief Human
Resources Officer (CHRO)
English
Defined employer (unambiguous employment status)

Using the defined filtering criteria, the size of the sample frame of HR leaders was 8200 which
stratified into four stratums based on the country of employment. Referring to Sekaran & Bougie, (2016)
scientific guideline for sample size table, a population size of 8000 to 9000 elements requires a minimum
sample of 368, hence, Sekaran & Bougie, (2016) argued that for most research, sample sizes of more
than 30 respondents and less than 500 is appropriate. The questionnaire was sent online throughout the
month of Jul-2020 to one thousand HR Leaders drawn from the defined population stratums using a
systematic disproportionate stratified random sampling and a total of 389 valid responses received.
3.2. INSTRUMENT
The instrument was developed based on previous IT innovations adoption studies where the validity
and reliability of measurements have been consistently exhibited (see Table. 4), however, measurements
were slightly revised to fit the research context.
Table 4. Instrument Measures
Variables

Items

Relative Advantage (RA)

5

Reliability (RLA)
Credibility (CRD)
Technical Competence (TC)
Trust (TRS)

4
4
4
3

Attitude Toward AI adoption (ATT)

6

Total

Scale

Likert Scale
(1= Strongly
disagree; 5=
strongly
agree)

Sources
(Teo, Lim and Fedric, 2007; Martins,
Oliveira and Thomas, 2016)
(Thatcher et al., 2011; Choi and Ji,
2015)
(Venkatesh et al., 2003; Voermans and
Van Veldhoven, 2007)

26

Source: Authors’ Construction
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4. ANALYSIS AND RESULTS
To analyse the study's qualitative primary data, this study employed the Covariance-Based Structural
Equation Modelling (CB-SEM) technique. CB-SEM is a commonly used method for assessing
relationships among path models and it facilitates the opportunity to perform path-analytic modelling
with multiple constructs (Hair, Gabriel and Patel, 2014). SEM technique has several advantages among
which its effectiveness in analysing associations between multiple variables and allows eliminating
weak measurement to reduces the level of errors within the model (Hair, Gabriel and Patel, 2014).
4.1. Reliability and Validity
Two phases of statistical analysis are performed. The first to examine the validity and reliability of
the measurement scale, a confirmatory factor analysis (CFA) was performed. At first, factor loadings of
each observed indicator on their underlying observed constructs were examined to validate the
measurements' internal consistency. (Chin, 1998; Hair, Gabriel and Patel, 2014) items loadings above
the 0.6 threshold are considered sufficient. Items Loading ranged from the lower value of 0.639 for the
RLA1 indicator to the higher loading value of 0.922 for the RLA2. Hence, all indicators’ standard
loadings have met the rule of thumb value at 0.6 threshold at p<0.000 significance which indicates that
the factors extract sufficient variance from that measurement variables. Additionally, to validate the
instrument reliability and convergent validity, Cronbach’s α, Average Variance Extracted (AVE) and
Composite Reliability (CR) Coefficient were extracted. Researchers recommend that to confirm scale
reliability the rule of thumb value of Cronbach’s a is above 0.7, while the confirmatory value for CR is
higher than 0.8 threshold, and 0.5 for AVE (Bagozzi and Yi, 1988; Hair, Gabriel and Patel, 2014).
Illustrated in Table 5. The study variables Cronbach’s α have met the rule of thumb value of 0.7 and the
overall α value for the study instrument is 0.968. further, the AVE and CR values for the study variables
have met the confirmatory value of 0.5, 0.8 respectively. Accordingly, based on these outputs the study
instrument internal consistency, reliability, and convergent validity have been confirmed.
Table 5. Validity and Reliability Measures
Item
loadings
Cronbach’s Alpha (α)
ATT1
0.648
ATT2
0.891
ATT3
0.889
Attitude Toward AI adoption
0.944
(ATT)
ATT4
0.866
ATT5
0.753
ATT6
0.915
CRD1
0.889
CRD2
0.693
Credibility (CRD)
0.846
CRD3
0.655
CRD4
0.793
RLA1
0.639
RLA2
0.922
Reliability (RLA)
0.845
RLA3
0.762
RLA4
0.676
TC1
0.718
TC2
0.645
Technical Competence (TC)
0.851
TC3
0.806
TC4
0.903
TRS1
0.774
Trust (TRS)
TRS2
0.732
0.852
TRS3
0.685
RA1
0.862
Relative Advantage (RA)
RA2
0.881
0.908
RA3
0.819
Factor
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CR

0.693

0.930

0.582

0.846

0.574

0.841

0.599

0.855

0.535

0.801

0.666

0.909
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RA4
RA5
Overall Alpha (α)

0.729
0.781
0.968

Source:
4.2. Relationships and Hypothesis Testing
The Second phase of statistical analysis was evaluating the SEM and test the hypnotized relationships
between the study constructs using AMOS. 21 SEM. A bootstrap with 500 samples was executed and
the hypothesized relationships between the study constructs were tested by measuring the Standardized
regression weight (β), standardized error; (SE), critical ratio (CR), and their significance levels (p). As
shown in Table 6, The lower standardized path coefficient is at the value of -0.106 for the significant
negative relationship between employee Relative Advantage (RA) and Trust (TRS) while the higher
coefficient is 0.731 for the significant positive relationship between the Technical Competence (TC) and
Trust (TRS). Among the sixth study hypotheses, H1, H2, H3, H5, H6 are supported, while H4 is rejected
(see Table 6).

Hypotheses
H1
H2
H3
H4
H5
H6
Source:

Table 6. Relationships and Hypothesis Testing
Predictors OF Trust (TRS)
Construct
Estimate S.E.
C.R.
Reliability (RLA)
0.591
0.058
10.253
Credibility (CRD)
0.159
0.025
6.454
Technical Competence (TC)
0.731
0.058
12.68
Relative Advantage (RA)
-0.106
0.024
-4.443
Predictors of Attitude Toward AI adoption (ATT)
Relative Advantage (RA)
0.226
0.041
5.472
Trust (TRS)
0.362
0.058
6.204

P
***
***
***
***

Result
Supported
Supported
Supported
Rejected

***
***

Supported
Supported

4.3. Discussion
This study aims to investigate the adoption predictors of emerging AI applications in talent
acquisition. Specifically, the study has tackled the phenomenon of technology trust in these applications
from HR leaders’ perspectives. At first, the study investigated the level of significance between
Reliability (RLA), Credibility, Technical Competence, and the perceived Relative Advantage and HR
leaders’ trust in AI applications. Secondly, the association between Relative Advantage and Trust with
HR leaders’ attitude toward the adoption of AI in talent acquisition. In general, the independent variable
(ATT) mean value (3.89, max=5) reveals that HR leaders have a relatively high positive attitude toward
AI application in talent acquisition. Also, among the study variables, the higher responses mean value
of 4.01 is for the relative advantage variable which reveals that HR leaders perceive AI applications as
highly advantageous. Moreover, a mean value of (3.95) for the trust factor indicates that HR leaders
possess a high degree of trust toward AI application in talent acquisition. Among the mean values for
the trust predictors (reliability, credibility, technological competence), reliability had the higher value
of 4.00 which reveals that HR leaders perceive AI as a reliable and predictable tool. The mean value for
credibility predictor is 3.97 which also considered an optimistic stance about AI credibility. Lastly,
among the trust predictors, technological competence has had the lowest mean value of 3.91, hence, it
is considered a positive belief about AI application competence.
Confirming H1, results show that reliability is a significant predictor of trust β=0.591 at p=0.000.
this result reveals the extent to which HR leaders perceive AI as predictable and consistent, and their
capability to forecast its operating methods for a specific talent acquisition task significantly and
positively influence their trust in it. Likewise, results support the credibility significant positive
prediction of AI trust at β=0.159 at p=0.000. This result indicates that the higher HR leaders’ perception
of AI adequacy, accuracy, truthfulness, integrity, and non-biased processing of talent acquisition tasks,
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the more they trust it and confirming H2. Technological competence measured the HR leaders’ belief
about AI proficiency and effectiveness in autonomously handling talent acquisition tasks such as
applicants sourcing, screening, and shortlisting. Confirming H3, the result revealed that technological
competence is the strongest significant positive predictor (β=0.731 at p=0.000) of HR leaders’ trust in
AI applications in talent acquisition. This result is consistent with previous studies (Gefen, 2002;
McKnight, Choudhury and Kacmar, 2002; El-Khatib et al., 2003; Gefen, Karahanna and Straub, 2003;
Cody-Allen and Kishore, 2006; Parasuraman, Sheridan and Wickens, 2008; Kim, Shin and Lee, 2009;
Yusoff, Ramayah and Othman, 2015; El-Masri and Tarhini, 2017) which have confirmed the Trust as a
predictor of IT adoption. A positive influence of relative advantage on HR leaders’ trust was
hypothesized, thus, contrary to our expectation the results have revealed a negative relationship rejecting
H4.
The second objective of this study was to investigate the relative advantage and trust influence on
HR leaders’ attitude toward the adoption of AI in talent acquisition. Confirming previous studies of IT
innovations adoption (Teo, Lim and Fedric, 2007; Parry and Wilson, 2009; Low, Chen and Wu, 2011;
Ahmer, 2013; Oliveira, Thomas and Espadanal, 2014; Chaveesuk and Horkondee, 2015; Yang et al.,
2015; Martins, Oliveira and Thomas, 2016; Puklavec, Oliveira and Popovič, 2018; Zaied, Grida and
Hussein, 2018) and the hypnotized relationship, relative advantage has a significant positive influence
(β=0.226 at p=0.000) on HR leaders’ attitude toward the adoption of AI. This indicates that when HR
leaders perceive AI applications as helpful in terms of improving talent acquisition productivity,
efficiency, quality, and competitive power, they would have a positive attitude toward its adoption.
Besides, for the trust factor, it has been found that trust is a significant positive predictor (β=0.362 at
p=0.000) of attitude toward AI adoption which supports the H6.

5. CONCLUSIONS
This study addressed the phenomenon of HR practitioners’ trust in emerging AI applications in talent
acquisition. This study empirically contributes to IT innovations adoption research and the HRIS
diffusion and adoption theory. It is concluded that HR leaders have a positive attitude toward the
adoption of AI applications in the talent acquisition function. Additionally, HR leaders perceived it as
highly advantageous and this perception positively influenced their attitude. Further, it is concluded that
HR leaders possess high trust in AI-based talent acquisition solutions and that their perception about its
reliability, credibility and technical competence are significant predictors of this trusting belief. These
conclusions confirm the general tendency of increased reliance on AI and machine learning within
business operations. Moreover, the continuance emerging dependence on AI and automation in
processing time-consuming talent acquisition tasks support the proposition of augmented intelligence in
HRM. This transformation in IT role might compose a competitive threat for organizations that lag
behind and may hinder the organization's ability to acquire and retain qualified HR. Therefore, HR
leaders and policymakers are urged to remain informed about AI development research, market adoption
practices, and the potential influence on HRM.
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ABSTRACT
This study aim is to creates preliminary investigations of the impact of implementing
modern technologies on companies’ overall development and productivity. In order to
attain the goals, a qualitative methodology has been conducted by using a case study
method. The case study took up a Jordanian company and applied some modern
technology in their strategy development. Toward obtaining an in-depth comprehension
of their impacts on reality. Along with discovering new opportunities can be used for
other researches in the future. The study provides a clear understanding and incorporation
of the managers and employees who participated in this investigation directly as key
stakeholders. As well as it played an important role in developing a Jordanian company
by applying new methods in marketing, improve communication, leadership skills used,
and improve overall productivity.

1. Introduction
Modern technology plays an important role in the firms’ management, as it has become a basic
element for successful and sustainable business. Companies' main target is to make a high profit
(Jones 2018). Recently, companies trying to develop machines and techniques due to the increase of
awareness about the importance of using technology in management. Many studies claim that modern
technology has positive effects on companys' productivity, through saving human effort making their
job easier, save time and cost by utilizing AI-applications, Automation, and software’s which takes
place instead of human or works alongside them (Friar & Balachandra 1999; Camiña, Díaz-Chao &
Torrent-Sellens 2020; Paschen, Pitt & Kietzmann 2020). Also, according to Meteab, Sadiq and
Hadrawi (2020); Goh, Heng and Lin (2013) they mentioned that companies should use modern
technologies because of their effect on customer behavior, they also claim that communications
channels have improved between customers and the firms due to the applications of modern
technologies, which made it easy to access at any time. In addition, the technology supports the
business to save time, cost and improve the communication channels between employees through
using programs like CRM (customer relationship management), AI (Artificial Intelligence)
applications and various social media applications like Skype, Facebook, Twitter, and Instagram.
Further, it has an effect on the marketing sector by making it more widely with less cost and helps to
develop performance measurement methods (Makarius, Mukherjee, Fox, J& Fox, A 2020; Davenport
& Kirby 2015; Davenport, Guha, Grewal, & Bressgott 2020). To enhance growth for firms' future it is
essential to understand what is coming next. It is important to understand the capability of
technologies in developing the business (Huang & Rust 2018). Canhoto and Clear (2020) stated that
the leaders are responsible to estimate the risk of implementing the technologies to avoid any negative
consequences or delay of the technological adoptions. The aim of this research is to investigate the
impact of implementing modern technologies on companies’ overall development and on productivity.
In order to achieve the aim, a qualitative methodology has been conducted using a case study method.
The article dived to into five sections as the following: the next section is the literature review, section
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three is the research methodology, section four present the case study. The last section is the
conclusion.

2. Modern technologies comprehensible and applications
Modern technologies such as AI can be found in all our life aspects. Starting from our daily life up
to work environments, such as smartphones, washing machines up to Robotics, self-driving vehicles,
and automation. It is becoming crucial to understand and research how to deal with this technological
development. Specifically, the change in the work environment requires us to be prepared for the new
job requirement (Huang & Rust 2018). Artificial Intelligence the most controversial technological
achievement of modern times. In many ways, the magic of AI is that it is not something you can see or
touch. You may not even realize that you are using it today. When your phone automatically corrects
your grammar or when a Tesla car navigates a road autonomously–that’s AI at work (Wysocki 2011).
Recently Computers began carrying out typically human things like seeing and hearing, which they do
as good as, if not better than humans (Russell & Norvig 2002). Nilsson (2009) defined it as “Artificial
intelligence is a branch of the computer science field in which scientists are attempting to develop
enhanced intelligence within computer systems”. As well Haugeland (1989) defined AI as “The
exciting new effort to make computers think machines with minds, in the full and literal sense”. The
applications of AI are numerous and ever-increasing. As they can be found in household work,
farming, manufacturing, medical care, banks, insurance companies, schools, and universities almost
everywhere (Purwanto, Kuswandi & Fatmah 2020; Winston 1993; Makarius, Mukherjee, Fox, J&
Fox, A 2020; Wheeler 2020; Ivanov, Kuyumdzhiev & Webster 2020). For example, Google can
recognize exactly which things are present on an image and Siri can understand what you are saying
(Brill, Munoz & Miller 2019). Many applications can support the business process such as intelligent
robots, machines' automation, software, digital assistant, chatbots, social media applications, feedback
forms, etc (Brill, Munoz & Miller 2019; Baier, Rese & Röglinger 2018). This article investigates the
effect of using social media applications, quality assurance scores, and Scorebuddy software, and other
tools. To build a base for the technological tools and applications that shows their impact on firms'
development, as mentioned in section four.
2.1. The benefits and the challenges of modern technologies
In the social domain, technologies strengthen the economy through supporting a progressive
evolution in the job market that integrates humans and machines, which will be the new common in
the workforce of the future. As well as enhancing our lifestyle, by creating more efficient businesses
and health care. (Russell & Norvig 2002). However, according to Novakova (2020) study that
mentioned if integrating machines will cause job loss without finding out a solution, which will result
in an overall market imbalance, due to the income loss which will affect the business demands and
workforce market. In the personal domain, it frees up people to do the interpersonal and creative
aspects of the work, as machines can do tedious tasks instead of humans and make the jobs easier.
Also, improving the living standers. (Friar & Balachandra 1999; Ivanov, Kuyumdzhiev & Webster
2020). Although technologies can improve efficiency, productivity, save time and money, and more
accurate results. It is essential to take into consideration safety, legal decision-making, privacy, and the
unemployment rate (Guihot, Matthew & Suzor 2017). A clear benefit of AI can be found based on our
mature use of it (Russell & Norvig 2002).
3. Methodology
The aim of this article is to investigate the impact of implementing modern technologies on
companies’ overall development and on productivity. A qualitative methodology was chosen to
achieve the goals of the research. The data have been collected by using a case study method. Denzin
and Lincoln (2005) defined qualitative research means as “a situated activity that locates the observer
in the world. It consists of a set of interpretive, material practices that make the world visible” while
doi: 10.17700/jai.2021.12.1.597
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Miles and Huberman (1994) defined qualitative research as a “source of well-grounded, rich
descriptions and explanations of the process in an identifiable local context.” According to Denzin
and Lincoln (2005), the qualitative query needs to be related to the research model even if it is positive
or explorative and links the data to the research model that strengthens the efficiency of the qualitative
research. Meeting, observing the participant and, communications consider as qualitative methods that
can provide us with rich information and data. The methodology includes two sections. The first part
is data collection, and the second part is a case study applied in a specific company in Jordan. The data
collection includes two phases the first one by using research databases such as ScienceDirect,
GoogleGate, Google Scholar, Elsevier, EBSCO Discovery Service (UDiscover), Scopus, ProQuest,
Web of Science. In addition, to the data which was through interviews, questioner, and observation in
the company. Moreover, the case study's first step was defining the company diagnosis by using
SWOT analysis, Ishikawa Diagram, Problem, and Cause Analysis, and Pareto analysis where the data
were collected from the employees and the leaders by using questionnaires. Case study methods
consider a good option that could provide deep investigation and reveal unknown information,
subsequently provide a better understanding of suitable technology for the Jordanian company. It is
important to consider that the case study chosen in this paper is based on the study gaps and problems.
In the case study, the most important point is to highlight that it can understand certain phenomena
with a clear understanding and generally there is not systemically sampled. The sample includes 60
volunteering participants consist of the management and the employees. According to Merriam and
Tisdell (2016), they mentioned that the number of samples in a qualitative study does not matter, as
the number presents the possibility of each participant contributing to the development of prudence
into accepting the phenomenon. Since a statistical outcome is not the main objective of qualitative
research. Therefore, a small sample is possible in qualitative research These above points justify the
small number of cases used in this paper.

4. Case study: analysis of the company
The case study has applied on a water desalination company located in Jordan. Which primarily
works in water treatment field and produces bottled water and delivers it to customers, as the tap water
is undrinkable there. The case study analyzed Jordanian company that was struggling with decreasing
in revenues, communications conflict, and other problems. To find out the reasons behind the
problems. The first step was to collect the data about the situation from the previous reports. Then
conducted a questioner and analyzed it. Furthermore, categorize it to internal strength and weakness,
external opportunities, and threats with taking into consideration the other factors such as politics,
economics, society, and technology that affect the company operating system. The next step was to
define the problems and analyzed the causes and consequences by using Ishikawa, Pareto diagrams,
and other Methods. In addition, the study implements a different type of modern technology, matrices,
methods, and tools to develop the company’s goals by utilizing indicated development plan. As the
following a SMART analysis conducted using new methods for marketing. In the beginning, the team
started to use social media applications like Facebook for advertisement and using Skype for
communication channels between the employees them-self and the leaders. As well as the leaders start
to use the digital assistant that supports them and makes the work easier. Also, they started to have a
monthly survey test that helps the leaders to check performance and quality as well as create a new
incentive system using KPI (key performance indicators) that checks the quantity, quality of the work
in order to improve the work overall productivity. The last part was comparing the data before and
after applying the development plan for six months. All the steps, tables, graphs, information are
explained in detail in the case study below.
Organizational Diagnosis analysis
SWOT analysis purposes to diagnose the strength and weaknesses within an organization and
determine the opportunities and threats in the surrounded environment. According to Dyson (2004), he
defined "SWOT analysis is an established method for assisting the formulation of strategy”. The
SWOT analysis data have been collected from a questionnaire that included the leaders and the
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employees. The analysis results summarize the following, the strengths include experienced
employees, good division of the company, and availability of raw materials. However, the weaknesses
highlighted the lack of communication, weak marketing strategy, as well as the lack of implementing
modern technologies. Moreover, the opportunities could be expanding and opening new branches,
improve prosses and improve the efficiency of the work. The Threats reflect the economic crisis or
disasters, customer loss, and initiate new taxes.
Fishbone Diagram (Ishikawa)
The template below clarifies a cause-and-effect diagram, also called a Fishbone or Ishikawa
Diagram. Cox and Sandberg (2018) mentioned that the Fishbone diagram helps managers to find out
the root cause of the problems and why did it happen. The paper discusses the communication
problem found from the previous SWOT analysis questionnaire. Further, a brainstorm conducted to
find the major causes and the effect of the problem. After that, the suggested solutions have created
based on the Fishbone diagram which sorts the causes into specific groups to find out the most
affected ones.
Table 1. Problem and cause Analysis for the company
Problem 1: Lack of Communication
Problem 2: Absence of updated marketing
strategy
Causes:

Causes:

Poor leadership and technology
Spontaneous meetings

There is no specific team for that
Weakness in implementing the previous strategy

Personal issues in workspace
Lack of motivation and Poor teamwork

Using old methods for marketing
Lack of awareness of the market

Cultural diversity and Bureaucratic structure
Unclear goals
Insufficient equipment and roles not defined

Ignore the competitors
Poor and old technology

Source: 'Author's own work
Environment

Method
Roles Confusion

Cult ural Diversit y
Personal Issues in
Workplac e
Bureauc rat ic
St ruc t ure

Roles not defined
Spont aneous
Meet ings

Problem
Statement

Unc lear Goals
Lac k of
Communic at ion

Poor Leadership
Lac k of
Mot ivat ion

Insuffic ient
Equipment
Poor T ec hnology

Poor T eamwork

Manpower

Machine

Figure 1. Fishbone Diagram for the company
Source: 'Author's own work
Fishbone diagram analyzed the lack of communication problem by showing the causes of the
problem and categorizing them for four groups includes the environmental causes, methods, machines,
and manpower causes. The environmental causes include cultural diversity, the company structure,
and the workplace environment. For manpower, there were leadership and teamwork gaps and a lack
of motivation that can be solved by implementing more training and meeting as well as using
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communication applications, digital assistants, and software. The method causes show the job roles
and goals confusion for the employee while the Machines cause comprises the equipment capacity and
the poor technology usage that can be solved by renewing the machines and applications to support it.
Pareto Analysis
Pareto Analysis is a clear technique that can be used for prioritizing problem-solving work. The
first part of the work resolves many problems. It is based on the Pareto Principle also known as the
80/20 Rule the idea that 80 percent of problems may be caused by as few as 20 percent of causes
(Brooks, 2014). The research has selected one of the problems occurring in the company and
brainstormed some of the primary causes of it. Furthermore, each cause has scored according to its
severance. To generate sufficient data, a discussion session with leaders and employees created. In
order to obtain their opinions by creating a scoring system and each of them needs to score the most
affect cause. The participants' number was 60 and the scoring system depends on percent out of 100%.
The responses for the severity of each cause were recorded as below. The figure includes the
frequency on the left side and the cumulative percentage on the right side. As well as it displays the
lack of communication problem causes sorted based on their cumulative percentage and the frequency.

Figure 2. Pareto Chart for lack of communication problem
Source: 'Author's own work
Figure 2 indicated that the poor technology was the most scored cases with 83.3%, the insufficient
equipment causes 81.6% and poor leadership causes 68.33%, while the Bureaucratic structure cause
got 41.6% and the remaining causes were less than 30%. This concludes that an average of 27.2% of
the causes which are poor technology, insufficient equipment, and poor leadership has a major effect
on the problem of Lack of Communication. While the other causes the Bureaucratic structure, poor
teamwork, lack of motivation, unclear goals, roles not defined, spontaneous meetings, personal issues,
and cultural diversity with an average of 72.8% contribute as a minor cause. That leads us to focus on
finding the solution for the major problem causes.
Tools and Methods towards Development
SMART Method analysis to achieve goals. Goals must be SMART which refers to Specific,
Measurable, Attainable, Relevant, and Timely (Bovend'Eerdt, Botell, & Wade 2009). For the actual
result the measurement scale categorized into four groups as the following: Better result from 80100%, Good result 70-80%, Satisfactory 50-70%, and Unsatisfactory<50%
Table 2. SMART Methods for the expected result for the company
Desired results
Plan
Actual scale
Average
categories
value
Improve the marketing
Apply new technology such
Good result
methods and technology
as social media and software
75.4%
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Increase the profit
Decrease the cost for the old
marketing methods
Improve the work efficiency
and quality through use new
machines
Make the work easier and
communicate easily with all
employees
Save time and efforts
Improve and develop the
leadership skills for the
management
Discover the mistake and
solve it easily
Clear job description for
each employee
Create new marketing
strategy

New technology and
machines
Stop using the paper and use
the online advertisement

Unsatisfactory

Measure the quality of the
new product with the new
machines and compare it
with the old result
Through using digital
assistant and Communication
system
KPI (Key Performance
Indicators), QA score
Survey (questionnaires), test

Satisfactory

46.7%

Better result
84.4%
64.6%
Better result

88.6%

Satisfactory

65.4%

Better result
91%

5S (five step technique that
Satisfactory
include Sort, Simplify, Shine,
Standardize, Sustain) matrix
Survey (questionnaires), test Better result
SWAT analyses

Satisfactory

61.4%

94.2%
63.4%

Source:'Author's own work
This deduces that the better-expected results were in clarification the job description, develop the
leadership skills, improve communication channels, and decrease the cost for the previous marketing
methods with a range between 80%-100%. For the good results, this paper shows improvement in
marketing methods and technology with a range between 70%-80%. The satisfactory results include
improvement of the work efficiency and quality, save time and efforts, discover the mistake, and solve
it easily and generate a new marketing strategy with a range between 50% -70%. As well as the
unsatisfactory expected result represent the increase of profit that was less than 50%. The firm applied
scoring systems and like Scorebuddy, tests, QA scores, and questionnaires which supported the quality
assurance department to monitor and evaluate the result regularly. Besides, they used Excel to sort the
data received from the scoring system and convert it to the average result as shown in table number 2.
This concludes that the most effective results are making clear job descriptions for the employees with
an average result of 94.2%. Also, Improvement of leadership skills with an average result of 91%. And
88.6% improvement in communication channels. For marketing development methods with an
average result of 84.4%. However, the most challenging part was to increase the profit with an average
result of 46.7%. In addition, discover the mistakes and challenges with an average result of 61.4%,
while the other results were between the average 63.4% - 65.4%. Accordingly, through utilizing
modern technology applications, and tools such as Scorebuddy software, KPIs, QA scores, digital
assistant and social media application like Skype, Facebook, Twitter, and Instagram. Subsequently, the
company has experienced a relatively successful development.
5. Conclusion
The aim of this research is to investigate the impact of implementing modern technologies on
companies’ overall development and on productivity. In this regard, a research strategy was used to
address the study goals, starting with data collecting which supports discovering the challenges and
gaps in the company and investigated the reason behind that. Further, based on the previous analysis
results, suitable technology and software have been conducted to support firm needs. Moreover, the
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case study investigates the impact of the applied technology on the companies’ productivity. The
research provides a clear understanding and incorporation of the managers and employees who
participated in this investigation directly as key stakeholders. As well as this research played an
important role in developing a Jordanian company by developing new marketing strategies, improve
communication between employees and leaders, therefore improve overall productivity.
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