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ABSTRACT

The adoption of open-source software is growing, but at a slower rate than expected, despite its availability at no upfront cost.
This is due to various direct, indirect, and hidden costs associated with ownership. Hidden costs, in particular, have a significant
impact on the total cost of ownership, often outweighing direct and indirect costs. Understanding these cost factors is crucial for
stakeholders to fully assess the financial implications. The Gartner’s total cost of ownership theory was adopted for this study as
it is a well-grounded theory in matters software cost estimation. The research design that was applied in this study is the
explanatory sequential research design which involved the collection of both qualitative and quantitative data to better
understand the concept of hidden costs in total cost of ownership of open source software. The population for the study was 316
participants in the open distance and learning departments (ODEL) in universities in Embu and Kiambu counties. The sampling
technique used was the purposive sampling on the institutions that had customized and were using open source learning
management system. The resultant sample size was 62 participants. The instrument used for data collection was a likert scale
questionnaire. The data was analyzed using SPSS 24 and both descriptive and inferential statistics were applied on the collected
data. The results obtained showed a relationship between direct cost factors and indirect cost factors to the total cost of ownership
of open source software. Also, the hidden costs were identified as the greatest contributors to the total cost of ownership of open
source software. Highlighting these hidden costs is essential for stakeholders to better track and manage them. This study
contributes to the field by adapting Gartner’s original model of total cost of ownership to open-source software. The
recommendations for this study are that institutions should have a tracking mechanism for the cost factors of open source
software so as to be able to cut down on costs. Also, government institutions are encouraged to track the costs of open source
before choosing to adopt open source software.

Keywords: Adoption, Cost Factors, Learning Management Systems, Open-Source Software, Total Cost of Ownership

I. INTRODUCTION

Software refers to instructions instructing a computer or device on what to do. The software can be proprietary
or open source. This classification is based on how one acquired the software and the availability of its source code
(Asamoah, 2019). Proprietary software is software that one must pay to obtain, and its source code is not availed
publicly. For one to have proprietary software, the buyers must part with cash to obtain them. The source code is kept
private mainly because of the competitive nature of these software companies' businesses. Open-source software is a
type of software that can be obtained for free or for a small fee (Asamoah, 2019). OSS's source code is open to the
public. Open-source software is divided into two categories: desktop software and mobile application software.
Desktop open-source software is simply software used on personal computers and laptops (Kamau & Sanders, 2017).
On the other hand, open-source mobile application software is available on mobile devices. Institutions of higher
learning in Kenya have put the question of Information Communication Technology (ICT) closer to the heart. Major
institutions and organizations have got the aim of integrating ICT into their everyday life and making every aspect
digitized. With this increase and quest for technological advancement, various firms and even the state will want to
spend as little as possible on procuring ICT hardware and, most importantly, software (Kibuku et al., 2020) .In order to
increase profits and minimize costs; several organizations thus choose to use open-source software instead of
proprietary software.

Total cost of ownership of open source software (TCO) is defined as a tool that helps to account for all IT
related costs. It therefore summarily concludes that TCO is a total of budgeted and unbudgeted costs that are
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undergone throughout the lifecycle of IT equipment (Elsaid et al., 2021). In the recent past, only IT costs were added.
Various organizations are adopting the TCO model to help in budgeting. TCO is said to be a tool that can be used to
arrive at costs, for management, and for making purchasing decisions.

Institutions of higher learning in Kenya have put the question of technology closer to the heart. Major
institutions and organizations have got the aim of integrating ICT into their everyday life and making every aspect
digitized. With this increase and quest for technological advancement, various firms and even the state will want to
spend as little as possible on procuring ICT hardware and, most importantly, software (Kibuku et al., 2020) .In order to
increase profits and minimize costs; several organizations thus choose to use open-source software instead of
proprietary software. Several institutions are thus adopting open source software so that they cut costs which are often
attached to proprietary software (Kumar Jha, 2024).

Although open-source software (OSS) may help companies save a lot of money by doing away with license
fees, there are typically hidden expenses to consider when adopting it. Expenses like this usually manifest in places
like training, customization, and continuous support (Nagy et al., 2010). Staff may need specific training to operate
and maintain the new systems efficiently after OSS implementation. The training programs offered by proprietary
software providers are often extensive, whereas open source software (OSS) depends on community-driven resources,
which may not be as organized or easily accessible. This calls for more funding to be allocated towards creating or
acquiring suitable training materials and activities.

OSS may be customized to fit unique organizational requirements, it can be resource-intensive, but having the
source code available allows for customizable solutions. Expenditures tend to rise since this method often necessitates
employing competent developers to alter and integrate the program. In addition, future upgrades may not be
compatible with heavily customized versions, which might need more modifications. Support is available from OSS
communities via forums and documentation; but, enterprises that require quick answers may not be able to rely on this
decentralized help. As a result, businesses may have to set aside money for internal support teams or hire outside
vendors to fix technological problems as they crop up and keep systems running smoothly.

According to Bockelman (2017), conventional total cost of ownership (TCO) models for software often
overlook a number of indirect and hidden costs that could have a major influence on a company's total spending.
Training employees, tailoring the program to individual requirements, and providing continuous support and
maintenance all contribute to these expenses. To help firms better understand the whole financial impact of software
adoption and maintenance, Bockelman argues for TCO models that account for these ancillary expenses.

Another study by Han et al. (2021) focuses on hidden costs and says that they are often caused by
maintenance, customisation, and integration issues, which are brought to light in the research that focuses on the OSS
adoption landscape as a whole. When it comes to managing open source software (OSS) projects at major companies
like Baidu, these hidden expenditures may have a considerable impact on the total cost of ownership, which isn't
typically taken into consideration in initial cost evaluations (Han et al., 2021). According to the report, firms still have
to spend a lot of money on technical knowledge, employee training, and software modification to fit their individual
requirements, even though it may seem like a savings to not have to pay for licenses. The study points out that even
though the cost of open source software are less, there are hidden cost that are attached to it which may make it to be
expensive in the long run (Han et al., 2021).

1.1 Statement of the Problem

Undoubtedly, OSS adoption levels have risen over the years, and the challenge is not adoption anymore. There
has arisen a new concern (Kereu, 2024). The model for TCO determination by Gartner is the closest to accuracy to
measurement of TCO of software. It includes what is called cost factors and divides them into direct and indirect cost
factors (Kereu, 2024). It however leaves out the hidden cost factors. Ilyas et al. (2021) finds out that there are hidden
costs left out of the initial TCO models.

Enterprises risk making ill-informed decisions and incurring long-term financial constraints due to a lack of
knowledge about the hidden costs associated with open-source software (OSS) adoption. Due to its lack of license
costs, open source software (OSS) is sometimes positioned as an affordable substitute for proprietary software
(Grzegorzewska et al., 2021). The hidden costs of its adoption, including those for customization, support, and
training, are, however, often ignored or underappreciated by enterprises (Grzegorzewska et al., 2021). Poor financial
planning and budgeting may lead to this mistake, which in turn can cause operational expenses to grow over time.

These hidden cost factors are the ones that this study seeks to highlight and show how they contribute to the
TCO of OSS. Since such, the demonstration of the contribution of hidden cost factors in the OSS model is a major
achievement, since it will provide institutions with a rigorous assessment framework with which to deal with the
complexity of OSS adoption and prove to organizations how much hidden costs contribute to the costs they incur.
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Kenyan and African IT firms and academic institutions would find this contribution particularly useful since it will
inform their decisions on purchase in future.

1.2 Research Questions
The research problem above gives rise to the following questions which this study intends to solve:
i. What are the cost factors that influence the total cost of open-source software ownership in Kenyan
Universities?
ii. What is the contribution of hidden costs to the model for total cost of open-source software ownership?

II. LITERATURE REVIEW

2.1 Theoretical Review

This work was grounded on Gartner’s metric for TCO that was proposed in 1987. The metric is prominently
used in IT and also in coming up with various methodological tools. The TCO model proposed by Gartner uses 2
major branches to categorize costs. The branches include direct costs and indirect costs (Heinrich et al., 2025). Direct
costs can also be termed as budgeted costs are those costs that are anticipated by the organization when they are going
to make a purchase they include; the fee, capital and the costs spent on labor by an organization’s IT department so as
to deliver various IT services to the enterprise and its users. The indirect costs are those costs not tracked in most
organizations. Such costs include the time that may be spent by the user to get educated on how system works
determination of the problem and downtime lost productivity. The Gartner’s TCO model is the commonly used model
and therefore it is treated as the standard (Heinrich et al., 2025).
The Gartner TCO model has been used in the school environment before in various case studies such as Kenya
(Owoche, 2014) where the researcher came up with a TCO model to quantify the cost of ownership of the Maseno
University ERP system. The TCO model developed suggests that the costs are divided into 5 cost elements which are:
procurement costs, hardware and software costs, implementation costs, operations and maintenance costs and end user
costs. The TCO model has also been applied to case studies of schools in USA districts such as Wisconsin and Virginia
(Kuchina, 2024) The TCO model for Maseno University ERP system suggests that unbudgeted costs measure the
effectiveness of the Information system giving the expected service to the user, if the developed system is well
managed then users will not experience downtime and difficulties using the system (Owoche, 2014).

2.2 Empirical Review
2.2.1 Direct Cost Factors and Open Source Software

Fortunato and Galassi (2021) define the direct cost factors as the factors that influence the costs and can
directly be pointed out by an organization. The direct costs are broadly divided into: search costs, acquisition costs and
integration costs. Search costs are costs that are incurred by an organization as they make a decision to obtain software
(Fortunato & Galassi, 2021). The costs entail the costs that are as a result of meetings held up to select a software,
expert opinion that is sought after and demos and presentations that may require money to set up. Location and
Operations, The expenses may mount up rapidly when meetings must take place off-site. If they don't have the
necessary facilities on site, they could have to pay for leasing spaces. In addition, there can be transport and lodging
costs if participants are travelling from distant places. Although these practical considerations are necessary to
guarantee that all interested parties may take part in the decision-making process, proper budgeting is still necessary to
keep costs in check.

An example of a search cost given is the money and resources that are spent on meetings (Fortunato &
Galassi, 2021). Expert opinion charges apply in most of these instances, payments for specialized expertise and help
throughout the software selection process are paid to consultants or industry experts via these fees. According to
Fortunato and Galassi (2021) expert opinion is indeed needed, and this is a cost incurred during the search and thus
worth to be included. Experts charge fees for their time and knowledge sharing, which may involve analyzing
company needs, technical specifications, and possible software fit. Demonstrations and showcasing meant to
understand the features of Open-source software is crucial and it is often carried out as suggested by Lanza-Cruz et al.
(2024).

Acquisition costs in relation to the adoption are defined by Weder et al. (2022) of open-source software are
the costs associated with the early steps of obtaining and setting up the software. These include pilot tests and
installation fees. Before committing to a full-scale deployment, pilot testing is an essential stage in assessing the
software's appropriateness and performance.

To ensure software testing does not affect live systems, organizations usually set up a restricted environment,
also called a sandbox or pilot (Weder et al., 2022). An accurate evaluation of the software's performance and
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compatibility may be achieved in this environment by simulating the organization's infrastructure and operations. To
make sure the software is operational and ready for usage inside the organization, the installation price covers the
initial expenses of obtaining and setting it up. Piloting of the a software is part of the acquisition phase and it adds to
the costs of the system (Kereu, 2024)

Ilyas et al. (2023) defines it as the cost incurred as the user launches the system acquired so as to ensure that
it works flexibly with the existing systems. Existing user migration is critical when integrating software systems,
especially for software upgrades or platform transitions. Migrating user information from one system to another
entails moving their profiles, preferences, data, and login credentials. Another aspect involved in integration costs is
the development of application programming interfaces. Application programming interfaces, or Pls, are crucial
because they allow various software systems to communicate and interact with one another.

Ofoeda et al. (2019) states that building application programming interfaces (APIs) allows for the smooth
transfer of data, access to functionality, and compatibility when combining software components. Application
programming interfaces (APIs) provide the standards, data formats, and authentication methods for integrating and
enabling the seamless operation of different systems. Another crucial component in the integration cost is the
development of plugins.

Plugins help the system software to add functionality to the software. Plugins are small, additional pieces of
code that may be added to existing software to make it do more. When it comes to software updates and integration,
creating plugins allows for personalization, extension, and connecting to other systems or services. To tailor a software
platform to a user's needs, plugins might extend its functionality, connect to third-party APIs, or add new features
(Negi et al., 2021).

2.2.2 Indirect Cost Factors and Open Source Software

Kula et al. (2021) describes indirect cost factors as factors that influence the costs however they cannot be
directly pointed as to have been incurred out of use of software by an organization despite knowing that these costs
exist. The costs that are indirect in an open source product are as discussed. Hiring costs is the amount that is spent on
getting the relevant labor onboard so as to ensure that the integrated system functions as required (Chen et al., 2016).
It is critical to think about adding new employees to the payroll when implementing a new system into a company.
New systems often need specialized knowledge or abilities that present staff members may lack. The system's
functioning and transition will run more smoothly with the help of qualified professionals brought in. New faces
provide new ways of looking at things. When a team expands, it might provide fresh perspectives and ideas that the
current members might have overlooked. More effective procedures and better results may result from this infusion of
fresh ideas. The transition period after introducing a new system is also characterized by an increase in workload.

To avoid burnout and overwork among current workers, it is helpful to hire more people to divide up the
responsibility. Instead of retraining current workers extensively, you may teach new hires immediately on the
system—a great way to save time and money when implementing new systems (Chen et al., 2016). Recruiting new
employees may help in managing change. Some workers may be resistant to using a new system because it disrupts
their established processes. One way to encourage a culture of flexibility and openness to change is to staff positions
with people who share this outlook.

The other indirect costs are training costs. These are costs that are incurred in the course of teaching the
members available on how the newly acquired system functions. The instructions on how the new software functions
are done by an expert who is often paid for services (Mugarza et al., 2020). The creation or acquisition of instructional
resources like manuals, guidelines, or online course modules is not without its associated costs. The services of outside
consultants and trainers, including their travel and lodging expenses in the case of on-site training, incur additional
costs. The cost is further increased when the necessary infrastructure, such as classrooms, computers, and software
licenses, is set up. The time and effort of internal trainers, as well as the expense of preparation and supplies, go into
the sessions. While staff adjusts to the new system, there may be a short-term dip in output. To make sure workers get
help using their new abilities, post-training support (whether internal or external) adds continuous expenditures
(Mugarza et al., 2020).

Many factors affect how much it costs to host software. These include the kind of software (web-based,
mobile app, desktop application), the amount of data transfer and users, the hosting provider, and any additional
services needed (security, maintenance, support, etc.). The first thing you need to know is that "server space" is the
amount of real or virtual storage space on a server that your software will be using (Snoussi, 2019). To make sure your
software runs well and effectively, this area is crucial. Over a certain time frame, the term "bandwidth" refers to the
amount of data sent and received by your system and its users. Important for figuring out how much data your hosting
can handle, it includes both uploads and downloads. The term "data transfer" is synonymous with "bandwidth," which
describes the amount of information sent and received by your software's server. Everything that people may see and
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interact with on a website, including files, photos, and other forms of media, falls under this category of content.
Another important consideration is load balancing, which involves spreading incoming network traffic across several
servers (Negi et al., 2021). This method improves your software's speed and dependability by preventing any one
server from being overburdened.

It is common practice to use third-party plugins or extensions to improve the functionality or add new features
to open-source Learning Management Systems (LMS). While these plugins may greatly enhance your learning
management system, they can also be rather expensive (Lanza-Cruz et al., 2024). Subscribers to third-party plugins
may need to pay for updates, support, and new features on a regular basis. These subscription plans often include
updates and support services, so you can be certain that your plugin will work with the most recent LMS versions and
that any problems you have will be promptly resolved. If you want a third-party plugin to work with your learning
management system (LMS) or meet your exact requirements, you may need to have it developed from the ground up.
If you need a plugin built from the ground up or want to have an existing one modified, custom development services
are the way to go. The level of customization needed determines the cost of these services, which might vary greatly
(Turnbull et al., 2020).

Mugarza et al. (2020) centers their research on a zero-downtime paradigm, which means that any interruptions
to the availability of the system are minimized or eliminated. They probably talk about compensation expenses in
terms of how much money system downtime will cost. Compensations given to impacted parties, such workers or
customers, for losses sustained during system outages might be a portion of the expenses. This may include not just
the time wasted by workers as a result of inefficient work hours, but also the possible harm to the company's image
and the faith of its customers. The impact of computer outages on employees is studied by Wang et al. (2019), who
focus on the potential extra time employees may have to put in to make up for lost productivity. Various sorts of
compensatory expenses may emerge. As an example, companies could have to pay workers more for overtime in order
to compensate for the productivity they lost during downtime. Organizations may be obligated to provide impacted
workers compensatory time off or other benefits in the event that downtime causes delays in workflow or deadlines.

2.2.3 Hidden Cost Factors and Open Source Software

Hidden cost factors are the ones that influence the costs however they cannot be directly be pointed out by an
organization nor reflect in their books of account. France and Ghose (2019) define marketing of open-source software
as an exercise that entails a number of tasks, while they are necessary for uptake and effective deployment, can pose a
substantial hidden cost. Organizations may underestimate the total expenditure needed since these expenses are not
usually considered explicitly when they choose to use open-source solutions. It is a frequent misunderstanding that
open-source software is "free" due to the absence of upfront payments. The truth is that a lot of money has to go into
introducing, implementing, and making the most of the software in a company (France & Ghose, 2019). A large
portion of these funds will go towards raising public awareness among employees in the company. Adoption relies
heavily on commercial and outreach initiatives. There will be design and production costs associated with creating
marketing materials to showcase the LMS's capabilities and advantages. There are additional costs involved with
community engagement via forums, social media, and conferences. These costs include staff time spent monitoring
these platforms as well as charges for attending and sponsoring events. In order to set the product apart in a crowded
software industry, the management of an organization at times hires marketing professionals who need to develop and
convey a distinct value proposition (Alshare et al., 2019). This typically necessitates bringing in outside experts or
using marketing firms.

Employee time is defined as the amount of time that an employee spends on software. Employee time, as it
pertains to software, is the amount of time that people spend using certain software systems or apps for work-related
tasks (Mowlawizadah, 2020). This encompasses many aspects of their software interaction that affect the
organization's productivity and task management. When new or updated software is introduced, it usually takes some
time for staff to get to know all the features and functions. Their workload may temporarily rise as they adjust to the
new tools and procedures; becoming expert users may take more time due to this learning curve. Uptime for
maintenance and system upgrades may be required when installing new features or updates, which may interrupt
workflow and reduce productivity. Prior to complete integration into day-to-day operations, employees engaged in the
implementation may have to set aside time to test and fix new features. In order to accomplish project goals or have
the changeover go well, overtime could be required. Data transfer, software setup, and user assistance throughout the
changeover are all examples of tasks that might need personnel working beyond regular business hours (Ngessa,
2019). Employees invest time into learning the system, incorporating it into their routines, and improving procedures
to make the most of its features as they gain experience with it. In order to find the most effective and efficient
processes, it is necessary to experiment with various configurations and settings during this adaptation period.
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Dressen-Hammouda and Wigham (2022) defines retraining as the essentials in the software industry when
workers want further explanation or clarification on concepts covered in earlier training. Organizations must provide
more resources and time to cover this hidden cost, which may result from things like changes in software
functionality. A part of retraining is having coworkers ask each other for help when they don't understand anything
about the system. Though it's great for addressing problems and exchanging information, this informal consultation
might affect productivity and workflow efficiency in the long run. When employees need a refresher on how to use the
system, they might refer to workplace tutorials as a kind of retraining. These guides may be delivered in-person or
made available online for use in the office. On the other hand, the organization has to pay for the resources used by
these sessions, which include office space and internet bandwidth. To make sure workers fully grasp the software,
some companies choose to have coaches meet with them one-on-one (Lehtola & Karttunen, 2022). There are obvious
expenses connected with employing or outsourcing coaching services, but the benefits of having a coach or mentor
provide personalized instruction to individual workers are worth the investment. Although retraining is necessary to
keep employees proficient and productive, it comes at a hidden cost to businesses (Lehtola & Karttunen, 2022).

Attitude in this context refers to the motivation and willingness of the respondents to learn how the open-
source software functions. One of the hidden costs that may affect the effectiveness of training programs and the
overall learning curve is attitude, which plays a big part in how well new software systems are adopted inside an
organization (Alshare et al., 2019). Negative attitudes towards change, training, or the new system may cause a lot of
problems that make it harder for workers to get the skills they need. When new software is introduced, workers often
respond with resistance to change since they are used to the status quo and are reluctant to try anything new. Because
people may not be as motivated to fully engage with training materials or learning activities due to this resistance, the
time it takes to become proficient could increase (Alshare et al., 2019). In addition, when employees have unfavorable
attitudes towards training activities, such they find them boring or unimportant, their interest and participation might
suffer. Employees' inability to retain and apply training material is a direct outcome of their attitude towards the
sessions, which may be defined as indifference or disappointment. Employees may be less motivated to learn and
grasp the new software system's capabilities if they have unfavorable opinions of it, such as reservations about its
usability or relevance to their work functions (Negi et al., 2021). A lack of excitement and engagement during training
sessions caused by this kind of attitude might make everyone take longer to get up to speed and put off enjoying the
system's advantages.

III. METHODOLOGY

3.1 Research Design

The research design that was applied in this study is the explanatory sequential research design. This is a
research technique that involves collection of quantitative data and then followed by conducting qualitative analysis to
better understand the phenomena under study. The researcher collected quantitative data on a likert scale questionnaire
and proceeded to analyze the collected data. The research design was used as it offered a deeper understanding of the
results that were collected from the field.

3.2 Target Population, Sampling Techniques and Sample Size
3.2.1 Target Population

The population for the study was 316 participants in the Open distance and learning departments (ODEL) in
universities in Embu and Kiambu counties. Kiambu County was chosen for study as it possesses the most universities
pioneered adopting an open-source Learning management system (LMS). Embu County, on the other hand, was
selected to bring about balance. The universities were selected through purposeful sampling. A preliminary study was
conducted to identify the universities in the counties that used open-source Learning management systems. The Open
Distance and Learning Departments (ODEL) department was picked because it is where the learning management
system is often utilized. Thus, it has the population possessing characteristics desired by the user.

3.2.2 Sampling Techniques

A preliminary study first helped identify the number of universities that have customized OSS in Kiambu and
Embu counties. Purposeful sampling was used to locate the universities in the two counties which have acquired and
customized OSS LMS. Purposeful sampling is a technique in which the researcher chooses the subjects likely to
possess the information he seeks. Purposeful sampling enables the researcher to avoid incurring costs that would
otherwise be avoided. Finally, the researcher identified the number of respondents in each University through random
sampling.
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3.2.3 Sample Size Determination

One public university with the most participants and one private university with the most subjects in the
population were purposefully selected for study. The purposefully selected institutions were subjected to 30% for the
desired sample size. This gave rise to 62 participants as a sample.

Table 1
Sample Population for the Study
University County Population Sampled participants
Kenyatta university Kiambu 80 27
Mount Kenya University Kiambu 50 15
Embu University Embu 67 20
Total Sample 62

3.3 Research Instruments

The instruments that were used for data collection were Likert scale questionnaires. The questionnaire was a
likert scale with strongly agree rated 1 and strongly disagree given a rate of 5. The questions were statements made so
that the respondents could rate their level of agreement. The themes covered in the research questionnaire were
broadly the aspect of direct cost factors, indirect cost factors and hidden cost factors of open-source software.

3.4 Data Collection

Data was collected by issuing questionnaires to the LMS users at the ODEL department. The research
questionnaire was given filled and returned. The questionnaire was filled returned. The rationale behind the chosen
format of collection was to ensure that the researcher had a better understanding of the cost factors.

3.5 Data Analysis and Presentation

The collected data was cleaned by removing the incomplete responses and leaving the complete ones. The
responses given out by respondents were presented using tables, pie charts, and bar graphs for easier visibility. Further
analysis was subjected to the questionnaires, whereby linear regression was applied to establish the relationship
between variables.

IV. FINDINGS & DISCUSSION

4.1 Response Rate

Table 2 shows the response rate for questionnaires. All given out were filled and returned giving a 100%
response rate. The response rate was good as the researcher ensured that the respondents understood their role properly
and also promised to keep their responses confidential.

Table 2

Response Rate
Sampled Responded Response Rate
62 62 100%

4.2 Descriptive Statistics
The results are majorly presented through tables and graphs. They are as follows;

4.2.1 Descriptive Statistics on Direct Cost Factors

So as to find out whether direct cost factors the questions in the table below were posed to the respondents.
The percentages show their responses based on every question. The respondents responded based on the Likert scale
provided.
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Table 3
The Responses on the Direct Cost Factors (N=62)

Question Strongly | Agree | Neutral | Disagree | Strongly
Agree Disagree

(i) Search costs such as meetings to decide on LMS, expert 67% 20% 13% 0% 0%
opinion and demonstrations are applicable in open source LMS

(i1) During acquisition installation fee, upgrades and piloting costs 55% 35% 10% 0% 0%
are incurred

(iii) Integration activities like user migration, APIs, 3™ party plugins 80% 15% 5% 0% 0%
are necessary

Table 3 shows the responses of the participants on the issue of the direct cost factors. The search costs such as
decision meetings, expertise offered before purchase and demonstrations were identified and agreed upon by
respondents. Majority of the respondents (87%) had an agreement with 13% being neutral. On the second cost element
of acquisition, 90% of the respondents agreed that installation costs, upgrades and piloting takes up money upon
encountering this element. The final cost element for direct costs where 95% of respondents agreed that integration is
a direct cost element. Thus, search costs, acquisition costs and integration costs are direct cost factors.

4.2.2 Descriptive Statistics on Indirect Cost Factors

The responses summarized in the table that follows show the responses by respondents on the indirect cost
factors. The questions were posed and the respondents were expected to respond with their level of agreement of the
statement provided.

Table 4
Responses on Indirect Cost Factors (N=62)
Question Strongly | Agree Neutral | Disagree Strongly
Agree Disagree
(i) Once LMS is in use, new staff, hosting fee and 3™ party 87% 7% 6% 0% 0%
monthly license fee is needed
(i) Compensation such as overtime costs are common for 73% 26% 1% 0% 0%
LMS

Table 4 shows the responses on indirect cost factors. From the responses, majority of the respondents cited
hiring costs, hosting fee and third party application licenses as indirect costs. 94% of the respondents were in
agreement that these costs are part of indirect costs. Additionally, compensation costs such as overtime payments
found a 99% support as indirect cost factors.

4.2.3 Descriptive Statistics on Hidden Cost Factors
The responses that are shown below are the ones given by participants on the hidden cost factors. The
respondents were given statements and they required to indicate their level of agreement with the statements made.

Table 5 below shows the responses given by the respondents.

Table 5
Responses on Hidden Cost Factors (N=62)
Question Strongly Agree Neutral | Disagree | Strongly
Agree Disagree
(1) Marketing of LMS such as workshops, motivational talks 60% 27% 13% 0% 0%
are a norm before acquiring LMS
(i) Employee time is a cost that increases due to workload 47% 43% 3% 7% 0%
increase, customization and maintenance
(iii) Retraining that happens through coaching, pre-recorded 50% 41% 9% 0% 0%
videos and expert consultation is a actually a hidden cost
(iv) Attitude is a hidden cost as negative attitude leads to 69% 25% 0% 6% 0%
retraining

Table 5 shows the responses that the respondents gave out concerning hidden cost factors. On marketing as
costs 87% of the respondents were in agreement with the statement that marketing of the open source LMS, the
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motivational presentations are necessary before the acquisition of the open source LMS. There were 13% of
respondents who were neutral to the statement and did not give a clear response on the statement.

Employee time as a cost with workload increase, customization and maintenance as a cost got an agreement
level of 90%. On the other hand, 3% of the respondents did not give a clear response but instead chose to remain
neutral to that statement. Additionally, 7% of the respondents disagreed with the statement.

Retraining costs that happen through coaching of employees individually and prerecorded tutorials and expert
consultations as a hidden cost received an agreement of 91%. The 9% of the respondents were neutral to the statement
and did not give a clear response concerning it. Finally, Attitude as a hidden cost had an agreement of 94%. There
were 6% respondents that disagreed with the statement on whether hidden costs contribute to the cost of an open
source product.

4.3 Inferential Statistics

The results are presented below in form of tables with correlations between cost factors and the total cost of
ownership of open source software. The first hypothesis was to determine whether the direct cost factors are
significant to be in a relationship with the total cost of ownership of open source software.

Ho:: There is a Significant Relationship between Direct Cost Factors and the Total Cost of Open-Source Software
Ownership in Kenyan Universities

Table 6
Relationship between Direct Factors and Total Cost of Ownership
Correlations
Total Cost Ownership Direct Cost Factors
Spearman's tho | Total Cost Ownership Correlation Coefficient 1.000 393"
Sig. (2-tailed) . .002
N 61 61
Direct Cost Factors Correlation Coefficient 393" 1.000
Sig. (2-tailed) .002 .
N 61 61

**_ Correlation is significant at the 0.01 level (2-tailed).

Table 6 above shows the results obtained. There is a relationship between direct cost factors and total cost of
ownership. The coefficient for the relationship is 0.393, which shows a moderate positive relationship between the two
variables. This signifies that as the direct costs increase, the total cost of ownership also increases. The significance
level is 0.002, showing that the relationship does not occur by chance or randomly. Therefore, there is a relationship
between direct cost factors and total cost of ownership of open-source software. Hence H1 was accepted.

Ho,: There is a Significant Relationship between Indirect Cost Factors and the Total Cost of Open-Source Software
Ownership in Kenyan Universities

Indirect costs are known to be incurred by open-source software; however, they are only sometimes recorded
in the account books. The research explored the indirect cost factors to ascertain whether the cost factors apply to
open-source software. The results from the respondents are as explored below.

Table 7
The Relationship between Indirect Cost Factors and Total Cost of Ownership of Open-Source Software
Correlations
Total Cost Ownership | Indirect Cost Factors
Spearman's rho | Total Cost Owners Hip Correlation Coefficient 1.000 A48T
Sig. (2-tailed) . .000
N 61 61
Indirect Cost Factors Correlation Coefficient 487" 1.000
Sig. (2-tailed) .000 .
N 61 61
**_Correlation is significant at the 0.01 level (2-tailed).
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Table 7 above shows the relationship between indirect cost factors and total cost ownership. The Spearman’s
coefficient is 0.487, indicating a moderate positive relationship. As the indirect costs increase, the total cost of
ownership also increases. The relationship is statistically significant; thus, it did not occur by chance or randomly.
Therefore, there is a positive relationship between the total cost of ownership of open-source software and indirect
cost factors. The relationship is statistically significant as seen, thus H2 was accepted.

Hos: There is a significant relationship between hidden cost factors and the total cost of open-source software
ownership in Kenyan Universities.

The hidden cost factors are costs which are not accounted for and rarely seen as cost factors in an organization. The
table below shows the relationship between the hidden cost factors and total cost of ownership of open-source
software using the correlation coefficient.

Table 8
The Relationship between Hidden Cost Factors and Total Cost of Ownership of Open-Source Software
Correlations
Total Cost Ownership | Hidden Cost Factors
Spearman's tho | Total Cost Owners Hip Correlation Coefficient 1.000 .594*
Sig. (2-tailed) . .000
N 61 61
Hidden Cost Factors Correlation Coefficient .594* 1.000
Sig. (2-tailed) .000 .
N 61 61

**_ Correlation is significant at the 0.01 level (2-tailed).

Table 8 above shows that the correlation coefficient was 0.594. This value signifies a robust positive relationship
between hidden cost factors and the total cost of ownership. This means that as hidden costs increase, so does the total
cost of ownership. Therefore, the findings show a strong relationship between hidden cost factors and the total cost of
ownership of open-source software. Thus, H3 was accepted. A comparison was done to determine which cost factors
contribute most to the cost of open source software. Table 9 shows bellows the correlation coefficients of the cost
factors

Table 9
Comparison of the Correlation Coefficients of the Cost Factors
Cost Factor Correlation Coefficient (p)
Direct Cost Factors 0.393
Indirect Cost Factors 0.487
Hidden Cost Factors 0.594

Table 9 above shows the correlation coefficient for the cost factors. From the table it is evident that the hidden
costs are the highest contributor to the total cost of ownership of open source software. The correlation coefficients
demonstrate the intensity of the association between each cost element and the total cost of ownership (TCO).
Therefore, the hidden cost factors are the highest ranking in the cost factors.

4.4 Discussion
4.4.1 Answering the First Research Question

The analysis showed the relationship between direct cost factors and the total cost of ownership of open-
source software. The direct cost factors, as found out by the study, include the search costs, which are costs incurred
when deciding on the type of software to select. The search costs include selection meetings, demonstration, and
presentation costs. Another direct cost factor is integration costs that entail user migration, API development, and
plugin costs. The other direct cost is acquisition costs, including installation and pilot test fees. The finding is in line
with a study that was carried out by Maha, whose study shows that even though several people perceive open-source
costs to be zero, there are costs associated with acquisition, integration, and support, which are direct costs. The study
also points out that the direct cost factors contribute significantly to the total cost of ownership of open-source
software (Shrestha & Sheikh, 2021).
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Secondly, the study showed that the indirect cost factors enormously contributed to the total cost of ownership
of open-source software. The indirect cost factors, as found out by this study, included hiring new staff, hosting costs
for the software, and costs incurred on third-party software licenses. The findings agree with studies by Owoche,
which found that indirect cost factors such as hiring new staff and hosting costs contributed significantly to the total
cost of ownership of the software (Owoche, 2014). Another study by Ngessa found that indirect costs contributed
more than direct costs (Ngessa, 2019).

4.4.2 Answering the Second Research Question

The second research question sought to determine what cost factor contributes the most to the total cost of
ownership of open source software. The correlation coefficients between the cost factors and the total cost of
ownership of open source software found that the hidden cost factors had a higher coefficient.

The hidden costs comprise the open-source learning management system comprising awareness costs and
professional opinion fees. Employee time is the second attribute comprising workload increase allowances, downtime,
and overtime fees (Kereu, 2024). Another element of the hidden costs is retraining, which consists of consultation
fees, tutorial costs, and one-on-one coaching fees. The final element is attitude, which includes change resistance and
negative attitude.

V. CONCLUSION & RECOMMENDATIONS

5.1 Conclusion

In conclusion, this study highlighted the significant role of hidden costs in the total cost of ownership of open-
source software. By applying Gartner’s Total Cost of Ownership theory, the research revealed that while direct and
indirect costs are important, hidden costs are the primary contributors to overall ownership expenses. This finding
underscores the need for organizations and stakeholders to recognize and quantify these hidden costs, enabling more
informed decision-making when adopting open-source software. Understanding the full financial impact of these costs
will help organizations better manage and track their investments in open-source solutions.

5.2 Recommendations

Institutions of higher learning and other organizations should weigh the direct, indirect, and hidden costs of
open-source software carefully. They need to look at the short-term costs and benefits of using open-source
technologies by doing a cost-benefit analysis. Budgeting for acquisition, integration, and maintenance should be a
primary emphasis of medium-term strategy. It is also important to have cost-tracking measures in place to monitor
continuing spending. A cost-conscious culture that encourages efficient usage and contribution to the open-source
community should be fostered at institutions in the long run. The government should also make it a requirement that
ministries adopting open-source software disclose all expenses, including indirect and hidden ones, in order to
maximize efficiency and minimize wasteful expenditure.
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