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Abstract. The purpose of the current study was to introduce a solution to support
small business to maintain its continuity and to grow its business in the
competition among other companies. Earlier knowledge reports the role of ERP
in managing business and points out ability to improve ERP systems later.
Current ICT-enabled tools enable efficient means to communicate with
customers and other stakeholders, and to add visibility of the companies. A
prototype for an ERP system was built utilizing an open source platform
WordPress and its ready-made plugins. Among other basic ERP features, the
solution offered tools for web publishing and a simple authentication system.
Based on the study, the chosen WordPress infrastructure seemed satisfactory for
small business needs.
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1 Introduction

The purpose of the current study was to introduce an efficient solution including
essential functionalities to support small business to strengthen its continuity and to
grow its business in the competition among other service providers. As the world is
more connected than ever before, the opportunity to start electronic business is
available globally also for micro size companies.

Small and medium-sized enterprises (SMEs) are often seen as acting similarly in
utilizing information technology (IT) despite their differing sizes. However, the
organizational and environmental conditions of their potentials to adopt IT differ. [1]
Globally, the role of SMEs is ever more seen as the backbone for economic growth.
SMEs provide job opportunities; they are significant goods suppliers and service
providers also for large enterprises. [2] In this paper, the focus is on small business.

Globally, digitization has emerged as a key driver that speeds growth and encourages
job creation. However, the role of digitization by country and by sector is not shared
evenly. Countries with developed economy experience high economic growth while
others tackle with challenges to see benefits brought by new technology and potentials
of digitization. [3]

The current research problem emerged from the comprehension that small business
needs to be competent among other actors to survive, and new solutions are needed to
spur performance, visibility and connectivity. There are possibilities to grow business
in the local country but even more abroad as emerging markets are adopting means of



mobile platforms (see e.g. [4],[5]). One of the valuable features of enterprise resource
planning (ERP) constructions is to identify critical needs in business processes than can
be assisted with ERP features and functions [6].

The research problem was solved by answering a research question: “How to build
an integrated e-commerce and ERP system for small business?” The solution was built
by applying design science research (see [7]). In the build, a prototype of the integrated
e-commerce and ERP system with WordPress was constructed, simulated and
evaluated. The main contribution of the study was to get a solution to be used in the
business of an existing software company, and to get a solution to be further tested in
wider environments in other business areas.

The paper continues by presenting earlier related knowledge, followed by describing
the actual research design and implementation, and ending by discussion and
conclusions.

2 Earlier Studies

According to a seminal paper of Greiner [8], business growth was seen as a continuum
of five phases: creativity, direction, delegation, coordination, and collaboration. While
growing, organizations faced stages of crisis such as crisis of leadership, crisis of
autonomy, crisis of control and crisis of red tape. An unidentified crisis appears when
the organization had achieved the most developed stage (collaboration). Greiner
updated his seminal paper in 1998 by adding that the five-phased continuum did not
consider knowledge organizations or service businesses that were to grow in future.

Developed and ever developing technology and innovation influence growth of
business in several ways. For instance, there are new tools enabled by new ICT to build
new services for communicating with customers and service providers, and to add
visibility of the enterprises. [9] In this sense, the role of ERP is crucial. In the
implementing phase, special attention should be in reviewing the pre-implementation
process, installing the right hardware and software and train users of the system. Data
accuracy should be also critically highlighted, and the ERP system improved
continually after its installation. [6]

Effective governmental actions are needed to produce fruitful infrastructures for new
innovative companies to build economic growth. The actions should focus on different
kinds of innovative entrepreneurship environments that foster new innovative ideas and
companies, and that collaborate with universities to transfer knowledge between
education and practice. There is not a single infrastructure that causes growth, but
companies should collaborate and combine infrastructures. Furthermore, the
policymakers should encourage companies to collaborate with technology centers,
incubators and universities, and get benefit entrepreneurship services offered by these
institutions. [10]

Due to digital disruption, the landscape of business has become more global and
interconnected, leading to increased competition with new rules in the markets [11].
The role of management is challenged by the need to monitor new tools and possibilities
to communicate with their partners and stakeholders, not to forget the customers.
Likewise, new kind of requirements and regulations related to e.g. environmental
opportunities need to be covered by the management. [9]



Internet-enabled e-commerce seems to develop with increasing pace, and business
practitioners need to consider updating their practices to meet new requirements set by
the business environment. The processes change, and stakeholders are waiting for
prompt responses according to their needs, enabled by means of internet and replacing
legacy manual activities. [12] However, there are automatic tools to support or facilitate
evaluation remotely [13]. E-commerce platform systems and applications have had a
unique impact on global business and sales, incomparable to any other innovative
development trend, especially in developing countries [14]. Infrastructure and cost are
critical factors in e-commerce growth. For small businesses, a cost-efficient e-
commerce platform can be one of the most important tools enabling them to offer their
products and services to clients and other businesses to survive in the digital world. [15]
If mobile usability is not respected in web design, it can cause significant issues for
mobile users leading to frustration and poor customer experience [5]. Furthermore,
increased staff awareness and skills in technology are important factors driving
motivation to get into e-commerce. What comes to technical infrastructure e-commerce
technology, network and internet speed infrastructures are crucial: if the e-commerce
platform is difficult to access and maintain, businesses and customers are not seeing it
a valuable part of their business. [15]

Current digital technologies are already seen spurring business in several ways like
applying social media, mobile, analytics or embedded devices to improve customer
experience, business operations or creating new business models [16]. There already
are several models describing business life cycle and how new business emerge and
grow. However, more research is needed to add knowledge about enterprises in
versatile areas and ways that support and spur business. A constructivist model building
on carefully chosen characters of earlier presented model and noting proposed stages is
expected to influence both business development and entrepreneurship research. [17]

Open source can allow companies to share and implement their information. In the
development of the web technologies, the open-source code has been a very powerful
force and has helped greatly in preventing excessive power from commercial groups
and companies. The transformation towards open source in design progress has also
helped to articulate more democratic and borderless design and development work in
the world of IT. [18]

The web-based open source platform was used by 30 % of the websites from small
business websites to large portal-type web applications used by, i.e., Mercedes-Benz,
Bloomberg, and Vogue [19]. WooCommerce is one of the most popular free WordPress
plugin to be installed on the platform to extend WordPress with e-commerce features.
The high popularity on WordPress has been leading the growth also in WooCommerce,
as it integrates quickly and naturally to the platform as a free plugin. [20]
WooCommerce was the most popular e-commerce platform and used over two million
sites around the world in 2017 surpassing other popular closed platforms such Shopify,
Magento Enterprise, and Oracle commerce [21].

Furthermore, societies and communities can expect notable economic benefits and
see significant social benefits if they build and foster digitization in their environments.
The improvement can be seen in increased productivity, new business, increased
employment and improved quality of life in the communities. [3] Mobile electronic
commerce and the popularity of the smartphone and public internet infrastructure
spending is increasing, especially in emerging markets such as in China and India. [4].



A recent study about the role of ICT in micro business in Kongo suggested that policy
makers in developing areas should promote mobile device, ICT training and micro
entrepreneurship to foster economic development, and that achievements in mobile
technology might add micro entrepreneurship to grow in many product branches. [22]
The role of SME:s is significant covering 99 % of all business in the EU. [23]

Small business can be referred to business, which is usually independently owned
and one of the many similar businesses in the marketplaces. It usually has limited
resources to operate and invest [24]. ERP systems are crucial for SMEs to collaborate
with bigger companies [25]. A recent literature review analyzed issues related with
coordination and responsiveness of SMEs and pointed out how IT applications have
been seen as important drivers in coordinating supply chains. SMEs have not adopted
supply chain management in their business and are thus facing problems related to
supply chains. However, more research is needed to improve several tasks such as
coordination and service quality. [2]

Successful e-commerce business is connected to the usability of the system. Google
analytics can provide evaluation and metrics that provide information about usability
problems in web-based e-commerce systems. Google analytics is cheap to use, and it
can be accompanied with other evaluation methods such as heuristic evaluation. The
cost of employing the evaluation in e-commerce websites is crucial whether evaluation
is done user-based, evaluator-based or software-based, such as Google Analytics.
Cheap and quick tools such as Google analytics can provide sufficient information
about usability issues. Using Google analytics in evaluation does not require specific
test users or questionnaires reducing the cost of usability research. [26]

3 The Study

In this section, the construction and development process of the prototype system is
explained. Design science research described by Hevner et al. [7] was applied because
one of the goals in design science research is that it should lead to a better collaboration
and work between the different audiences and parties allowing more different and
efficient designing to happen. The research should keep as its main objective creating
solutions to relevant business problems.

The system was built using open-source platform WordPress and customized to
achieve the desired outcome for prototype. Before starting to develop the system, it was
essential to understand what kind of features (plugins) small businesses would need
from the system. The needs would vary from business to business. It would be complex
for integrated e-commerce and ERP system to handle all diverse functions of both
product and service focused businesses. The current prototype was decided to be
limited for small businesses producing and selling physical products. The manufactured
products would be tracked in production management and then kept in the inventory
until sold in the e-commerce via public frontend.

To be utilized in small businesses producing and selling physical goods, basic
features of web-based e-commerce and ERP system were determined sufficient for the
scope of the study. These features included typical e-commerce product sales, payment
methods, customer database, administration, web frontend and contact forms with basic
ERP features such as production and inventory management supporting business



growth. Building the system from using open source also made it possible to add new
features to the system later. That also made it easier to optimize resources and costs
needed on implementation when it was not necessary to build or activate all features
and functions of the ERP all at once. Utilizing open source platform WordPress and its
ready-made plugins, it was possible to make the development work rapidly in nine
working weeks (Fig. 1).

Before the development was
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Fig. 1. The implementation plan for the system. platform, which formed the

backbone of the prototype
system. The first weeks mostly were used studying the WordPress platform, open
source community and testing various plugins followed by the customization done
mostly with PHP coding and visualizing the usability with CSS, JS and HTML coding.
The evaluation was done when the system was functioning with satisfactory e-
commerce and ERP features.

A standalone WordPress installation offered basic features for web publishing,
writing articles, pages and posts to be published online, and a simple authentication
system with different user levels and rights. For example, the administrator could allow
only certain users to publish new posts while the other users could only edit articles
without posting them. The authentication levels in the prototype were divided into two
user types, the business owner acting as Administrator and the e-commerce customer
browsing products and making purchases as a guest or a registered customer (Fig. 2).

The administrators had all

Business owner E-comimerce the privileges to update, add,
{sdministrator) customer . i .
_ and manage information in

the system creating new
products, pricing products,
I managing inventories and
productions and, also the
authority to create other
users. The customers could
make purchases, view past
orders and invoices, send feedback and returns, and edit their contact and delivery
information. The customers had no access to the backend of the system or any controls;
they only could make and monitor their own orders and send feedback with product
returns and manage their customer information.

Most features for the prototype system were found from WordPress plugin
repository and the rest were developed with custom PHP code. WooCommerce e-
commerce features could be extended with custom PHP code to support ERP features,
such as production management.

The simplest plugin to be utilized in WordPress could be a simple PHP file that could
be uploaded to the core file system. When the new script had been uploaded, it could
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Fig. 2. User levels and privileges.



be activated in the WordPress settings and functions of that module would become live
immediately. In the simplest case, the module could print out “hello world” to every
page or product of the system. However, usually, the modules are much more complex
and adding advanced functionalities to the platform. Developing plugins have created
even an entire industry to the web where plugin developers are selling their
developments. As 30 % of the websites were found to be using WordPress
(WordPress.org, 2018), it could be assumed that needs for different plugins were
enormous. Usually, the modules offered much more functionalities and actions to be
added to the base WordPress. One example of the module was the e-commerce platform
WooCommerce, which was enabled in the prototype (Fig. 3). The ERP functionalities,
such as production management, was developed as separate custom plugin to the
platform.

Plugins Add New Adding and managing plugins in
WordPress was easy via Plugin
management  settings. However,
adding unnecessary modules could
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system. Every plugin installation and
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Settings Deactivate Edit Translate .. .
well-educated decision to avoid
WPML Wordpress Multilanguage security threats and issues with
Settings Docs Support Deactivate Translate . e
reliability and speed. It was

purposeful to use only the plugins we
needed for the system. It was decided
to use only two additional plugins with WordPress, WooCommerce and WPML
Language plugin, and build the ERP functionalities by ourselves with PHP, JS, and
other web programming languages (see Fig. 3).

With customized plugin, the WordPress and WooCommerce combination could be
also extended to sell items not yet in inventory using a custom-made production
management feature not available in core WordPress or WooCommerce installation
(Fig. 4).

Fig. 3. Managing plugins in the platform.
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to In Production followed by Delivered when the batch of ready products has been sent
to the customers. When the business set the state to Delivered, the WooCommerce
automatically sent the PDF invoice to the customer, based on contact information in
CRM. This feature was very useful for businesses manufacturing and creating
something by themselves allowing them to keep in track of their production progress.

As mobile-friendly usability was important in the system, responsive design was also
designed to function at the interface of the production management system which could
be easily used via mobile or different handheld devices as it automatically adopted the
screen resolution. Custom-made features (like in Fig. 4) had to be visualized with CSS
and JS coding, as PHP is mainly a server-side language. Customized PHP, JS, and PHP
scripts formed a new WordPress plugin that could be installed in any WordPress using
the platform’s core plugin installation system (Fig. 3).

The installation steps getting the standalone WordPress platform running were
straightforward. It only required a simple open source web-server server setup with
Apache or Nginx with PHP and MySQL functions. Just in few minutes, the developer
could have a WordPress system running with web-based administration capabilities in
public web domain. After the installation, the business owner could install additional
plugins needed for the system to tailor it for various business needs, such as e-
commerce and ERP features.

However, as unsecured and non-professional WordPress installations could facilitate
serious security threats to be used by the hackers, such as unauthenticated file uploads,
object injections, and other exploits, instructions and suggestions given by the
WordPress.org and its development community were rigorously followed.

The prototype WordPress installation got installed to the virtual server running
inside one large dedicated server hardware (Fig. 5). This setup allowed to run multiple
WordPress installations in one physical server. By using virtualization, each WordPress
installation could be separated to own virtual servers for better security and reliability.
In case one of the WordPress installations would get hacked, not all the installations
would get compromised and the hardware server would stay safe. Usually this kind of
setup is common for commercial cloud providers, such as ClearWeb Cloud Provider
where the developer only rents the virtual server and pays for the resources used. The
web-hosting providers maintains the hardware (dedicated) servers at their secure
datacenters.

Cloudflare The databases were separated

Dedicated server \

Se 9 g6 from the virtual servers and held

‘| = on a separate server running only

2 [ [ virtuar MySQL databases of multiple

. ‘ = _ systems (Fig. 5). The WordPress

Web clent Prase . virtual servers were

communicating with the
databases using a private network
in the same physical data center.
This arrangement of separate web and MySQL server was implemented because
potential business growth could lead to higher page loads resulting increasing usage of
the server resources. For example, some WordPress plugins made a significant load to
the MySQL when a lot of various features were being used in a WordPress. To separate
WordPress file system and MySQL, each installation could operate and grow on its

Fig. 5. Hosting WordPress platform in a web server.



virtual machine with limited resources not affecting the other systems.

In the prototype, additional security layer was achieved by using free Cloudflare.com
service, which routed all the web traffic in and out from the WordPress web server.
Cloudflare.com protected web applications and websites using a powerful and
advanced framework processing the requests before they hit the server. For improved
security, reliability, and performance in prototype, the traffic was routed through the
Cloudflare.com network.

The evaluation of the constructed prototype was done according to guidelines of
Hevner et al. [7] who emphasized the importance of a consistent and accurate
assessment of the design process. The evaluation of the prototype took place in a
simulated environment, where the features of the system were examined regarding
functionality, usability, and efficiency. The evaluation was done manually by testing
features through one by one with notes and also the evaluation data was automatically
collected by using free Google Analytics platform that gathers data from browser
sessions.

In the construction phase, the evaluation of the utilization and usability in the
targeted context was done in a simulated environment, where all the features and
functions were tested through. The evaluation included testing and observing users
indirectly by letting them use the system and monitoring how they behaved in certain
situations. It appeared that all the features of the system were functioning at satisfactory
levels in desktop and mobile devices, which was the desired technical outcome of the
prototype system.

In the evaluation phase, frontend usability of WordPress was tested. WordPress and

many of its plugins supported mobile-friendly use, but extra work was required to
improve it for satisfactory levels. Smartphone usability was considered important when
developing systems for small businesses. As most of the small business users conduct
and operate their businesses in smartphones, desktop level applications may cause
issues for customers interacting with e-commerce platforms and ERP systems.
Google Analytics system was used to monitor how users browsed and interacted with
the system: on backend using the features from product creation, website management
to production and inventory management and CRM. The evaluation was followed by
the frontend usability testing by adding products to shopping carts and monitoring how
the customers checked out using selected payment methods.

By using the Google Analytics, it was possible to see which devices stayed on the e-
commerce frontend the most and bounced the less when using the system. The iPad and
Huawei users had the longest average session duration while the iPhones gave the most
concerning results. Google Analytics was mainly monitored from the public frontend
of the website to recognize the issues that e-commerce customers would face when
trying to make purchases in the system. Usability on the frontend was determined more
important than the usability on the backend because the income of the business owner
was directly linked the customer satisfaction and sales coming from the public e-
commerce section of the system.

The evaluation phase showed that it was important to keep the page loading time as
small as possible and usability good as possible. In the simulation, the many pages were
loading very slowly on mobile, resulting from a lot of unnecessary media (pictures,
CSS, JS) what were loaded to the screen. Fast and mobile friendly site would lead to



better customer satisfaction, longer session duration and finally increased sales which
was suggested for further development.

4 Discussion and Conclusions

The motivation for the study was based on an existing small company that offered
software services to its customers. The theoretical foundation was seen in the related
literature, where e-commerce and ERP systems were understood to be part of larger
enterprises meaning complex information systems. The purpose of the study was to
build a prototype of a functional and cost-effective system to be used by small
businesses when they grow their business by integrating open source e-commerce and
EPR features. Cost-effectiveness was one of the most valued requirements (see [15]).
The need for the solution was recognized in a Finnish software company ClearWeb.
After the study, ClearWeb utilized the system in its service offering.

The first guideline in design science research is that a concrete artefact should be
designed and developed [7]. This principle was achieved by designing and constructing
the system. Also, evaluation should be done with recognized and valid metrics that fit
the business environment where the product is designed [13]. The prototype evaluation
was arranged in a simulated environment, where the features of the system were
examined regarding functionality, usability, and efficiency. The data was collected
from software-based evaluation using Google Analytics platform that gathered data
from browser and server sessions. Evaluation using Google Analytics was determined
sufficient, as it provided satisfactory and quick results without additional costs. Cost of
employing the evaluation is crucial element in e-commerce evaluation [26].
Furthermore, the study produced new and innovative solutions that can be introduced
in the operating environment of the product: after the study, the prototype was
harnessed to a commercial software product in a real-world company ClearWeb.

In the study, we took the base of the free open source platform WordPress and started
expanding it towards e-commerce and more advanced ERP features with available free
plugins and custom PHP code. As WordPress was found open source software, it was
possible to utilize and customize it only for the cost of development work. Absence of
licensing expenses makes WordPress reasonable for small businesses to be connected
respectively to the concept of small business growth.

Small businesses could use WordPress platform system from the start of its business
(as a business website) well into its life with more advanced e-commerce and ERP
platform [19]. The ERP system selection should support the nature of the business
operations, not making it messy or hard to use [6]. In the evaluation phase, WordPress
and its plugins were found usable and practical from the view point of small businesses.

All ERP features and success factor from larger enterprises are not practical to apply
in small businesses as they can create complexity and other impractical technological
challenges in small businesses [1]. ERP system hardware and software should be
installed and mainly by the supplier’s developers and technicians [6]. The current study
showed that in WordPress, a skilled small business owner can do the installation and
work without additional support requiring very basic level technical skills. Likewise,
the WordPress system can be hosted in a virtual server in the cloud, without own server
hardware.
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One of the most significant factors in e-commerce success and growth is the used
infrastructure followed by reasonable costs of running and maintaining the system [15].
Based on the prototype of the current study, WordPress infrastructure seemed
satisfactory for small business needs, requiring no other investment than time and
interest as any other free open source software, as proposed by earlier knowledge [24].
However, some small server maintenance expenses were expected, but requirements
for those were also very reasonable using Nginx or Apache open source server software
and small server requirements.

Google Analytics suite has proven to be a valuable tool [13]. During our evaluation,
it appeared an efficient tool for assessing usage of the system and to see which devices
offered the best user satisfaction. The evaluation feedback from Google Analytics
pointed attention to improve system to level accessible also via mobile devices, helping
with integration into the daily lives of businesses using several mobile devices.

Future studies and efforts could be targeted to environments where users and
companies are in their early stages of utilizing means of ICT to promote their economic
development. Low-cost solutions such as WordPress-based platform can open fruitful
international possibilities to small business.
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