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Abstract: In an environment of multiplying uncertainties, management accounting plays an impor-
tant role in addressing product development issues. Changing business models, the capabilities of
companies, and increasing consumer needs require reconsideration of the directions in the product
development process. The purpose of this paper is to identify the changing role of management
accounting in product development, to understand how research is progressing according to such
vital directions as digitalization, sustainability, and circularity. Bibliometric analysis and a systematic
literature review were used to determine the main directions of the changing role of management
accounting in product development. Results revealed that these directions were related to innovation,
which could be considered the main driver for the changes in management accounting in product
development. Furthermore, these directions are related to better company performance, which is a
consequence of changes.

Keywords: management accounting; product development; digitalization; sustainability; circularity;

innovation; performance

1. Introduction

Research in product development is crucial in times of uncertainty. Multiple uncer-
tainty types, such as technical, organizational, resource, and market [1], can cause “uncer-
tainty multiplicity” [2]. The listed uncertainty types are especially relevant to consider in
the product development context. Technical uncertainty represents knowledge of a product
transforming into a physical product [2,3], e.g., it corresponds to the need for changing a
business model due to digitalization. Organizational uncertainty consists of the capabilities
and needs of companies [2,4], e.g., internal procedures, such as management accounting.
Resource uncertainty encompasses aspects of the continuity of resources [1], e.g., we could
consider the role of circularity. Moreover, market uncertainty represents the understanding
of customer needs [5], e.g., an important role can be assigned to sustainability issues.

By analyzing product development, researchers are focusing on the product develop-
ment process, product innovativeness, and impact on performance [6-8]. The subject of
management accounting has been investigated in various areas, but the main attention is
on the methods, technics and tools [9-11]; adoption and usage [12,13]; and impact on orga-
nizational performance [14,15]. Digitization in the scientific literature is usually discussed
through such aspects as the application of digital technologies, such as integrated informa-
tion systems, robotic process automation and advanced analytics [16,17], and the effect of
digitalization on management accounting [18-20]. The literature has further examined the
role of sustainability management tools in general [21-23], the factors affecting sustainabil-
ity [24,25], and the impact on a company’s performance [26,27]. The subject of circularity
has been analyzed in such areas as the circular business model [28,29], capabilities in a
circular economy [30,31], and the implementation of a circular economy [32,33]. However,
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there is lack of research that draws attention to changing the management accounting role
in product development, in terms of analyzing together such vital trends as digitalization,
sustainability, and circularity.

Therefore, the purpose of this paper is to identify the changing role of management
accounting in product development, with the following research questions:

RQ 1: What are the directions of previous studies in product development?

RQ 2: What are the directions of previous studies in management accounting?

RQ 3: What are the directions to be considered for the changing role of management
accounting in product development?

Our study contributes to this contemporary field of research by showing that research
directions, such as digitalization, sustainability, and circularity, form the medium for
changes in management accounting in product development.

2. Product Development and Management Accounting: Relevance and Directions
2.1. What Areas Are Important for Product Development?

Innovations and product development play a vital role in the competitiveness of a
company. When seeking to provide the relevant added value for customers, the needs
determined by digitalization processes in the market must be considered. Importantly,
proper product development results in optimized costs and in customer satisfaction [34].

Nowadays, the definition of a product has expanded, i.e., a product can be described
as tangible, intangible (services), or both (products and services) [34]. Product development,
including intangible products, including services as well, according to Krishnan and
Ulrich [35], can be described as “the transformation of market opportunity and technology
assumptions into marketable products” [34] (p. 87). New product development is expressed
as a conversion of rapidly changing market opportunities into a valuable product to the
customer, mostly covering particular steps in companies taken to achieve commercialization
objectives [36].

Recently, considerable literature has emerged around sustainability [21,23,36—41] and
circularity [30,38] in product development. Ruffino [38] describes the method of sustainable
product development in three principal areas, such as:

1. Sustainable inputs, consisting of such design content aspects as the sustainability and
recyclability of the materials, usage of energy, amount of usage, etc.;

2. Sustainable outputs, involving such aspects as extended usability, disassembling
processes, relationship with the product from the side of the company and consumers,
the lifetime of the product, disposability, reusability, etc.;

3. Resting implications, consisting of such aspects as biodegradability, further usability
in the ecosystem, recyclability, etc.

Three areas of new product development can be distinguished: sustainable product
design, ecodesign, and common product design [36]. Sustainable product development
is described as “a principal issue in the manufacturing business, and designers are con-
cerned with producing increasingly sustainable items” (p. 14). Ecodesign deals with the
reduction in the effect on nature of products and administrations for the lifecycle time.
Meanwhile, common product design consists of products that are not considered as being
used sustainably, and ecodesign factors.

Therefore, we can identify three important directions of product development, i.e.,
digitalization, sustainability, and circularity, which are visualized in Figure 1.

The proposed three directions of product development, in digitalization, sustainability,
and circularity, can be described as guidelines for the management of uncertainty in
product development. Digitalization represents the application of digital technologies into
the changing environment-related processes, including business and social processes in the
society as well. A literature analysis showed growing customer and company needs for
sustainable product development and extended usability in the ecosystem. Thus, the role
of sustainability and circularity has a significant role in product development as well.
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Figure 1. Directions of product development.

2.2. Why Is Management Accounting Important for Product Development?

The Chartered Institute of Management Accountants [42] describes management
accounting as “the process to assist with decision-making to create value and guarantee
sustainable achievements”. This is attained when the provided and analyzed information
allows companies to plan, implement and control their strategies. Oyewo [40] (p. 354)
describes provided information as:

e  Financial information, which “is important for management because many objectives
of organizations, especially profit-making ones, are stated in financial terms such as
profitability, liquidity, and solvency”;

e  Nonfinancial information, which “is equally important, especially at the strategic level
where management may need to know about developments in their markets, new
technology, activities of competitors, future demand for products, and new product
development”.

Management accounting provides information that supports management at strategic,
tactical and operational levels [42,43]. In general, management accounting helps managers
within a company make decisions at different levels. As product development plays
a vital role in the competitiveness of companies, usually, these decisions are related to
the development of the product. As product development not only generates revenue
but also incurs costs for the company, in order to maintain an efficient balance for the
product’s financial flexibility, management accounting needs to be used. The application of
contemporary management accounting can assist in the product development process by
providing information for company managers to deploy strategically important resources
for value creation [40,44-46], and by determining the financial viability of a product.

However, it must be noted that management accounting must be in line with the
changes that are essential in an ever-changing environment and affect changes in product
development. Therefore, as we have identified three directions of product development
(i.e., digitalization, sustainability, and circularity; Figure 2), it can be observed that these
directions are important not only in terms of product development, but also in terms of
management accounting, as management accounting is closely linked to the successful and
efficient development of a product.
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Figure 2. Changing role of management accounting, digitalization, sustainability, and circularity in
product development.

Digitalization represents the application of digital technologies into changing envi-
ronmental processes, as more innovative or digital companies are using more modern
management accounting practices. In addition, there is growing pressure from stakehold-
ers to hold companies accountable for the environmental impact of their activities, which
is also reflected in the changes in management accounting regarding sustainability and
circularity issues. Thus, these directions of digitalization, sustainability and circularity
have a vital role in management accounting as well.

3. Research Methods

The bibliometric approach and a systematic literature review were used to determine
the main directions of management accounting regarding digitalization, sustainability, and
circularity. The period of our analysis was between 2012 (January) and 2022 (February).
As this topic is highly relevant, we included 2 months of 2022 in our analysis, in order to
disclose the actual/current papers on the topic.

The use of bibliometric analysis leads to the identification of competing thematic
networks within an academic field based on the co-occurrence of words. Here, the co-
occurrence of terms in author keywords was visualized based on the number of keywords
that were used in the papers. By searching papers in the Web of Science bibliometric
database and by focusing on the keywords related to the analyzed topic, the dataset for the
bibliometric analysis was developed. For the co-word analysis, the VOSviewer software
was used. According to Waltman, van Eck, and Noyons [47], this software offers a unified
approach towards mapping and clustering networks.

The process of the co-word analysis (from Web of Science Core Collection) for the
period of 2012-2022 was prepared by taking into account various keywords in the field
of management accounting regarding digitalization, sustainability, and circularity, by the
VOSviewer program, thus creating a map that is based on a text corpus (a Web of Science file):

1.  “management accounting & digitalization”—full record and cited references > binary
counting > the minimum number of occurrences of a term: 3 > the number of terms
19/322 > map > result: 19 items in 3 clusters;

2. “management accounting & sustainability”—full record and cited references > binary
counting > the minimum number of occurrences of a term: 3 > the number of terms
40/328 > map > result: 40 items in 4 clusters;

3. “management accounting & circularity”—full record and cited references > binary
counting > the minimum number of occurrences of a term: 3 > the number of terms
13/179 > map > result: 13 items in 2 clusters;
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4. “management accounting & product development”—full record and cited references
> binary counting > the minimum number of occurrences of a term: 3 > the number
of terms 25/354 > map > result: 25 items in 4 clusters.

The bibliometric data were used to develop a network of keywords by co-occurrence
links where the circles are a representation of keywords, and the diameters of circles is the
representation of the frequency of occurrence of each keyword. The distance between two
keywords indicates their relatedness in terms of co-occurrence links. These co-occurrence
links were determined based on the number of documents in which keywords occur
together. This means that the closer two keywords are located to each other, the stronger
their relatedness is. The results of the bibliometric analysis are presented in the Section 4.

Meanwhile, the systematic literature review was used to understand how the papers
addressed the changing role of management accounting in the product development
process through different directions, such as digitalization, sustainability, and circularity.
The process of the systematic literature review was prepared by using the Web of Science
(WoS) database. Thus, the material was further evaluated by undergoing refinement and
critical analysis of what could be used in the search. After this, the selected content was
classified on a theoretical basis. Finally, extensive analysis was performed so as to classify,
order and present the content regarding the changing role of management accounting in
product development. All of these steps were carried out by the research team, without
recourse to further verification of the analyses, which can be considered a limitation of
the adopted method. The results of the systematic literature review are presented in the
discussion section.

4. Results

The results of the analysis (from the Web of Science Core Collection) for the period of
2012-2022 were prepared by considering the different keywords in the field of management
accounting regarding digitalization, sustainability, and circularity.

The dataset of papers consisted of 11,087 papers with publication years from 2012 to
2022. The distribution of papers based on year of publication is shown in Figure 3. It is
notable that, in the field of management accounting regarding digitalization, sustainability,
circularity, and product development, the number of papers has been constantly growing.
Although the product development topic in the context of management accounting was
stable, directions in digitalization, sustainability, and circularity have been growing rapidly
since 2018. Although 2022 is not over yet, the results for the two initial months of 2022
exhibit the same trend.

2022 —
20721 1
20720 e -
20119
201 -
2017
2016
2015
2014 I
2013 E—
2012 E—
0 500 1000 1500 2000 2500

B MA & Digitalization ®MA & Sustainability © MA & Circularity ® MA & Product development

Figure 3. Distribution of papers by year of publication.

The recent years, 2018-2021, featured the highest number of papers. This finding
indicates that the changing role of management accounting is still a potential issue for
researchers in product development that requires more research contributions.
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The network for the co-citation of journals for the period of 2012-2022 showed that,
despite its extremely high overall density indicating that the journals are highly intercon-
nected through co-citation relationships, three clusters of publication sources provide the
base for the management accounting field (Figure 4).
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Figure 4. Co-citation network of journals (2012-2022).

The first cluster (red) represents general management or general accounting journals
(such as Accounting, Organizations and Society; Academy of Management Journal, etc.),
the second (blue) denotes the practice in management accounting journals (Management
Accounting, etc.), and the third (green) cluster represents (e.g., International Journal of
Production Research, Journal of Product Innovation Management) journals focusing on
product development.

Given the changing role of management accounting in providing relevant information
for decision making, the dynamic nature of the business environment also means that
management accounting needs to be improved from time to time, in different directions, to
support the performance of companies.

4.1. Directions of Management Accounting: Digitalization, Sustainability, and Circularity

Management accounting and digitalization. It is observed that, in various companies,
digitalization and its impact on management accounting and information for decision
making are changing managers’ trust in traditional information [20]. Hence, this leads
to growing research on this topic. The search results indicated that, during the analyzed
period, there were 444 results from the Web of Science Core Collection for the management
accounting and digitalization keywords. Publications analyzing management accounting
and digitization have been growing rapidly since 2018 (46), while, in 2021, it reached 118
items. It is to be observed that most search results were related to the management (128),
economics (112) and business (102) fields, such as “digitalization is the use of digital
technologies to change a business model and provide new revenue and value-producing
opportunities” [48] (Figure 5).
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Figure 5. Research field: management accounting and digitalization.

The analysis showed three main clusters: digitalization, management, and transformation
(Figure 6). The digitalization frame usually unfolds to include innovation, technologies, etc.
The management frame shows the importance of revealing aspects, such as effective risk
management, relevant information for decision making, and proper accounting, which
leads to better performance. The transformation frame shows that, in scientific research, it
is important to disclose possible transformation due to digitalization, big data, and social
media, which influence the future opportunities for changes in management accounting
and strategic management.
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Figure 6. Co-occurrence network of terms in the fields “management accounting & digitalization”
(2012-2022).

Management accounting and Sustainability. Stakeholders are increasingly demanding
that companies should account for the impact of their activities on the environment; due to
this, the literature on sustainability is growing not only in general terms, but also in terms of
management accounting [40,49,50]. The search results indicated that, during the analyzed
period, there were 9940 results from the Web of Science Core Collection for the management
accounting and sustainability keywords. Publications analyzing management accounting and
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sustainability have been constantly growing since 2012 (362). It is notable that, in 2021, the
number of publications under these keywords was 1818. It is to be observed that most
search results are related to the fields of environmental sciences (3634), green sustainable
science technology (3245), and environmental studies (2762) (Figure 7).

3,634 2,762 756
Environmental Sciences Environmental Studies Engineering
Environmental

1,443

Management

3,245

Green Sustainable Science Technology

1,123

Business Finance

406
Energy Fuels

Figure 7. Research field: management accounting and sustainability.

This analysis showed the four main frames: sustainability, management accounting,
environmental management accounting, and disclosure (Figure 8). The sustainability frame
showed that, in scientific research, it is important to disclose the possible opportunities and
the impact of sustainability through eco-control, sustainability implementation, and perfor-
mance measurement. The frames management accounting (through strategy, performance,
and control systems) and environmental management accounting (through economic perfor-
mance, environmental performance, and resource-based views) in the scientific research
were perceived as possible tools to promote the development of sustainability. The disclosure
frame revealed that not only tools for implementing sustainability are important, but also
the reporting of environmental results, climate change and sustainable development.
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Figure 8. Co-occurrence network of terms in the fields “management accounting & sustainability”
(2012-2022).
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Management accounting and Circularity. Gould [51] emphasized that a “circular economy
must drive management accounting in the 21st century”. The search results indicated that,
during the analyzed period, there were 528 results from the Web of Science Core Collection
for the management accounting and circularity keywords. Publications analyzing management
accounting and circularity were produced the most frequently in 2021 (176). It is observed
that most search results are related to the environmental sciences (274), green sustainable
science technology (187), and engineering environmental (164) fields (Figure 9). This result
is not surprising, as the theme of circularity is very close to the theme of sustainability.

164 82
Engineering Environmental Environmental
Studies

49 27

Green Sustainable Science Technology Management Business

Figure 9. Research field: management accounting and circularity.

In light of this analysis, we indicated two main frames: circular economy and envi-
ronmental management accounting (Figure 10). The environmental management accounting
frame unfolds as performance and cleaner production, which could be achieved through
eco-innovation, a resource-based view, and corporate finance. This environmental man-
agement accounting frame could be understood as a tool to implement the other frame,
circular economy, which was expressed as sustainability, which could be achieved through
the supply chain, waste management and management in general.

chiipa
perfofnance
waste § =
N cleaner gfoduction
circuta.anomy
* ecosinfigvation
AV —resourceiased vie
e environmental r.uagement accou view
sust‘bmty
corporag finance

Figure 10. Co-occurrence network of terms in the fields “management accounting & circularity”
(2012-2022).
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To summarize, from the results of the co-word analysis (from the Web of Science Core
Collection) for the period of 20122022, it could be observed that broader search results were
obtained when analyzing such keywords as management accounting and sustainability, which
revealed that sustainability should be implemented through appropriate management
accounting tools and should be clearly communicated and reported, thereby indicating
possible future opportunities and impacts.

4.2. The Changing Role of Management Accounting in Product Development

Management accounting and Product development. Management accounting can assist
in the product development process in a variety of ways. The main way is to determine
the financial viability of a product. The search results indicated that, during the analyzed
period, there were 175 results from the Web of Science Core Collection for management
accounting and product development keywords. Publications analyzing management
accounting and product development were very constant (about 25 articles a year). It is
observed that most search results were related to management (62), business finance (44),
and business (42) fields (Figure 11).

42

Business

7

Social
Sciences
Interdiscipl

6

Environmental Studie:
15
Green Sustainable Science Technology 6
Operations Research
Management Science

Figure 11. Research field: management accounting and product development.

16

Economics

The analysis indicated four main frames: innovation, management accounting, man-
agement accounting, performance, and strategic management (Figure 12). The management
accounting frame showed that, in scientific research, it is important to disclose product inno-
vation and sustainability issues in product development. The frames strategic management
(through research and development, systems, and cost management) and innovation (through
its evolution and knowledge) in scientific research were understood as the way they should
be in line with management accounting and lead to the performance frame. The performance frame
can be ensured through product design, management control, and control systems.

After exploring the cluster network, it was of interest to note that there is relatively
strong relatedness of the keywords, as they are close to each other (Figure 13).

In addition, it is of interest to discover the evolution over time of the keywords in the
network by using the overlay and density visualization of VOSviewer, which shows the
same network displaying the total occurrence and the time period of research relating to
each keyword. It can be observed that the present research issue is a recent topic, with the
average time of publication of a paper ranging between 2018 and 2020. The evolution of
the relationship between keywords due to the changing role of management accounting in
product development is shown by the colors, which are defined by the average paper per
year of each keyword, with the yellow color representing the most recent and the dark blue
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color representing the oldest publications. Hence, this shows a demand for studies focused
more on changes in management accounting due to digitalization and circularity.
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Figure 12. Co-occurrence network of terms in the fields “management accounting & product devel-
opment” (2012-2022).
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Figure 13. Evolution of the relationship between keywords due to the changing role of management
accounting in product development.

To summarize the results, it could be observed that management accounting is an
appropriate tool to ensure product development and overall company performance.
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5. Discussion and Conclusions
5.1. Discussion

Implementation of an interdisciplinary view and the results of the co-occurrence
network of terms in the field management accounting, digitalization, sustainability, circularity
and product development led to three directions being proposed for the analysis of the
changing role of management accounting in product development (Figure 14).

Management accounting

S
NN

Digitalization -

eclimate change eresponsibility emodel esustainable development, etc.

esustainability esupply chain ewasteechallenges, etc.

eimpact ecompanies ®eco-control eopportunities, etc.
eperformance econtrol-systems esocial- responsibilityeSMEs, etc.

einnovation etechnology edigital transformation, etc.
eimpact eperformance erisk management einformation, etc.

‘ ebig data edigitization etransformation eopportunities, etc.

Digitalization”

1,e%

o

Product development

Figure 14. Changing role of management accounting in product development with directions to
digitalization, sustainability, and circularity.
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Quattrone [52] stated that the evolution of management accounting as a practice is the
main source of knowledge for decision making; due to this, the “digitisation of accounting
will require management accountants to be able to exercise judgement (rather than to
possess data-processing capabilities)” [53] (p. 8). In addition, changes in management
accounting due to digitalization were stressed by Bessieux-Ollier [54], as the use of digital
technologies will be key for developing a dialogue that is conductive to decision making.
Bhimani [55] also supported this idea by arguing that “the possibilities for the digitally
enabled business create a range of ‘information literacy’ challenges as well as new possibilities
for accounting information providers” (p. 470), which also leads to proper decision making.

Taking into account the changes in management accounting due to the sustainabil-
ity issue and considering that this topic is relatively extensively developed, it was noted
that current practice and future potentials were from different points of view, such as
environmental management accounting implementation [56,57]; financial, social, and
environmental disclosure [58]; and environmental issues reporting [59-61]. In terms of
circularity, it is observed that changes in management accounting are also related to en-
vironmental issues [62,63]. In addition, Dorado, Leal and Vila [64] noted that companies
implementing environmental aspects in their management accounting adopted a higher
number of circular economy practices.

Management accounting plays an important role in addressing the issues of product
development. Unfortunately, companies are not taking full advantage of it. A study of
Taipaleenmaéki [65] analyzed issues in new product development from the perspectives
of the absence and presence of management accounting. The research indicated that, in
new product development, management accounting absence stems from such factors as the
technical, economic, functional, and a lack of consideration arising from an engineering-
oriented culture. Meanwhile, recently, authors have been analyzing such aspects as how
the new product development process can be underpinned by management control anchor
practices (e.g., [66]).

The determination of the important aspects to be considered for the changing role of
management accounting in product development revealed that, considering the research
directions (digitalization, sustainability, and circularity), innovation is found to be treated
as the main driver for the changes in management accounting in product development.
On the one hand, innovation leads to changing the management accounting techniques
and the methods that are currently evolving [67]; on the other hand, a changing product
determines that management accounting must function appropriately in response to a
changing environment. The role of innovation in the evolution of management accounting
was also stressed by Chenhall [68], who tried to examine how management accounting
evolved from the traditional, cybernetic approach, to a control operating within a closed
system with little attention to adaptive processes. According to Barros [69], innovation can
be weighed against the necessity of goal achievement taking place within fields in which
a company can exploit the developed effort. This means that companies should redesign
their management accounting to enhance the proper product development by taking into
account the aspects of digitalization, sustainability and circularity.

Moreover, the research revealed that, if considering the research directions (digi-
talization, sustainability, and circularity) and innovation as key drivers for changes in
management accounting in product development, the better performance of a company
is observed as a consequence of this process. This result is in line with Gomez-Conde,
Lunkes, and Rosa [39] who claimed that management accounting can help companies
to achieve the potential benefits of innovation [70], as stakeholder pressures are forcing
companies to be more environmentally efficient and transparent [71-73]. In addition, our
research results are in line with other scientists’ research [39,71,74-76], which have been
emphasizing the ways innovation practices can play a significant role in organizational
performance. Hence, the superior performance of a company can be more productive due
to the digitalization aspects being used; it may be superior in terms of taking into account
the attitudes and pressure of customers and the entire society towards sustainability, and it
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may become more beneficial due to the applicable aspects of the circular economy so as to
save available resources.

5.2. Conclusions

Regarding RQ1, analysis of the previous studies allowed us to distinguish the main
broad directions in product development: digitalization, sustainability, and circularity.

Furthermore, RQ2 allowed identifying the directions of management accounting
according to digitalization, sustainability, and circularity. Analysis of the results of co-
occurrence revealed that, in the scientific research, sustainability is one of the most impor-
tant topics in the analysis of management accounting. However, aspects of digitization are
also fundamentally important in the scientific literature so as to ensure that the impact of
digitization on the changes in management accounting should be sustainable as well.

Finally, RQ3 contributed to the determination of the important aspects to be considered
for the changing role of management accounting in product development. Considering the
research directions (digitalization, sustainability, and circularity), innovation is found to be
treated as the main driver for the changes in management accounting in product develop-
ment, which, in some way, can be seen as a consequence of better company performance
that can be linked to sustainability and circularity.

Limitations and future research directions. One limitation of the bibliometric analysis
and a systematic literature review is that the obtained results were not tested to ascertain
whether they are statistically significant; due to this, there is a need to test the research
results empirically, which should show possible future research direction(s). In addition,
the results of the co-word analysis cover a fairly limited period, i.e., a decade from 2012 to
2022. On the other hand, looking at the relevance of issues in the fields of digitalization,
sustainability, and circularity, the time period is reasonable. The period of the analysis spans
between 2012 (January) and 2022 (February). As this topic is very relevant, we included
two months of 2022 into our analysis in order to disclose the actual/current papers on the
topic. However, we understand that the number of journals increased during this time, and
it should be taken into consideration that the performed analysis should be repeated at the
end of the analysis period to assess whether the trend of determining the changing role of
management accounting in product development with different directions is still the same.
Furthermore, there is a risk of the researchers’ subjective interpretation of the results from
the research analysis. Although the authors were careful to choose the best search terms
related to the research aim, some potentially relevant papers may have been excluded.

The analysis allowed identifying the changing role of management accounting in
product development with the directions to digitalization, sustainability, and circularity
theoretically, while the demand for practical insights and quantitative data analysis can be
an extension for the future research.

This study contributes to the management accounting literature by providing novel
evidence on research directions, such as digitalization, sustainability, and circularity in the
field of product development, which could be the basis for the directions of the future research.
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