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business, especially when it comes to custom furniture or low-volume runs. Unlike their
larger-scale, industrial counterparts, however, small woodworking operations have
limited resources, are characterized by higher levels of product variation, and utilize a
much greater proportion of manual processes. Therefore, organizing production
workflows becomes more complex than in their industrial counterparts. Research into
the U.S. furniture manufacturing industry has traditionally focused on large-scale
industrial manufacturing, automation, and technological improvements, while generally
ignoring the operational constraints faced by small-scale manufacturing operations. This
research addresses this void by examining how small woodworking businesses organize
production using both theoretical knowledge from manufacturing research and real-
world industry experience. This research examined major production stages, including
(1) raw materials preparation; (2) machining; (3) assembly; and (4) finishing, as well as
how digital technologies such as computer-aided design (CAD), computer numerical
control (CNC) systems, etc., improve production workflow efficiencies. Special emphasis
was placed on the role of digital technologies in coordinating production processes,
ensuring quality, and managing the consistent production of customized products. The
results of the research indicate that the effective organization of production processes in
small woodworking businesses is dependent upon the implementation of structured
workflow management, accurate material flow, and quality control at each step of the
production process. In addition, the research provides a practical, process-oriented
framework for improving production efficiency and product quality in small-scale
furniture manufacturing.
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HeBenuki nepeBoo6po6Hi KoOMIaHil € BaXKJIMBOIO YaCTUHOI MebsieBoro 6i3Hecy CIIA,
0CO06JIMBO KOJIU HIeThCsl PO Me6J1i Ha 3aMOBJIeHHS1 a60 HeBeJIMKi 06CSAITM BUPOOHUIITBA.
OpHak, HA BiAMIHY BiJi CBOiX 6i/bII MacIITaOHUX MPOMHUCJIOBHUX aHAJIOTIB, HeBEJIHKI
JlepeBO06PO6HI miMPHUEMCTBA MalOTh 0OMeXeHI pecypcH, XapaKTepU3yThCs BULUM
piBHEM pi3HOMaHITHOCTI MPOAYKIl Ta BUKOPUCTOBYIOTH HabaraTo O6ijJbIly YacTKy
pyuHuX npoueciB. ToMy opranisaliss BUpoGHUUUX po60YUX MPOLECIB CTA€E CKIAAHILION0,
HiX y IXHiIX NpoMHUCI0BUX aHasorax. JlociifkeHHss Me6sieBoi mpomucioBocti CIIA
TpaAULiHHO 30cepe»KyBaMCs Ha BeJIMKOMaCIITAGHOMY IPOMHUCJI0BOMY BUPOOGHHUIITBI,
aBTOMaTH3allii Ta TEXHOJIOTIYHUX YyJO0CKOHAJIEHHSX, 3arajoM irHopyrwouu olepaliiiHi
00MeXXeHHs1, 3 IKHMU CTHKaIOTbCS Api6HOMacmTabHi BUpo6HUYI mignmpuemctsa. Lle
JIOCJ/IiDKEHHST BUPILIYE L0 NPOTaJHWHYy, AOCI/PKYIYH, sIK HeBeJHKi JepeBoo6poO6Hi
niIPUEMCTBA OPTraHi30BYIOTh BUPOOHHUI[TBO, BUKOPUCTOBYIOUYH SIK TEOPETHUYHI 3HAHHSA
3 JOC/iIKeHb y rajysi BUpOOHULITBA, Tak i peaJbHUM rasy3eBUd AOCBif. Y 1jboMy
JOCiKeHH] pO3IJIIHYTO OCHOBHI eTanmu BUPOOGHUILTBA, BKAKOYaloud (1) miAroToBKy
CUpPOBUHY; (2) MexaHiuHy 06po6Ky; (3) ckiafaHHs; Ta (4) 034006/1€HHS, a TAKOX Te, SIK
nudposi TexHosoril, Taki K CHCTEMHU aBTOMaTH30BaHOTo mnpoekTyBaHHA (CAIIP),
CHUCTEMH YHcJI0BOro nporpamMHoro kepyBaHHs (UI1K) Tomo, nigBuIyoTh eGeKTUBHICTD
BUPOOHUYMX pO6OUMX MporieciB. 0COOTMBUN aKIeHT 6YJI0 3p06JIeHO Ha POJTi UPPOBUX
TEXHOJIOTiH y KOOpiMHAIil BUPOOHUYHMX NPOLECiB, 3a0e31e4eHHi IKOCTi Ta yrnpasJiiHHI
CTabiJIbHUM BUPOOHMUITBOM NpOAYKLil Ha 3aMoBJeHHs. Pe3ynbTaTH [AOC/IifKeHHSA
N0Ka3yloTb, L0 edeKTHBHA oOpraHisanis BHUPOOGHUYMUX IIpOLECiB Ha MaJuX
JlepeBO0OpOOHUX MiANPUEMCTBAX 3aJ€XUTb BijJ, BOPOBAPKEHHS CTPYKTYPOBAHOIO
yHpaBJliHHSI pO60YMMHU NMPOLECAMH, TOYHOTO MOTOKY MaTepialiB Ta KOHTPOJIIO SIKOCTI
Ha KOXXHOMy eTamni BUpoOGHHYOro mnpouecy. KpiM Toro, [ociifKeHHs IIPOIOHYE
NpPaKTU4YHYy, MpOLECHO-OPIEHTOBAaHY OCHOBY [UIs MiJBUILEeHHS e(eKTUBHOCTI
BUPOOHUIITBA Ta IKOCTi MpoAyKLUii y Api6GHOCEpiiHOMY BUPOOGHUILITBI Me6JIiB.

KJ/IIOYOBI CJI0OBA
JlepeBo06pO6HI BUPOGHUYI cCHCTEMH, ApiOHOCEpiliHE BUPOOHUIITBO, BUPOOHHUIITBO
Me6JIiB  Ha 3aMOBJIEHHSl, OpraHisalis BUPOGHUYOTO MPOILECY, MPOLECH

BUPOGHUIITBA MeOJIiB, eQEeKTUBHICTh BUPOGHHUIITBA.
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1. Introduction

The U.S. woodworking and furniture manufacturing industries are comprised of both very large-
scale manufacturers producing standard, mass-produced items (and therefore, controlling a significant
portion of the market) and smaller woodworking shops, which produce high numbers of one-of-a-kind
or very low-volume products for their customers.

Compared to large-scale industrial manufacturers, these enterprises have two main
characteristics: they can produce a variety of products on a relatively small scale; and they use highly
variable materials (e.g., wood), which often cannot be fully automated. Therefore, small woodworking
businesses must develop flexible but organized production systems that meet the demands of their
customers for higher-quality goods at faster lead times.

To date, most of the research in furniture manufacturing has focused on large-scale industrial
manufacturing systems, ways to optimize technology, and how to improve efficiency through
automation. Research highlights the importance of machining technologies, digital design software and
the integration of various production systems in improving productivity and quality. On the other hand,
there is little evidence of studies examining the organization of production processes in small
woodworking businesses, where the nature of the production environment is very different than in
industrial settings.

In small-scale woodworking business environments, production efficiency will depend upon the
company's organizational ability to coordinate workflow, coordinate production stages and maintain
quality consistency in the production of customized goods. Additionally, companies without formal
production organizations may experience problems with inefficient production, including wasted
materials, delayed production times and inconsistent finishes.

This paper attempts to assess the organization of production in small woodworking businesses in
the United States. This paper examines the structure of production workflow, the roles of digital
technologies, and the challenges involved in the production of custom furniture. This study intends to
create a process-oriented view of enhancing efficiency and quality in small-scale woodworking
production, based on both theoretical research findings and practical experience in the industry.

Unlike existing studies that primarily focus on technological advancement and large-scale
manufacturing systems, this study adopts a production-organization perspective grounded in real
operational environments.

The novelty of this research lies in its focus on process coordination, human-centered decision-
making, and workflow integration in small-scale, high-variability production systems, which remain
underrepresented in current literature.

2. Literature Review

2.1. Transformation of Furniture Manufacturing Systems: From Craft to Hybrid Production Models

The development of furniture manufacturing represents a movement toward both increased
technology and structuring of manufacturing from a craft-based approach toward greater
mechanization and systematization. Traditional woodworking was based upon a craftsman's skill set
and utilized decentralized workflows. Thus, the quality and efficiency of the products produced by
traditional woodworking practices was dependent upon the craftsman who was producing the product.
However, Ratnasingam has identified a move toward utilizing engineering principles, process
standards, and optimizing workflow, which represent a more structured form of production [12].

Despite the increase in use of structurally integrated manufacturing approaches, there is also
evidence of a non-uniform application of these new forms of manufacturing. Specifically, while larger-
scale furniture manufacturers are adopting fully automated and standardized manufacturing systems,
smaller to medium-sized enterprises (SME) are using hybrid systems. Hybrid systems incorporate both
manual processes and selected technologies. The difference in the structure of the manufacturing
systems being used by large versus small/medium-sized manufacturers is most apparent in the U.S.
furniture manufacturing sector. In the U.S. furniture manufacturing sector, there are ongoing
innovations occurring in addition to the continued use of traditional craft-based manufacturing
techniques [13].
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However, it appears that many researchers are assuming that the evolving manufacturing trends
represent a linear progression toward automation and industrial efficiency. However, such assumptions
may be based on the experiences of larger manufacturers and do not capture the constraints imposed
by the structure of small woodworking businesses. Specifically, for many small woodworking
businesses, it is not possible or even desirable to adopt fully industrialized production methods.
Therefore, the current body of research does not accurately represent the hybrid nature of the
production systems that are typical of small-scale custom furniture manufacturing.

2.2. Digitalization and Industry 4.0: Opportunities and Structural Limitations

A large body of recent research has concentrated on how Industry 4.0 technologies can be
integrated into woodworking and furniture manufacturing processes. Most of the research found that
digital tools - like CAD systems, CNC machines, and the ability to monitor production data - are
important tools for improving precision, efficiency, and overall process integration [4; 17].

In addition to providing an expanded view of the potential impacts of digital transformation, other
research has identified some of the additional effects of digitalization. For example, Rame et al. note that
digitalization allows for more flexible responses to changing demands in furniture production,
especially in situations where customized products are being manufactured [11]. Similar arguments
have been made about "factory of the future" principles, which include digitalized production systems
and adaptable production systems [9].

However, it is clear from the literature that there is an apparent contradiction. Technological
capabilities have been discussed at length, yet most empirical research suggests that actual
implementation of the technology is variable. For example, Kirklikci demonstrated that employees'
knowledge of and willingness to adopt Industry 4.0 technologies varies greatly, suggesting that financial
capability is not the only factor limiting the adoption of Industry 4.0 technologies - organizational
capabilities and workforce competency are also limiting factors [7]

Furthermore, Landscheidt et al. noted that when robotic automation is technically possible, the
adoption of the technology in woodworking industries is limited because of the variability of products
made with the technology, the variability of the materials used in the products, and the difficulty of using
robots to handle natural materials such as wood [8].

Overall, the findings of the studies suggest that digitalization alone will not solve the production
inefficiencies experienced in small woodworking companies. The research appears to place too much
emphasis on technological solutions, while minimizing the role of process organization, workflow
coordination, and human factors in the operation of production systems.

2.3. Production Optimization and Process Efficiency in Woodworking

The engineering and systems perspectives of optimizing production processes have received
extensive attention. Hosseini and Peer provide a broad review of the use of optimization techniques in
wood products manufacturing, which includes the use of production planning and resource allocation,
along with process modeling to increase efficiency [6].

Additionally, Ratnasingam highlights the role of structured production engineering techniques,
including workflow sequencing, machine utilization, and integrating quality control [12]. These types of
optimization techniques are mainly applicable to controlled production environments where processes
can be standardized and variations in the production process are minimal. However, the application of
these models to small-scale woodworking businesses, or custom furniture production companies that
have high variability in design, materials and production needs, is not feasible.

The optimization models described previously also include various production phases (drying,
machining, and finishing), which introduce additional complexities. As an example, Bowe et al. indicate
that highly technical processes such as kiln drying require specialized knowledge and training,
especially in areas such as the Northeastern United States [3]. Therefore, the process-specific expertise
required for each of these production phases is typically not included in generalized optimization
models.

2.4. Flexible Manufacturing and Customization: The Mini-Factory Paradigm

Flexible manufacturing approaches, which allow for both efficiency and customization, have been
developed through the use of flexible manufacturing systems (FMS). These include mini-factories and
close-to-the-customer production systems. Barni et al. suggest that mini-factories are small-scale,
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integrated production units capable of producing a wide range of custom products with faster response
to customer requests [2]. This is part of a larger trend towards mass customization and decentralizing
production.

Landscheidt and Kans demonstrate how FMS can improve adaptability in the wood product
industry. However, the majority of the current literature assumes that there will be sufficient
technological integration and process standardization to achieve the benefits of FMS, which is typically
not the case in small-scale woodworking operations [9]. Most small woodworking companies currently
operate with non-integrated workflow processes, limited automated technology and manual
coordination of different parts of the production process.

Therefore, much of the literature presents an idealized view of flexible manufacturing that does
not accurately represent the day-to-day reality of small-scale production. As a result, there is currently
a lack of research focused on empirically examining how flexibility is practiced within constrained
resources.

2.5. Sustainability and Resource Efficiency in Woodworking Production

Furniture manufacturers increasingly incorporate sustainability into their production process,
focusing on circular economies, reducing waste and using resources efficiently. Awan and Sroufe
emphasize the use of circular economy principles when developing business models that provide
minimal waste and increase the life cycle of products [1]. Woodworking, like other forms of
manufacturing, also creates opportunities for improving material efficiency and waste management.

De Souza Pinho et al. compared the environmental effects of managing wood wastes through
recycling or recovering energy versus sending wood wastes to landfills. They found that both recycling
and recovering energy have large positive effects on the environment relative to landfilling [5]. In terms
of product design, Zhang et al. note that designers can create more sustainable products by designing
for recyclability [18]. Additionally, Schubert et al. explain that sustainable production involves many
variables due to the natural variations inherent in all raw materials. While this body of work provides
insight into how to make sustainable production systems operational in theory, the current state of
sustainable practice among SMEs varies widely [14].

Purwandani and Michaud identified several reasons why some SMEs do not adopt sustainable
practices, including cost, lack of knowledge or experience, and limited availability of necessary
resources [10]. SedliaCikova et al. provided additional information by indicating that the absence of
established benchmarks complicates the process of implementing green growth initiatives in
woodworking companies [15].

Furthermore, Viholainen et al. argued that sustainability should be approached from an ecosystem
perspective. This would involve cooperation between multiple stakeholders within supply chains. Such
an approach could be challenging for independent small businesses [16]. Overall, although there is
extensive research regarding sustainability, there is still much to explore concerning the practical
application of sustainability into the day-to-day operations of small woodworking businesses.

2.6. Synthesis and Research Gap

The review of current literature has identified the following key shortcomings in the analysis of
production systems:

1. Scale bias in production system research

Research on production systems, for the most part, has focused on large-scale industrial
manufacturing systems, and very little research has been conducted in relation to small woodworking
enterprises, which can be characterized as being highly variable and producing at low levels of volume.

2. Technological determinism

Digitalization, automation, and Industry 4.0 are technologies that are presented as solutions to
production problems; however, empirical evidence indicates that adoption of these technologies is
constrained and uneven in SME's.

3. Deficiencies in process-level analysis

Production optimization and flexible manufacturing are common discussion topics; however, in
sufficient extent, the literature is focused on the practical organization of production flows, coordination
between different stages in the production system, and the challenges actually encountered in day-to-
day production operations.

4. Differentiation in the research domain
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The research domains of sustainability, digitization, and efficiency are usually examined
separately, with little or no research integrating all of the above-mentioned areas of interest into a single
understanding of production systems.

5. Relatively limited incorporation of perspectives from practitioners

Literally none of the current studies include any detailed insights from personnel who actively
participate in the production processes; this creates a lacuna between theoretical models and the actual
implementation of production systems.

2.7. Contribution of This Study

This paper addresses these gaps by:

« focusing specifically on small woodworking businesses in the United States

« analyzing production processes as integrated workflows rather than isolated stages

* emphasizing the role of process organization alongside technological tools

e incorporating practical industry experience to bridge the gap between theory and real-world
production

By doing so, the study provides a more comprehensive and practice-oriented understanding of
how production efficiency and quality can be achieved in small-scale woodworking manufacturing.

3. Problem Statement

The problem addressed in this study is the lack of systematic approaches to organizing production
processes in small woodworking businesses operating under conditions of limited resources, high
product customization, and predominantly manual production.

4. Methods and Materials

4.1. Research Design and Approach

The research methodology employed in this study is a qualitative, practice-based research design
that examines how the processes of manufacture within small woodworking enterprises are organized.
Due to the fact that small-scale furniture manufacture exhibits significant variation, customization, and
low levels of standardization; therefore, purely quantitative or model-based approaches are unable to
capture the complexities present in real-world production settings. A qualitative framework will allow
for a more detailed examination of workflow structures, process dependencies, and operational
constraints than could be achieved through a purely quantitative or model-based approach.

This study has been conducted using a case-informed analytical approach, which draws upon
academic literature relating to the subject area, along with first-hand practical experience gained from
working in the U.S. woodworking industry. Studies concerned with optimizing production processes,
utilizing simulation models or abstracted representations of production systems [6], focus primarily
upon theoretical aspects of production processes. In contrast, this study examines the production
processes used in practice and seeks to identify the inefficiencies, coordination problems, and quality-
related problems that are typically not evident in theoretical models.

Through the integration of both theoretical perspectives and observations made from the field of
practice, the study has adopted an interpretative research paradigm. Therefore, it views production
systems not simply as technical systems, but rather as social-technical systems that are formed through
the actions of individuals making decisions, the physical characteristics of materials, and the
coordination of workflows.

This study employs a qualitative, case-informed research design based on structured observation
of real production environments. The approach integrates direct participation in production processes,
workflow documentation, and analytical interpretation of operational practices.

Rather than relying on abstract modeling, the study focuses on empirical observation of
production systems as they function under real constraints, including variability of materials,
customization requirements, and limited formal planning.

4.2. Empirical Context

The empirical base of this study was developed from the authors' personal experiences working
in two small woodworking firms in the U.S., Moda Woodworking and Zalitok Fabrication LLC. The two

6



Zalitok, V. Public Management and Policy No. 5(21) (2026)

different firms provided two unique views of organizational approaches to production in similar small-
scale manufacturing settings.

Moda Woodworking produces custom interior furniture, primarily custom kitchen cabinets and
residential wood components. As such, it has a very high level of precision in its production processes,
complex finishing steps, and very high standards for finish quality. On the other hand, Zalitok
Fabrication LLC produces outdoor furniture utilizing a combination of wood and metal fabrication. This
requires consideration of structural durability when exposed to the outdoors, and hybrid materials with
wood and metal.

At the time of the sampling event (since November 2023), MODA Woodworking reported having
a staff of 13 personnel working on 8-12 residential projects monthly, primarily within the range of 2,500
sq ft. During the study cycle, we saw measurable growth in the company, up to and including 17
employees and production capacity increased to 15-20 projects/month. Simultaneously, this work
encompassed traditional building projects to include large-scale custom commissions ranging from
$250,000 to $300,000 with sizes of up to 8,000 sq ft. A dynamic environment that allowed the
researchers to study variations in production organization in the context of scale and complexity
occurred.

The use of both companies allowed the researchers to gain a broadened understanding of how
workflow organization and production issues are similar or differ in various production environments
and at the same time maintain a focus on the commonalities associated with small-scale, customized
manufacturing systems.

The observational period spans from November 2023 to December 2024, during which
production processes across multiple projects were analyzed.

The study includes observation of approximately 30-50 projects across different levels of
complexity, including high-value custom residential installations.

4.3. Data Collection

The data that is collected for this study is a result of long-term interaction with production
systems and therefore is largely qualitative. The method is built upon observation and documentation
of production processes, which also provides the researchers with experience-based knowledge by
allowing them to actively participate in the manufacturing processes.

During observation, the researchers followed the major phases of the production process -
preparation of materials, machining, assembly, finishing, and inspection - and paid particular focus to
the ordering of work tasks; the relationships of one task to another; and the communication between
each phase of the production system. Through these observations, the researchers were able to
determine areas of bottlenecking and inefficient operation within the production process, as well as
locations of error occurrence. In addition to qualitative observations, selected process stages were
assessed using time-based measurements, particularly in the final inspection and shipping phase, where
workflow duration served as an indicator of process efficiency.

Documented records of the production workflow were developed throughout the course of the
study using process mapping and an examination of each production stage. This documentation tracked
the movement of materials, identified the critical control points at each stage of production, and
examined how deviation from the standard operating procedure affects overall production.
Documentation of this type fits into a larger framework of process-oriented methodologies used in
production engineering [12], but extends this to smaller-scale, less formalized production
environments.

One of the largest components of the methodology for this study is the inclusion of knowledge
provided by practitioners as a result of their hands-on experience in producing goods. Practitioners
participated in various aspects of the production process - such as assembly, application of spray
finishing techniques, and quality control procedures - to provide the researchers with experience-based
information about what occurs during production. Experience-based information, such as the behavior
of materials during finishing or operational limitations placed on workflow coordination, is difficult to
obtain using traditional research methodologies.

Data were collected through a combination of:

¢ direct observation of production workflows

e participation in production activities (assembly, finishing, quality control)

e process mapping of material and workflow movement
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« time-based measurements at selected production stages (e.g., inspection and loading). Particular
attention was given to identifying workflow bottlenecks, sources of variability, and points of defect
propagation across production stages.

4.4. Analytical Framework

The analysis has a process-based model and will examine production as a series of linked stages
as opposed to independent processes. The analysis at each stage of the production process is based upon
the role of the individual process within the total flow process. The focus will be on the effects that
decision-making and results from each stage have on other stages in the process.

There are five main stages in the furniture manufacturing process: material preparation,
machining, assembly, finishing, and quality control. These stages are viewed as part of an integrated and
dynamic process with feedback mechanisms (for example, reworking due to defects caused by
finishing), which significantly impact the efficiency of the production process.

For each of these stages, the analysis will evaluate the structure of the workflow, resource use,
variability, and the interaction with adjacent stages. This will allow for identifying the causes of systemic
inefficiency in the process (for example, if the machining process does not produce a product accurately
enough for the finishing process, or if there is not adequate surface preparation before coating).
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Figure 1. Eastern Partnership Index 2021-2025
Source: Production Workflow in Small Woodworking Businesses.

4.5. Reliability and Limitations

Qualitative and practice-based approaches provide detailed insight into actual production
settings; however, they also present limitations. The findings are based on a limited number of cases
that limit the ability to generalize. However, the intent of this research is not statistical generalization.
Instead, it is to develop analytical insights regarding the structure of production organizations.

Practitioner experience may introduce subjective biases for the researcher since the researcher
is directly involved with the process being studied. Subjective bias is mitigated through systematic
observation and relating study findings to established literature in woodworking and manufacturing
systems.

Finally, this research is reflective of the specific context of small U.S. woodworking firms. Although
some findings from this study may have relevance to similar firm types, the specific characteristics of
regional practices, labor markets, and technological diffusion can limit the generalizability of the
findings.
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5. Results

The findings are organized into key operational patterns observed across the studied production
environments. These patterns reflect recurring structural characteristics rather than isolated events.
Operational improvements were observed in later-stage coordination processes, particularly in
inspection and loading, where structured workflow interventions significantly reduced processing time.
The production process of wood-working enterprises follows a generally known sequence of raw
material preparation, manufacturing (machining), assembly, finishing, and quality control. However, the
described sequence is mostly not realized in a linear sequence but rather as a flexible and cyclically
connected system. Thus, there is no clear linearity in the flow of production. Loops are formed between
the different production stages, especially between the finishing phase and previous preparation steps
and between the assembly and machining steps. Therefore, production is carried out in a cycle rather
than in a linear fashion.

On the other hand, empirically, the studied enterprise showed significant operational growth
although it lacked formal production systems. Production volume increased from around 8-12 to 15-
20 projects a month and the workforce grew from 13 to 17 persons. Simultaneously, the company
conducted uninterrupted daily shipping operations, which was further testament to a higher level of
workflow coordination and throughput capacity.

One of the main characteristics of such systems is their informal organization of production. The
coordination of workflows is done on an ad-hoc basis by means of real-time decisions instead of
according to predetermined production plans. Formal scheduling is rarely performed and the
sequencing of tasks is continuously adapted in response to changes in workload, time constraints, and
availability of input materials. Consequently, several production stages are usually operated in parallel
without being strictly synchronized. This informal coordination model was supported by a high
proportion of repeat clients, estimated at approximately 75-80%, indicating that operational flexibility
did not negatively affect perceived service reliability.

This is closely linked to the fact that process control in these organizations is distributed. Decision-
making authority is not located centrally but is divided among employees. Employees decide when
components have been prepared sufficiently for them to be moved on to the next stage, whether
adjustments are needed, and whether the results of intermediate production stages correspond to their
expectations. The transitions between the different stages of production are therefore controlled on an
individual basis rather than according to standardized acceptance criteria.

In view of the organizational conditions prevailing in these enterprises, the stage of material
preparation does not represent a stage that can be clearly separated from other stages. Sanding and
conditioning, for example, are commonly carried out in conjunction with machining and assembly.
Moreover, variability in the material condition of products entering the production process, such as
variations in moisture content and surface roughness, exists already at the start of production. There
are no standard procedures for verifying the consistency of product properties before they undergo
further processing.

Machining processes in these enterprises are organized in a hybrid form, i.e., they comprise both
digital (i.e., computer-controlled) and manual operations. CNC machinery is used in those cases where
identical parts are produced, whereas manual machining is employed for custom parts. The interaction
between these two types of operation is not structurally defined. Adjustments resulting from deviations
in material behavior or dimensional variation are typically made in subsequent stages of production.

Assembly represents an adaptive and corrective stage. During assembly, components are fitted
and aligned on the basis of their actual dimensions and requirements, rather than in accordance with
previously specified tolerances. Manual adjustments are frequently necessary. As a consequence of the
lack of standardized assembly protocols, variations exist in the methods and sequences employed for
assembly, and it is often assembly that corrects the consequences of inconsistencies introduced in
preceding stages of production.

Finishing represents both a final stage of production and a location of defect-detection. Surface
preparation before the application of finishes is not uniformly standardized. Finishes applied to
products depend on the performance of the preceding stages of production and on the environmental
conditions existing within the workplace. It is relatively common for finishing products to require
rework. Rework is typically handled locally. There are no formal mechanisms in place for providing
feedback to earlier stages of production.
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Quality control is not established as a formalized or independent system. Rather, quality control
is integrated into ongoing production activities. Quality inspections are primarily carried out visually
and are concentrated in the latter stages of production. When defects are identified in products, they are
corrected via rework. Rework represents the primary mechanism available for correcting errors in
products. Standardized measurement or documentation procedures are not uniformly employed.

Material utilization and waste disposal are also not established systematically and coordinated.
Waste is generated during cutting, machining, sanding, and rework processes. Material utilization is
increased due to repetitive correction processes. Off-cuts and residual materials are handled in an
operational manner and do not follow any structured management practices.

The descriptions provided above may be summarized in the following table (See Table 1).

Key Finding

Table 1. Synthesis of Findings

Alignment with Literature

Contradiction / Gap

Implications

Non-linear production
workflows with
feedback loops

Human-centered
decision-making

Hybrid CNC and manual
processes

Reactive quality
control and rework

Supports process
interdependence [6]

Consistent with workforce
constraints [7]

Matches hybrid industry
structure [13]

Supports process
dependency theories

Challenges linear
production models
(Ratnasingam, 2023)

Underestimated in
Industry 4.0 literature

Poor integration not
addressed in literature

Lack of preventive
control emphasis

Need adaptive
workflow design

Formalize decision-
support systems
without removing
flexibility
Improve stage
integration rather than
full automation

Introduce early-stage
quality checks

Waste driven by Aligns with sustainability Organizational causes Reduce waste through
rework concerns [5] underexplored process structuring
Limited digital Matches gradual Overestimation of tech Focus on incremental,
adoption digitalization trends [17] readiness in literature practical
implementation
Informal flexibility Related to flexible systems Lack of distinction in Shift toward designed
(emergent) [2] literature flexibility

Source: Compiled by the author.
6. Discussion

6.1. Production Systems as Non-Linear and Adaptive Structures

The results show the production workflow of a small woodworking business is nonlinear and
iterative; it has many iterations and loopbacks between stages, for example between finishing and
assembling (see Figure 2), to the point at which traditional Production Engineering models cannot be

applied due to their assumption of a linear process where each stage can have clear transition points [6;
12].

In practical terms, production in woodworking is typically influenced through ongoing
modifications to previously determined production processes. The characteristics of wood and the high
degree of customization involved with making furniture make this type of dynamic characteristic a
normal part of the process. Due to these factors, the current state-of-the-art for optimizing production,
which relies on a stable environment and predictable results, will likely only provide limited value.
Therefore, based upon the research findings, woodworking production can best be described as an
adaptive system.

Despite the absence of linear workflow structures, the observed system demonstrated the ability
to scale, as evidenced by the increase in production volume from 8-12 to 15-20 projects per month.
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Figure 2. Traditional Linear Production System in the Observed Adaptive Woodworking System
Source: Compiled by the author.

6.2. Human-Centered Decision-Making and Informal Coordination

The findings of this research show that operators' use of their own judgment and discretion in
making decisions about what to do next is critical to coordinating the production process. Also
important are the ways in which operators rely on their experiences and expertise when determining
what to do next. This highlights the importance of the role of tacit knowledge.

Industry 4.0 literature generally supports the idea that greater integration of technology into
manufacturing will lead to increased productivity [4; 17]. While the literature also identifies potential
barriers related to the workforce [7], the current findings suggest that the way that human judgment
and adaptation are used to coordinate is not just a limitation on how efficient an operation can be, but
it is actually a primary way that operations are coordinated.

Knowledge transfer played a critical role in stabilizing production processes, with multiple
employees being trained in specialized tasks such as staging and quality control, veneer application,
precision joinery, and aluminum-glass facade production, allowing these practices to become embedded
within daily operations.

These findings demonstrate that small woodworking businesses function as socio-technical
systems. In these systems, workers' ability to adapt to changing conditions replaces or supplements the
need for formal systems of control. This approach to production provides flexibility and adaptability.
However, because these approaches to production are informal, they provide little consistency and may
limit the ability to scale.

The importance of human-centered coordination is further reinforced by the role of internal
training and skill transfer, which enabled multiple employees to independently manage critical
production stages.

6.3. Hybrid Manufacturing: Tension Between Automation and Craftsmanship

The presence of CNC machining alongside manual processes exemplifies the hybrid
manufacturing environment found within many woodworking production systems. The differences in
both accuracy and finish quality produced using CNC machining versus manual processes reinforce an
understanding of the furniture industry as a mix of industrial and craft-based production [13].

This complexity increased further as the company expanded into high-budget custom projects in
the range of $250,000-$300,000, requiring tighter tolerances, integration of multiple materials (wood,
veneer, aluminum, glass), and more precise coordination between production stages.

The data collected demonstrates that inefficiency arises in woodworking production not because
of the hybrid structure, but because of a lack of integration between the automated and manual

11
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processes. Therefore, additional resources will be required to develop better integration methods
among the various stages of the woodworking production process.

6.4. Quality Control and Defect Propagation

The study identifies defect propagation across production stages as a major source of inefficiency.
Imperfections introduced during material preparation or machining become more visible during
finishing, leading to rework (See Figure 3).
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Figure 3. Process Flow with Bottlenecks and Rework Loops
Source: Compiled by the author.

The results support process-based views that emphasize the relationship between the various
stages of the production process [6]. However, quality control is primarily reactive as opposed to
preventative. Unlike structured production processes that have a quality assurance system integrated
into each stage of the production process [12], this research shows that the primary method for
controlling quality is through visual inspections and the use of an operator's knowledge.

The measurable reduction in final-stage processing time (from 5-8 hours to 2-3 hours) illustrates
how relatively simple organizational interventions can significantly improve efficiency without
requiring technological upgrades.

6.5. Organizational Inefficiencies and Sustainability Implications

The data collected show that material waste was directly related to inefficient processes, including
rework and a lack of standardization. de Souza Pinho et al. found similar outcomes regarding waste
generated during the production of furniture [5]. Awan & Sroufe provided evidence of the need to
incorporate circular economic thinking to reduce waste. However, this research extends these previous
views by demonstrating that sustainability challenges may be both technological and organizational [1].
By improving the coordination of workflows and decreasing rework, producers can greatly reduce
waste with minimal investment in new technology (see Figure 4).

A particularly illustrative example of process improvement was observed in the final inspection
and loading stage. Initially, this process required approximately 5-8 hours per project due to
unstructured staging and lack of standardized verification procedures. Following the implementation of
a structured staging and completeness verification system, processing time was reduced to
approximately 2-3 hours per project, representing a 50-60% reduction. This result demonstrates the
impact of workflow organization on operational efficiency, independent of technological upgrades.

By improving the coordination of workflows and decreasing rework, producers can significantly
reduce material waste and improve operational performance with minimal investment in new
technology.

An especially illustrative case of process inefficiency pertained to the final inspection and loading
process. At first, this stage took 5-8 hours per project (on about 2,500 sq ft project sizes) because of
unstructured staging and insufficient formal completeness checks. After implementation of a structured
staging and verification system, the time to completion was then reduced to 2-3 hours, reflecting a 50-
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60% reduction in process time. This enhancement allowed same-day delivery upon production
completion and decreased delays due to missing or disorganized components.
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Figure 4. Sustainability Impact Pathway
Source: Compiled by the author.

Although there are various sustainability frameworks available [15; 16], they are still relatively
rarely used. In addition to being generally available, these barriers can be explained by the general
challenges experienced by SMEs, particularly those related to resources and lack of organized systems
[10].

6.6. Digitalization and the Limits of Industry 4.0 Adoption

The research study showed that using digital technologies improved the production flexibility and
responsiveness [11]. However, the adoption of digital technologies is varied and selective. For example,
CNC technology was adopted only when it provided some operational advantages.

This study's results support the previous research that demonstrated a very low rate of usage of
digital technologies in the furniture industry [17]. The study supports the idea that Industry 4.0 will be
implemented gradually [4].

In contrast to a total transformation, digitalization of small woodworking companies seems to be
an incremental and practical process. The main limitations to digitalization in small woodworking
companies are their organizational readiness and workforce capabilities [7].

6.7. Flexibility: Designed vs. Emergent

The concept of flexible manufacturing systems (such as mini-factories) [2] provides a useful
theoretical context for understanding the findings. In addition to the flexibility characteristics of
closeness to customer and adaptability mentioned above, the studied production environments have
several other features of flexibility.

However, while the literature describes flexibility in terms of structured variety, the observed
systems represent examples of emergent flexibility. Emergent flexibility is characterized by the use of
experiences and informal practices to achieve flexibility.

While this form of flexibility allows for a higher degree of responsiveness, it also causes
inefficiency and variation. This distinction between designed flexibility and emergent flexibility
represents an important contribution. It shows that bettering organizational structures may lead to
better performance without reducing the ability to adapt.

One of the key conceptual contributions of this study is the distinction between emergent
flexibility and designed flexibility.

Emergent flexibility refers to the ability of production systems to adapt through informal
practices, operator experience, and real-time decision-making. While this form of flexibility enables high
responsiveness to variability and customization, it often leads to inconsistency, inefficiency, and
increased reliance on rework.

13



Zalitok, V. Public Management and Policy No. 5(21) (2026)

Designed flexibility, in contrast, involves the structuring of workflows, decision points, and
process coordination mechanisms in a way that preserves adaptability while reducing variability.
Rather than eliminating flexibility, it formalizes it, enabling more predictable outcomes without
sacrificing responsiveness.

This distinction provides a framework for understanding how small woodworking businesses can
transition from reactive, experience-based operations toward more structured yet flexible production
systems. It also highlights that improving performance in such environments does not require full
standardization, but rather the intentional design of flexible processes.

This distinction extends existing discussions on flexible manufacturing systems by shifting the
focus from technological flexibility to organizational and process-based flexibility.

6.8. Skills, Knowledge, and Process Variability

The findings of the research study show that the skills and knowledge of the operators are
essential for managing production variability. Material preparation and finishing are tasks that require
a lot of expert knowledge, as was shown in previous studies about wood processing technologies [3].

Therefore, variability in production outcomes depends not only on the design of the production
systems, but also on human abilities. Therefore, training and knowledge transfer should be considered
as the most important components for optimizing production.

6.9. Theoretical and Practical Implications

This research study makes an important contribution to the literature by showing that production
systems of small woodworking companies are complex organizations, and not less developed from a
technical point of view. As prior research focused on the development of new technologies, the findings
of this study show that the coordination of production processes and human coordination are the most
important factors.

Therefore, the key implication is that improvement of the efficiency and sustainability of small
woodworking companies should focus on structuring of the workflow, integration of different
production stages and formalization of the quality control processes, and not only on the upgrade of the
technologies.

Finally, the study demonstrates that process organization is the most important factor for
increasing the efficiency, quality and sustainability of the small woodworking companies. As the study
bridges the gap between theoretical models and real-world practices, it calls for more integrated
approaches combining the technological tools with human-centered and organizational strategies (see
Table 2).

Table 2. Study Contributions
How It Extends Literature

Contribution Area What This Study Shows

Workflows are non-linear and
iterative

Production Structure Challenges linear production models [6; 12]

Role of Humans Decision-making is decentralized Extends Industry 4.0 discussions beyond

and experience-based

Manufacturing Model Hybrid system (CNC + manual)

dominates
Quality Control Reactive rather than preventive
Sustainability Waste driven by rework and
inefficiency
Digitalization Incremental and selective adoption
Flexibility Concept Emergent (informal) vs designed
flexibility
Key Insight Organization > Technology for

performance
Source: Compiled by the author.
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technology [7]

Supports but deepens hybrid production
literature [13]

Identifies gap in small-scale production
systems

Links operations directly to sustainability
[1]
Confirms slow Industry 4.0 transition [17]

Introduces new conceptual distinction

Reframes dominant perspective in
literature
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The execution of upscale residential projects, including a custom project worth about $295,000
that was finished in two months, further demonstrates the potential of such structured yet flexible
systems. The effective integration of intricate components like precision installation, custom joinery,
and aluminum-glass facades emphasises the significance of quality control and final-stage coordination
in attaining premium-level results.

7. Conclusions

This study aimed to investigate the production processes in small woodworking businesses in
terms of the organization of workflows, efficiency and sustainability. The results indicate that
production systems of such nature cannot be analyzed based on the traditional models of linear flow or
technology-oriented models. Rather, they represent adaptive, man-centered, and organizationally
complex systems where their performance depends mainly on the coordination practice of the
operators involved, rather than the capabilities of the technologies used.

One of the conclusions of the study is that the causes of the process inefficiencies lie more in the
poor structuring and integration of workflows than in the lack of technology. The studied non-linear
production flows, many cycles of rework, and the local decision-making show clearly the limits of
application of the conventional production engineering models [6; 12] to small-scale customized
manufacturing environments. These models advocate predictability and control, whereas the reality of
woodworking production is characterized by variability, iteration and continuous adjustments.

The study also highlights the importance of human expertise and tacit knowledge. It is the
operator who acts as the main coordinator of the production and who makes decisions in real time,
allowing them to respond quickly to variations. This finding contradicts the majority of Industry 4.0
narratives that advocate for automation and digitalization [4], and suggests that human-centered
systems are essential for the operation of small-scale manufacturing companies. Nevertheless, the use
of informal coordination creates inconsistency, which prevents the achievement of efficiency and
scalability.

Finally, the study underlines the hybrid nature of the production systems, characterized by the
coexistence of CNC-based precision and manual craftsmanship. Although this association allows the
realization of customization and adaptability, the inefficiency of the production process stems from the
lack of integration between these two phases. Therefore, there is a need for greater synchronization
rather than total automation, reinforcing the thesis according to which technological adoption should
be adapted to the context and progressive [7; 17].

In terms of sustainable development, the study shows that material waste is strongly correlated
to the inefficiencies of the organizations, especially rework and reactive quality control. Although the
existing literature focuses on recycling and circular economy [1; 5], the study shows that important
environmental gains could be obtained by organizing the process better. This reframes sustainability as
not only a technological or strategic problem but also an operational one.

The study contributes to the literature by highlighting the difference between emergent flexibility
and designed flexibility. Small woodworking companies have a high level of adaptability; however, this
flexibility is often informal and experience-based. Transforming it into structured, systematic flexibility
is therefore a key way to improve efficiency while maintaining the ability to respond.
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