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Abstract: Software valuation is a complex analytical process that determines the value of
software product as intellectual property or an asset for software companies. However, the
intangible nature of software makes it challenging to appraise using traditional calculation
methods. This study presents a systematic literature review (SLR) conducted to identify
suitable valuation approaches for software. The SLR examined existing research on software
valuation, resulting in the identification of key methodologies and insights. By synthesizing
the literature, this review sheds light on the significance of utilizing appropriate software
valuation methods in software businesses. Moreover, it highlights the emerging issues and
provides valuable recommendations for future research in the field of software valuation.
This review illustrates the importance of addressing the complexities of software valuation
and sets the stage for further exploration and development of effective valuation approaches.
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1. Introduction

The expansive growth of the software industry has made software an essential component
across various sectors. To create high-quality software, multiple factors such as technical
aspects, human resources, costs, and cash flow need consideration, ultimately requiring
quantification of its value. Determining the worth of software products aids owners in
comprehending the benefits and potential utilization of their software. Consequently, an
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appropriate valuation method is crucial for informed decision-making, considering the
complexity involved [1].

Software valuation involves a range of assessments and techniques aimed at estimating
its monetary value. The economic landscape, characterized by globalization and market
dynamics, underscores the importance of software appraisal [2]. Expert valuation
professionals collect and analyze data to provide credible valuations. As a result, researchers
and practitioners have shown an increased interest in effective valuation frameworks
for software.

Enhancing existing software valuation methods reflects the growing awareness of the
need for accurate valuation models. Initially, traditional methods used for tangible assets
were applied to software valuation, but the unique intangible nature of software necessitated
specialized approaches. Scholars and professionals have proposed a variety of procedures,
including the established cost, market, and income approaches, as well as newer techniques
like the Real Option, Monte-Carlo, and Royalty Rate methods [3,4]. These approaches
consider factors such as development costs, market demand, intellectual property rights, and
technological advancements. The choice of valuation approach depends on available
information and specific circumstances to yield accurate estimates.

Given the dynamic economic landscape, establishing norms and standards for valuers is
crucial. International bodies like the IASB, IVSC, and WIPO offer guidelines for intellectual
property valuation, though adoption can vary due to demographic factors. Researchers and
practitioners from various countries are keen on developing effective valuation
methodologies for software products [5—7].

In Malaysia, the field of software valuation is nascent, with challenges such as limited
studies, insufficient valuation inputs, and absence of standard regulations [8]. The expense
of hiring valuers hampers software valuation, hindering recognition of software's value as an
organizational asset. Despite progress, the evolving software landscape poses challenges for
valuation methods, as traditional approaches might struggle to adapt [7]. Addressing these
issues requires innovative techniques that incorporate software's intrinsic value,
technological advancements, and sector-specific characteristics, while promoting
transparency and standardization to bolster decision-making confidence.

2. Research methodology

A SLR of Software Valuation was conducted in order to acquire a knowledge of the
challenges, methods, and methodologies connected with software valuation. Our findings
have the potential to benefit both academics and practitioners, especially in terms of guiding
future research on software evaluation. To conduct this systematic literature review (SLR),
we followed the methodological guidelines provided by Kitchenham ef al. [9] and Zhang et
al. [10] to ensure that our evaluation of the previously published research was objective
and reproducible.

Figure 1 illustrates the whole search and study selection procedure, along with the
number of publications obtained at each stage of the process. In April 0of 2023, both the search
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and the study selection process were carried out. After going through our study selection
procedure, we ended up with a total of 38 studies, all of which may be found in the
References. Our goal was to answer the three research questions (RQs) listed in Table 1,
which served as a guide for our investigation. The goal of this SLR will be to investigate the
questions about further research that are indicated below. In this article, the answers to these
three research questions will be provided in accordance with the primary studies that have
been chosen and analyzed.

Scopus
17

IEEE Xplore
146

ACM Digital Library

Database Search 342 studies
Duplicate Removal 267 studies

Inclusion/Exclusion based on
Title, Keyword and Abstract | 2 Studies

\.

Inclusion/Exclusion based on
Full Text and Metadata 45 studies
Quality Assessment 32 studies
Forward gnd Backward 35 studies

Snowballing

Final Article Pool
(35 studies)

Figure 1. Stages of the study selection process.

Table 1. Research questions.

RQ Research Question

RQ1 What are the valuation approaches recommended by researchers to valuate a software
product?

RQ2 What are the challenges and issues in software valuation?

RQ3 How do researchers choose which valuation approach is the most suitable to value a
software?
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2.1. Search strategy

Developing a search strategy to retrieve potentially relevant research articles and resources
from academic digital databases is the initial step in conducting this investigation, which
begins with the strategy's development. With the PICO (Population, Intervention,
Comparison, and Outcomes) paradigm in mind, we constructed the search string. Table 2
provides an overview of the most significant PICO component characteristics. The search
strings are generated by concatenating all PICO components with the AND operator [11]. In
addition, the search terms were adjusted to comply with the numerous variances in search
capabilities provided by each database.

In certain instances, we matched the pertinent keywords in the titles, abstracts, and
keywords of the publications, with the exception of exclusion keywords (preceded by NOT),
which were only matched in the titles. When available, wildcard matching was used to catch
different word variants; otherwise, we manually defined the term variants, such as value and
valuation. Despite this, we implemented additional search filters to fulfil the given exclusion
criteria. Table 2 defines only the base strings. This search string is executed on the two most
popular academic digital libraries for software engineering, namely IEEE Xplore and ACM
digital library. In addition, this search query was also applicable to SCOPUS, the largest
available academic literature database that indexes several lesser academic databases. We
initially obtained 342 studies, including 171 from SCOPUS, 146 from IEEE Xplore, and 25
from ACM Digital Library. We manually deleted duplicates from the downloaded studies,
bringing the total number of studies down to 267.

Table 2. Formulation of search string.

Category Subject Search Term

Population Software “software industry” OR “software products” OR
“intellectual property” OR “software companies”

Intervention Valuation “valuation model” OR “valuation methodology” OR

“valuation approach” OR “valuation procedure” NOT
(“tangible asset”)

Comparison Comparative Study  "comparative study" AND "software valuation
methodology"

Outcomes Software  Product “software  product” AND  (“valuation” OR

Value “calculation” OR “value” OR “price” OR “financial

performance” OR “accuracy”)

2.2. Study selection

To conduct this research, our aim was to identify papers discussing software valuation. We
define software valuation as the process of assessing a software product's value using
accepted valuation methods. Our goal was to select relevant studies that contribute to
understanding software or intangible asset valuation in terms of methodologies, approaches,
and validations. Included studies address valuation objectives, employed methodologies, and
any proposed valuation techniques, assessing their strengths and weaknesses [12]. We also
consider resources related to confirming evaluation outcomes' validity. The aim is to ensure
the credibility of obtained software valuation results.
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2.2.1 Inclusion/exclusion criteria

This inclusion/exclusion strategy was established to ensure that we acquired a collection of
high-quality publications, as shown in Table 3. These techniques were inspired from the
studies in [9,10]. Studies addressing software valuation approaches, models, financial
performance, market value, and economic impact are selected based on the inclusion criteria.
This review focuses on English-language academic journal and conference proceedings
publications. Non-peer-reviewed sources, irrelevant topics, and non-English publications are
excluded by exclusion criteria. These criteria guarantee the inclusion of pertinent, high-
quality content to facilitate a thorough comprehension of software value. Using information
gathered from the title, abstract, and keywords, we eliminated 192 research. After processing
the entire text and metadata, we then rejected an additional 30 studies, resulting in a total of 35.

Table 3. Inclusion/exclusion criteria.

Inclusion Criteria Exclusion Criteria

I1. The study has implications for software EIl. The article is purely a literature review or

engineering practise and is related to the topic of survey piece.

software valuation.

12. The study offers pertinent software valuation E2. Academic publications such as book

techniques or strategies. chapters or dissertations that are neither
conference nor journal publications.

13. The research is a publication that exceeds six E3. Articles not composed in English.

pages.

E4. Articles for which the complete text is not
available.

ES5. Publications that were published in a forum
unrelated to computer science.

2.2.2 Quality assessment

In the case of SLRs, it is essential to evaluate the quality of the primary studies to ensure that
we can construct an accurate and objective depiction of the research efforts [9]. The
examination of the validity and methodological rigor of the selected studies is part of the
quality assessment process in an SLR. Researchers examine characteristics such as study
design, sample size, data collection methods, statistical analysis, reporting transparency, and
the potential for bias. The trustworthiness and credibility of the review are enhanced when
research that does not meet quality standards is omitted. This enables evidence-based
decisions to be drawn from reliable evidence. Thirteen studies were removed because they
did not meet the criteria for the quality evaluation.

2.2.3 Snowballing

Due to its limits in recognizing studies with cryptic language and the inability of the chosen
digital libraries to hold all peer-reviewed literature [11], it is anticipated that the initial
automated search approach may not capture all pertinent research. This is due to the method's
inability to detect research. Manual search techniques, such as forward and backward
snowballing, were used to identify additional relevant studies that were not present in the
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required digital libraries or discovered by the automated search. This was done to supplement
the initial selection of studies. Both forward and reverse snowballing involve the discovery
of additional relevant research. This is accomplished by examining the reference lists of the
included studies and the publications that cite the included research [11]. The
inclusion/exclusion and quality evaluation criteria were used to this group of publications in
order to reach a conclusion. The original selection of 32 papers was followed by the retrieval
of five more, bringing the total number of studies to 35. The approach of snowballing led to
the purchase of five additional periodicals.

2.3. Overview of the primary studies

During this SLR, numerous relevant journals, articles, and resources were reviewed to
enhance comprehension of the research topic. The primary studies are summarized in Figure
2, illustrating their frequency across different years.

= =

Occurences
O P N W M U1 OO N

[

]

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

Figure 2. The number of selected primary studies by year.

Figure 2 presents the total number of software evaluation-related academic articles
published over the years. The 2022 occurrences are not included because there is insufficient
data to support their inclusion. The number of individuals interested in this subject of study
has increased exponentially during the past five years. This indicates that this field is
experiencing a major expansion at the time this study was conducted. Consequently, this
research offers a significant and timely amount of value to this fast-emerging area by
synthesizing the existing understanding of valuation approaches and procedures that are used
in these investigations.

2.4. Data labeling

The research on valuation approaches categorizes valuation methods into three basic
procedures: the cost approach, income approach, and market approach. These fundamental
methods are commonly used to evaluate intellectual property. Figure 3 illustrates the
distribution of proposed valuation methods across studies. These primary valuation
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methodologies offer distinct perspectives on value, as noted by Zanni and Reilly [13], with
different techniques yielding varying indications of value in diverse contexts.

Income Approach

32% Cost Approach

Market Approach N

Figure 3. The ratio of valuation approaches. a study may suggest more than
one approach.

Among these methods, the cost approach emerges as the most recommended in the
studies. This approach assesses intangible assets by evaluating their development costs. It
provides an asset valuation based on construction or acquisition expenses while excluding
potential future earnings [14,15]. The cost approach comprises historical and future-oriented
techniques, including the reproduction and replacement cost methods [3,16]. This approach
suits valuing new software due to its alignment with limited data availability, where income
and market data are insufficient.

Conversely, the income approach forecasts potential future revenue generated by the
evaluated intellectual property. It underscores the asset's earning potential, forming a
legitimate basis for valuation decisions and is widely accepted economically [17]. This
method is suitable for valuing long-established software, leveraging past earnings data.
However, it is inappropriate for new software lacking significant income records.

The market approach determines asset value based on comparable intangible assets'
market value. This method compares prices paid for similar properties to estimate an item's
value [18-20]. It assesses intellectual property value by contrasting it with comparable
licensed or sold assets and using transactional value as a benchmark [21]. Difficulties lie in
identifying comparable assets, given each IP's uniqueness and significance in terms of
novelty and originality for IP protection [22]. Consequently, this method is infrequently used
for asset valuation.

Each valuation method has its own merits and drawbacks. The choice of approach for
software valuation must align with the specific characteristics of the subject assets [23].

3. Discussions

There is a substantial amount of keyword searches in software evaluation. The methodology
for determining the worth of software as an asset is still in its infancy. Most of the selected
primary studies imply that conventional valuation procedures or approaches used to evaluate
a software product may not provide the most accurate software value since they do not
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account for every component of evaluation to ensure the optimum value is computed. Some
of the primary researches have also demonstrated the experimental valuation methodology,
which is a modification of the old methodologies that ensures a more accurate appraisal.

3.1. RQI: What are the valuation approaches recommended by researchers to valuate a

software product?

In earlier years, numerous valuation approaches have been evaluated and studied to
determine the fair worth of software. However, there is still a great deal of debate and
uncertainty around the identification of the most suitable valuation approach for software
valuation. In the selected primary papers, researchers have investigated and advocated a
variety of valuation procedures and approaches. Most of the suggested valuation procedures
are adaptations of the classic valuation approaches, which are the cost approach, the income
approach, and the market approach.

The method of relief from royalties, the incremental income approach, and an assessment
of the cost incurred have been presented as evaluation methodologies for software, as
Visconti explained in his study. The first technique presupposes that the market worth of an
intangible resource may be determined by discounting the sum of the royalty’s exemption [24].
Next, the second way establishes the worth of the intangible resource in proportion to the
present value of the sum of the differential revenue it will likely generate in the future. Lastly,
this method focuses on the cost invested in the past to build intangible assets and to occupy
on the market the positions obtained by those assets at the moment of appraisal [25].

Yousefi has also suggested a few valuation methodologies that can be used to determine
the appropriate value of software. COCOMO 11, for instance, is a practical cost approach
method for estimating the cost of software. In addition, the software valuation of income
methodology can be examined utilizing direct evaluation for projecting future income using
the multi-period excess earnings and relief from royalty approaches. In addition to
EV/EBITDA and EV/sales, the multiples method under the market approach can also be used
to compare software values. On the other hand, the actual option and cost-benefit analyses
can be used to examine various valuation aspects [26—28].

The cost approach consists of two methods: the past-based method and the future-based
method. The future-based method includes the reproduction cost method and the replacement
method, both of which are popular and recommended. The reproduction cost new approach
indicates the cost incurred to produce an identical replica of the software asset in issue utilizing
the same materials, standards, design, and craftsmanship at current market pricing [29,30].
Consequently, the replacement cost new approach represents the current cost to copy a
comparable new software asset with the same functionality as the software being evaluated.
Replacement cost new is frequently the most basic and useful cost-based measure for
evaluating the value of an asset [31].

In general, the valuation methodologies and approaches that have been studied and
proposed by the researchers reveal that each valuation methodology encompasses a variety
of components in the estimation of the software's fair value. Examining the big picture
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demonstrated that this is the case. In order to assign value to the software asset in question,
it is crucial to select the valuation methodology that is most suitable and acceptable.

3.2. RQ2: What are the challenges and issues in software valuation?

The primary purpose of this SLR is to examine the software valuation methodologies applied
in the process of determining the value of a software product. It is essential to note that a
huge number of academics have proposed multiple valuation methodologies, each addressing
a separate component, with the aim of determining the software asset's fair value. As a result,
it is evident that there is not yet a best and acceptable technique for valuing a software product
that takes into consideration all its vital components.

Yousefi has highlighted the demonstration of several features of existing valuation
methodologies for determining software value in a study. Therefore, he concluded that there is
no comprehensive consistent regulation for systematically evaluating the value of software [26].
Moreover, an intangible product such as software cannot be valued in a straightforward
manner, and few existing approaches appear to provide a reasonable assessment of software
value [32-34]. Existing valuation approaches that can be used to determine the true value of
a software are still debatable about their applicability, which is regarded as the greatest
difficulty in software valuation.

In addition, there are other elements that must be taken into account during the
assessment, including the availability of sufficient information about the software product,
its marketability, and the selection of the appropriate valuation approach [35]. Consequently,
a second aspect of software valuation is the ability to collect necessary information and
valuable data about the software that will be utilized as valuation input in the software
valuation process. The availability of information is the determining element in determining
which evaluation approach can be used to assess the software. The correctness of the
valuation is dependent on the information and data obtained; hence it would be challenging
to value software due to insufficient of valuable information and data of the software product.

In addition, the complexity of valuing intangible assets such as software makes the
process difficult to complete without the assistance of experienced valuers. Diverse
professional valuers continue to develop hybrid approaches that are separate from
conventional procedures, demonstrating that IP valuation methodologies are not holistic.
However, the high expense of hiring a professional valuer prevents business owners from
valuing their intangible assets, making it difficult for product owners to perceive their
software as a contributory asset to the organization [7].

As aresult, the appropriate valuation approach or methodology for determining the value
of software is necessary to ensure that the software will be recognized for its contribution, as
the value of intellectual property, such as software, continues to rise in numerous developing-
nation enterprises [36]. The challenges that arise when valuing software can be circumvented
by presenting a strategy to valuation that can be easily implemented by the software's
stakeholders using readily available data and information.
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3.3. RQ3: How do researchers choose which valuation approach is the most suitable to
value a software?

The valuation approaches for software product valuation proposed by the scholars each have
their own distinct advantages and shortcomings. Therefore, in order to select the proper
valuation methods, it is necessary to analyze the type and nature of the asset being assessed,
the context and objectives of the evaluation, and the availability of trustworthy and
meaningful information regarding the software asset in question. Therefore, the choice of
valuation method depends on the essential characteristics of the thing being appraised. Each
technique of valuation has its own set of benefits and drawbacks, both of which must be
considered thoroughly. Based on the observation, it is necessary to map the valuation
approach's benefits to the important features of the subject software. These factors include
the nature of the subject asset and the availability of relevant data relative to the
subject software.

The strengths and weaknesses of the evaluation procedures are described by the selection
of concepts that were employed in evaluating each assessed methodology. The availability
of data, the type of software being evaluated, and the organization's structure all influence
the recommended approach as the most reliable [37]. Several aspects, such as how to
establish which method is the best to employ, must be considered while determining the
optimal software evaluation technique. On the basis of these factors, a comparison table may
be constructed in order to gain a greater understanding of which valuation method would be
most appropriate for evaluating the asset's worth.

Academics are in agreement that there is currently no method for valuing software
products that can be applied evenly and comprehensively. This is owing to the fact that the
characteristics of the software vary between software. Consequently, selecting the most
effective valuation methodology for valuing the subject asset is vital to ensuring that it
resulted in a relevant software value, and in most circumstances, multiple valuation
methodologies must be implemented to obtain the most trustworthy result [38]. Choosing the
most appropriate valuation method for valuing the subject asset is vital to ensuring that a
relevant software value is determined.

4. Threat to validity

To ensure the validity of this systematic literature review (SLR), we followed the guidelines
outlined by Kitchenham et al. [9]. In addressing potential validity threats, one notable
concern is selection bias, where relevant publications might be overlooked during the
selection process. To mitigate this, we adhered rigorously to SLR criteria and recommended
practices. Our search methodology involved SCOPUS, a meta search engine encompassing
reputable digital libraries like IEEE and ACM. To ensure comprehensive retrieval, we
iteratively refined our search string using the quasi-gold sensitivity approach proposed by
Zhang et al. [10]. Additionally, we employed backward and forward snowballing techniques
to capture potentially missed studies.

10
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Throughout quality assessment, data extraction, and theme analysis, we remain alert to
potential validity threats. Human error and researcher bias can introduce inaccuracies. To
ensure consistency, pilot exercises were conducted by the first two authors for each process.
Furthermore, the data extraction steps were cross-validated, with conflicts resolved through
thorough discussions.

Publication bias is another concern, where researchers might lean towards publishing
positive outcomes rather than negative ones. Researchers might also downplay significant
data limitations if not central to the study. Our findings are derived directly from source
studies, acknowledging that our report might not cover all aspects comprehensively.
Nevertheless, we believe that the selected primary studies, subjected to rigorous
inclusion/exclusion and data quality evaluation, offer valuable insights into key data
challenges and considerations within this field.

5. Conclusions

Software valuation approaches have gained considerable attention in the software
engineering community due to the increasing significance of intangible assets like software
in today's economy. With factors like cloud computing and rapid economic development, the
need for accurate software valuation has become essential. However, existing research
reveals that various valuation approaches have their limitations. Given the limited literature
in this field, further investigation is crucial to establish appropriate valuation methods for
software assets.

Conducting a systematic literature review on 35 studies, we aimed to identify the most
suitable software valuation method for assessing software's asset value. Our findings offer
valuable insights into the challenges of software valuation and recommended strategies. This
review's outcomes will guide future research in addressing gaps where current studies lack
optimal valuation methodologies. This research is a crucial step towards advancing software
valuation techniques, empowering product owners to accurately assess the value of their
software assets.
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