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Abstract
The sawmill industry presents unique opportunities for adopting emerging technologies due to its capital-intensive opera-
tions and dependence on high reliability. However, despite increasing digitalization, there remains limited understanding 
of how maintenance organizations can assess and develop technology readiness, particularly with respect to organizational 
and human factors. Understanding these factors is important not only for operational efficiency but also for supporting 
the human-centric, sustainable, and resilient ambitions of Industry 5.0. This paper investigates the technology readiness 
of maintenance operations in a Swedish sawmill. The study is based on a qualitative case study involving 21 in-depth 
interviews and three workshops with personnel from the maintenance organization (technicians, engineers, coordinators, 
and managers) and related functions (production, operations development, health and safety, and management). Findings 
reveal that while the organization demonstrates strengths in technology adoption and operational structure, challenges 
remain in areas such as strategic integration, workforce competence, and data utilization. The study highlights that advanc-
ing technology utilization and work processes alone is insufficient for successful development of maintenance. Thus, the 
study emphasizes human-centric perspectives such as leadership visibility, shared responsibility, cross-functional com-
munication, and long-term planning, are critical for achieving technology readiness. The study concludes that technology 
readiness in maintenance depends on the combined development of technological, organizational, and human capabilities. 
Maintenance can serve as a strategic entry point for this transformation, enabling improved sustainability, resilience, and 
safer operations. Further research is recommended to combine methods and explore how human-centric factors influence 
the successful adoption of smart technologies.

Keywords  Sawmill industry · Maintenance operations · Industry 4.0/Industry 5.0 · Operational resilience · Technology 
readiness
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materials. The industry's importance is reflected in its sub-
stantial global production and trade. In 2020, the largest 
exporters of wood-based materials were Russia, Canada, 
and Sweden, while the largest producers were the United 
States, Canada, Russia, and China [1].

The sawmill industry is characterized by capital inten-
sive investment, and the current market situation has 
pushed the need to find new strategies to stay profitable. 
At the same time, it is a contradictory industry in terms of 
technological development [2]. Many process steps have 
a high degree of automation, but a relatively low adoption 
of I4.0 technologies, and sawmills remain largely based on 
mass production rather than being order driven. In contrast 
to the automotive industry, the raw material in the wood 
industry is far more unpredictable. The log size distribution 
and quality in a forest stand cannot be requested on demand 

1  Introduction

The wood processing industry is an important base industry 
in the transition towards more sustainable and circular pro-
duction systems. As a renewable resource, wood can reduce 
climate impacts compared with conventional construction 
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[3]. Thus, the sawmill industry remains at an early stage 
of digital transformation. However, current equipment 
generates large amounts of data throughout the produc-
tion process, with the same piece of wood being measured 
and assessed multiple times from the woodyard to the final 
product. One strategy to stay cost competitive is improved 
data utilization.

Maintenance and operational reliability are highly suit-
able for technology intensification [4]. Improved opera-
tional reliability contributes to reduced disruptions, more 
stable processes, resource efficiency, lower energy con-
sumption, and extended equipment life [5]. In capital-inten-
sive industries, maintenance has become a strategic enabler 
of production performance, asset longevity, sustainability, 
and resilience, where downtime can translate into substan-
tial financial losses [6]. Its impact spans the entire asset life 
cycle, from design and engineering decisions to end-of-
life strategies, through activities that restore, conserve, or 
extend asset functionality.

Industry 4.0 (I4.0) is a collective term for digital tech-
nologies and concepts, such as Artificial Intelligence (AI), 
Internet of Things (IoT) and Big Data (BD) analytics that 
integrate the entire value network from idea to recycling 
[7]. As I4.0 technologies have become more prevalent, the 
roles of people and organizations in successful technology 
adoption have gained increasing attention [8]. This is high-
lighted by Industry 5.0 (I5.0) with a focus on sustainable, 
resilient, and human-centered industry that effectively uses 
technology solutions [9]. Technologies such as IoT, AI, digi-
tal twins, and predictive analytics are revolutionizing how 
maintenance is planned, executed, and optimized. These 
tools enable real-time monitoring, data-driven decision-
making, and predictive interventions that reduce unplanned 
downtime and extend asset life [10–12].

Although maintenance is increasingly recognized as 
a key enabler of digital transformation, limited research 
has examined technology readiness within maintenance 
functions in process industries such as sawmills. Existing 
Industry 4.0 readiness models primarily assess organiza-
tions at a general level and provide limited insight into the 
technological, organizational, and human factors influenc-
ing maintenance transformation. This study addresses this 
gap by assessing technology readiness in a Swedish saw-
mill maintenance organization and identifying priorities for 
future development. The aim is to study the evolvement of 
technology readiness of the maintenance operations toward 
I4.0/I5.0, with focus on how technology readiness supports 
human-centricity. To achieve this, the study investigates 
technology readiness of maintenance operations in a Swed-
ish sawmill and propose suitable roadmap activities for 
strengthening maintenance as a strategic enabler of future 
industrial transformation.

2  Background and theoretical framework

2.1  Characteristics of the sawmill industry

The sawmill industry is heavily invested in machines and 
equipment with a high degree of automation, which requires 
high operational reliability. The production process is sensi-
tive to disruptions; a stop in one section often leads to a halt 
in operations of the whole line [13]. In addition, sawmills 
are associated with dusty, heavy, and noisy work environ-
ments where moving machine parts and the constant flow 
of raw materials pose safety risks to people [14–16]. These 
conditions place demands on both technical systems and 
organizational practices. The traditional work environ-
ment and culture require change to meet the high demands 
that modern, safer work environments impose. To meet 
these demands, the sawmill industry requires development 
toward more advanced technologies and work methods, 
such as concepts and principles from I4.0 and I5.0, which 
have the potential to improve safety, reliability, and effi-
ciency [3]. Such transformation goes beyond technological 
upgrades and involves deep changes in perspectives, atti-
tudes, as well as working methods and technology use [17]. 
However, the forest industry has been shown to lack the 
innovative drive [2] required to make technological shifts 
comparable to those that the steel and automotive industries 
are undertaking.

2.2  Technology readiness and industrial 
transformation

The state of a system, organization, or process in terms of its 
preparedness to adopt, implement, or benefit from specific 
technologies. Technological readiness assesses the starting 
point before engaging in a development or maturing pro-
cess, capturing the current capabilities, resources, and con-
ditions necessary to successfully progress toward a desired 
future state [18]. To understand and guide technology trans-
formations, several models assessing I4.0 readiness and 
maturity have been developed, some of which are illustrated 
in Table 1. Early frameworks like IMPULS [19] focus on 
strategic, operational, and technological dimensions [18, 
20], while others, such as [21] and [22], emphasize digi-
tal capabilities and data governance. More recent models 
integrate both internal organizational dynamics and external 
ecosystem factors [20, 23]. Collectively, these frameworks 
emphasize that successful I4.0 transformation requires not 
only technological preparedness but also strategic align-
ment and a culture that supports change.

One of the more comprehensive models is the matu-
rity framework proposed by Schumacher et al. [18]. The 
model includes nine categories that together assess an 
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organization’s I4.0 maturity: Strategy, Leadership, Technol-
ogy, Operations, Products, People, Culture, Governance, 
and Customers. These dimensions collectively capture the 
interplay between technological readiness, organizational 
capabilities, and human competences necessary to achieve 
successful digital transformation. Strategy evaluates the 
alignment of business goals with I4.0, including the pres-
ence of a roadmap, resource allocation, and business model 
adaptation, while Leadership focuses on managerial com-
mitment and coordination. Technology examines the avail-
ability and use of modern Information and Communication 
Technology (ICT), mobile devices, and machine-to-machine 
communication. Operations address how processes are 
structured, decentralized, and supported by digital tools, 
as well as the degree of interdisciplinary and cross-func-
tional collaboration. People assess digital competencies 
of employees, openness to change, and autonomy. Culture 
considers openness to innovation, knowledge sharing, and 
the perceived value of ICT, while Governance concerns 
the extent to which the organization has established clear, 
standardized, and integrated structures, procedures, and 
rules that guide daily work, risk management, coordination, 
and decision‑making. A mature governance system ensures 
predictable workflows, transparent responsibilities, and 
consistent documentation practices that support continuous 
improvement and enable the organization to move beyond 
reactive work patterns. The final two categories, Products 
and Customers, evaluate the use of customer data, digitali-
zation of services, and the degree of product customization 
and integration into digital ecosystems.

These nine categories also align well with the principles 
of a learning organization, e.g., Senge [24] or Garvin [25]. 
A learning organization can be explained as being accom-
plished at creating, obtaining, and transferring knowledge 

in parallel with being able to adapt its behavior to involve 
novel ideas and understanding [25]. Previous research 
identifies several success factors contributing to a learning 
organization, including collaboration within cross-func-
tional teams, trustful and open communication, knowledge 
exchange, continuous improvement through learning loops 
[26], and leadership behaviors and organizational condi-
tions that foster shared understanding, psychological safety, 
trust, and clarity of roles and competences supporting learn-
ing processes [27].

2.3  Maintenance transformation

As the sawmill industry undergoes broader technological 
and organizational change, maintenance plays a vital role 
in enabling this transformation. Modern maintenance is no 
longer limited to ensuring equipment uptime; it increasingly 
contributes to strategic development, operational resilience, 
and workplace safety. This shift requires both technologi-
cal advances and changes in organizational culture, aligning 
well with the broader I4.0 transformation described in ear-
lier sections. Current maintenance practices in sawmills are 
mainly based on planned maintenance interventions that are 
carried out under non-ergonomic and possibly risky work-
ing conditions [28, 29]. Introducing bold and transformative 
measures requires a culture that supports innovation and 
change readiness [29].

Several maintenance models can support such a shift, 
such as World-Class Maintenance, Maintenance 4.0, and 
Smart Maintenance. World-Class Maintenance empha-
sizes standardized practices, continuous improvement, and 
strategic alignment with production goals [30]. Mainte-
nance 4.0 advances this by leveraging I4.0 technologies, 
such as sensors, condition monitoring, and automated data 

Table 1  Comparison of selected Industry 4.0 readiness and maturity models (created by authors)
Aspect IMPULS Schumacher et 

al., [18]
Gökalp et al., 
[21]

Lucato et al., 
[22]

Sony and Naik, 
[20]

Nick 
et 
al., 
[23]

Internal
Strategy x x x x x
Leadership and organization x x x
Technology x x x x x x
Operations x x
Products x x x x
Services x x x
Employees x x x
Culture x
Governance x
External
Technology in the supply chain x x
Customers x
Ecosystem x
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collection, to improve decision-making and efficiency 
[10]. More recent research on Maintenance 5.0 empha-
sizes a human‑centered and socio‑technical perspective, 
arguing that advanced maintenance systems should inte-
grate digital technologies with human expertise, promote 
human‑in‑the‑loop decision‑making, and support informa-
tion‑rich, system‑integrated approaches that enhance reli-
ability, resilience, and sustainability rather than replacing 
human judgment [31]. Smart maintenance consolidates 
technological innovation with organizational transforma-
tion by focusing on four pillars: data-driven decisions, inter-
nal and external integration, and human capital [4]. In this 
framework, maintenance becomes a domain where learning 
loops, cross-functional communication, and shared under-
standing are essential, areas that align closely with the prin-
ciples of a learning organization [24, 25]. Employees are 
supported by predictive tools and real-time information, 
shifting their role from reactive problem-solving to proac-
tive system optimization.

Further, dynamics in planning are achieved through 
predictive maintenance, which enhances the accuracy and 
timeliness of maintenance scheduling by using real‑time 
condition data to anticipate failures before they occur [32]. 
Predictive maintenance increases the dynamic of planning, 
enabling organizations to move from scheduled interven-
tions to condition-based and ultimately autonomous main-
tenance strategies. Such development requires not only 
technical tools but also a capability for dynamic business 
development [33], for example, by adopting new service 
models, rethinking roles and competences, and restructuring 
information flows. In this way, maintenance transformation 
is both a driver and an outcome of the digital and organiza-
tional shifts needed to support I4.0 and I5.0 ambitions, both 
generally and specifically within the sawmill industry.

In this study, Schumacher et al.'s [18] Industry 4.0 matu-
rity model provides the primary analytical framework for 
assessing technology readiness within the maintenance 
function. The complementary perspectives of learning orga-
nizations, maintenance transformation, and Industry 5.0 are 
then used to interpret the results and guide the development 
of roadmap activities for future improvement.

3  Research methodology

3.1  Research design

Inspired by Design Research Methodology [34], the study 
followed a qualitative case study approach comprising four 
stages: preliminary observations and study design (Sects. 3.1–
3.2), empirical data collection (Section  3.3), data analysis 
(Section 3.4), and validation and roadmap development (Sec-
tion 3.5). Figure 1 provides an overview of the process.

The interest in studying the sawmill industry emerged 
through external monitoring and dialogue with stakeholders 
in wood manufacturing. It was evident that maintenance and 
operational reliability had received limited attention in inno-
vation initiatives, making them relatively unexplored areas 
within the sector. A case study was therefore conducted, as 
this approach enables examination of a phenomenon in its 
natural environment [35].

The aim was to study and map the existing production 
system and its processes in relation to the current state of 
maintenance, with the objective of improving the overall 
maintenance system. The sawmill site identified for the case 
study was carefully selected as a unit where different new 
initiatives related to maintenance had been introduced during 
recent years. Initial informal observations were conducted to 
obtain an overview of the production processes and equip-
ment in use. Insights from these observations informed the 
design of the research methodology, including the interview 
and workshop phases. The study was carried out by four 
researchers (the authors), who jointly planned the research 
and discussed the interpretation of findings throughout the 
study. Two researchers conducted the interviews, while all 
workshops were facilitated by the full research team.

The research group was transdisciplinary, compris-
ing academic researchers and industrial specialists with 
expertise in maintenance, leadership, production systems, 
and wood sciences. The emphasis on a transdisciplinary 
research approach is important as it highlights the co-cre-
ation between academia and industry when approaching 
opportunities and challenges in today's manufacturing land-
scape [36, 37].

Fig. 1  Research methodology and study process (created by authors)
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3.2  Case study description

The case study was conducted at Swedish forestry and 
wood manufacturing industry group. The company is an 
export-oriented organization with operations spanning the 
entire value chain, from forestry to international markets, 
and one of Europe’s largest production capacities in both 
pulp and wood products. This study focuses on the mainte-
nance function of one of the company's sawmills.

The broader sawmill industry is characterized by a contra-
dictory relationship with technological development. Many 
individual process steps have a high degree of automation 
corresponding to Industry 3.0 (I3.0), yet the overall inte-
gration of I4.0 technologies remains limited. Production is 
largely based on mass production principles associated with 
Industry 2.0 (I2.0), with a primary focus on maximizing out-
put volume rather than the value extracted from raw materi-
als [33]. Furthermore, the industry is highly capital-intensive, 
relying on large-scale machinery that demands high levels 
of operational reliability [3], and is associated with harsh 
working environments characterized by dust, heavy work-
loads, and high noise levels. Current maintenance practices 
are predominantly based on planned maintenance activities 
carried out under physically demanding and ergonomically 
challenging conditions, while moving machine components 
and the continuous flow of raw material introduce signifi-
cant safety risks for personnel. Thus, the study addresses the 
transformation of sawmills from I2.0/3.0 towards I5.0.

3.3  Empirical data collection

In-depth interviews were conducted to explore experiences 
related to organizational structure, technology use, and 
improvement potential. Purposive sampling was used to 

capture participants’ perceptions and understanding of the 
phenomenon under study [38]. The interviews were carried 
out either online via Microsoft Teams or in person at the 
sawmill. A semi-structured interview format was employed 
[39], following the interview template provided in Appen-
dix 1.

A total of 21 interviews were conducted between Novem-
ber 2024 and February 2025, see Table 2. Interviews lasted 
between 28 and 55 min (12 h 42 min in total) and were audio-
recorded with informed consent. The interviewees represented 
14 different roles spanning maintenance, production, engi-
neering, and management functions. This ensured representa-
tion of both operational and strategic perspectives (Table 2).

Interviewees with strategic planning responsibilities 
participated in two additional workshops, while those 
with more operational planning responsibilities attended 
one workshop, see Fig.  1. Each workshop lasted 90  min, 
amounting to a total of 4.5 h. Workshops 1 and 2 were based 
on the interview findings and aimed to establish consensus 
and further elaborate identified themes. Various lines of rea-
soning were explored to foster collective learning within 
each workshop. Workshop 3 applied the collected data to 
propose how short- and long-term planning should be pri-
oritized to develop and improve the maintenance function 
and propose suitable roadmap activities.

3.4  Interview analysis

The analysis assessed the current state of technology read-
iness and identified opportunities for future development. 
Interview data were analyzed in two phases: an abduc-
tive thematic analysis based on the interview guide [40], 
followed by a directed content analysis using selected 
dimensions from Schumacher et al.'s I4.0 maturity model 

Table 2  Overview of interviewees and workshops (created by authors)
Interviewees (roles) Category Number of 

interviewees
Interview length 
(min)

Interview-
ees IDs

Workshop (WS) Participants
WS 1 
Jan. 16
(90 min)

WS 2 
Feb. 19
(90 min)

WS 3 
Feb. 25
(90 min)

Lean Coordinator,
Maintenance Developer,
Operations Engineer,
Health & Safety Engineer

Engineering and 
development

Four (4) 45, 30,
41, 40
∑ 156

16, 18,
19, 21

16, 18,
19

19 16, 18

Maintenance Technician (Mechanical and 
Electrical)

Maintenance 
Technician

Seven (7) 37, 28, 28, 55, 37, 
34, 28
∑ 247

8, 9, 10, 11,
12, 13, 14

Maintenance Planner (Mechanical and 
Electrical),
Maintenance Engineer

Maintenance 
engineering and 
planning

Four (4) 31, 32, 35, 44
∑ 142

3, 4, 5, 6 3, 4, 5, 6

Maintenance Manager,
Head of Production,
Lean Manager,
Site Manager,
Production Supervisor

Managers Six (6) 32, 35, 42, 43, 
32, 33
∑ 217

1, 2, 15,
17, 20, 22

1, 2, 15,
17, 20

1, 2,
15, 20

Total fourteen (14) roles Total four 
categories

Total 21 Total 762 min
(12 h 42 min)

Total 8 Total 5 Total 6
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[18] as a predefined analytical framework [41]. Together, 
these phases enabled theory-informed interpretation while 
remaining grounded in participants' experiences.

All interviews were transcribed and subjected to a the-
matic analysis inspired by [40]. The interview guide included 
three overarching themes: organizational aspects, technology 
use, and improvement potential, which provided an initial 
analytical structure. Each transcript was reviewed and sum-
marized within these themes, after which sub‑themes were 
developed inductively. Patterns, recurring ideas, and note-
worthy statements were identified, providing an overview 
of organizational, technological, and improvement-related 
issues across roles.

In the second phase, a directed content analysis was 
conducted using Schumacher et al.’s I4.0 maturity model 
[18] as the analytical framework. This enabled systematic 
coding according to constructs describing organizational 
readiness and maturity. The model, originally designed to 
analyze maturity levels based on questionnaire data using 
Likert-scale questionnaire items, was adapted for qualita-
tive use by shifting from numeric maturity scoring to an 
interpretive assessment of how each maturity dimension 
was articulated in the data. Rather than calculating quanti-
tative maturity scores, the analysis examined the presence, 
depth, and variety of meaningful statements within each 
dimension. Products and customers were excluded, as these 
dimensions primarily concern the business-unit or market 
interface and were not applicable to the internal focus on 
maintenance operations.

3.4.1  Operationalization of meaningful statements

Meaningful statements were operationalized using crite-
ria aligned with the study aims. A statement was coded as 
meaningful when it:

	● provided an explicit description of current practices, 
routines, challenges, or capabilities within the mainte-
nance function;

	● illustrated behaviors, actions, or examples that reflected 
conditions related to any of the maturity dimensions;

	● conveyed assumptions, expectations, perceived chal-
lenges, or perceived enablers linked to digitalization or 
organizational readiness;

	● referred to developments over time, such as changes 
experienced, lessons learned, or aspirations for future 
improvements.

General or abstract remarks without empirical grounding 
were not coded. The criteria guided inclusion in the deduc-
tive categorization process (Table 3).

Table 3  Coding framework and operational definitions for Industry 4.0 
maturity dimensions (created by authors)
Dimension Code definition Indicators
Operations Operational 

processes, 
integration, and 
collaboration 
capabilities sup-
porting I4.0

• Decentralization of processes
• Use of modelling and simula-
tion in maintenance
• Interdisciplinary and interde-
partmental collaboration
• Integration of processes
• Standardization of procedures
• Coordination of resources

Strategy Statements about 
strategic plan-
ning, direction, 
or alignment 
related to Indus-
try 4.0 and digital 
transformation. 
This includes 
roadmaps, 
resources, and 
strategic fit

• Mention of a digitalization 
roadmap
• Allocation or lack of resources 
for digitalization
• Business model adaptation due 
to digitalization
• Alignment of digital initiatives 
with company vision or strategy
• Communication/documentation 
of digitalization activities

Leadership Refers to leader-
ship commit-
ment, capability 
and structures 
that support I4.0 
development

• Leadership willingness to 
pursue digitalization
• Management competences in 
digital technologies
• Existence of a central coordi-
nating body for digitalization
• Leaders communicating digita-
lization priorities
• Change leadership and 
sponsorship

People Employees’ com-
petencies, readi-
ness, openness, 
and autonomy 
related to digital 
transformation

• ICT competences of employees
• Openness toward modern 
technology
• Employee autonomy in digital 
environments
• Learning capability, upskilling 
needs
• Digital literacy gaps

Culture Shared norms, 
values, and 
organizational 
mindset affecting 
I4.0 adoption

• Knowledge sharing culture
• Openness to collaboration 
across company boundaries
• Organization values the role 
of ICT
• Innovation-friendly mindset
• Risk-taking, experimentation, 
acceptance of failures

Technology Technological 
infrastructure 
supporting I4.0, 
including ICT 
systems, connec-
tivity, automation

• Existence and use of modern 
ICT infrastructure, such as
• Mobile device use in operations
• Sensorization and data collec-
tion capabilities
• Digital/connected technologies 
and platforms
• Robotics and automation

Governance Formal rules, 
standards, legal 
structures, and 
policies enabling 
or constraining 
I4.0

• Labor regulations relevant for 
digitalization
• Suitability of technology-
related standards
• Data governance (access, 
rights, compliance)
• Cybersecurity policies
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3.4.2  Coding procedure, validation, and bias mitigation

One researcher served as the primary coder and conducted 
the initial coding of all interview transcripts. Using a single 
primary coder reduced interpretive variation and ensured 
consistent application of the coding criteria. To strengthen 
the robustness of the analysis, three additional researchers 
reviewed coded excerpts, assessed code-segment alignment, 
and evaluated whether the coding criteria had been applied 
consistently. When uncertainties or differences in interpre-
tation occurred, the research team returned to the original 
transcripts and jointly reassessed the material. This iterative 
review process was conducted across three cycles, resulting 
in a shared and well-grounded interpretation of the data.

The interviews were similar in duration (with only minor 
variations of a few minutes), so time‑based or length‑based 
normalization was not required. Some participants were more 
verbally expressive while others required more prompting 
from the interviewers, but these differences did not affect the 
substantive content of the interviews. Coding was therefore 
based on content richness, not frequency or verbosity.

Differences in topic depth across interviews were expected 
because participants held different roles and worked with var-
ious aspects of maintenance. These variations were treated as 
meaningful contextual variations rather than sources of bias. 
All participants’ background knowledge and perspectives 
were considered equally relevant for the analysis. Reflex-
ive discussions and repeated returns to the raw transcripts 
helped avoid over‑interpretation and ensured that the coding 
remained closely anchored in the empirical material.

3.4.3  Aggregation into readiness dimensions

Coded statements were aggregated to form a qualitative 
proxy for technology readiness. Readiness levels were 
assessed based on the number and richness of relevant 
insights within each maturity dimension. A higher concentra-
tion of meaningful statements was interpreted as indicating 
more developed practices, while fewer insights suggested 
weaker or less established practices. All coded statements 
were treated as analytically equivalent, with no weighting 
applied between responses. Consequently, the assessment is 
relative and descriptive rather than directly comparable to 
standardized quantitative maturity assessments.

The coded material was then aggregated by maturity 
dimension to construct a qualitative readiness profile. Each 
dimension reflects the breadth and depth of relevant insights 
rather than the number of coded segments alone, providing 
a context-sensitive assessment aligned with the qualitative 
nature of the study. To support interpretation, the readiness 
profile was visualized using a radar diagram summarizing 
relative maturity across dimensions.

After coding was finalized, all statements were consoli-
dated into the maturity dimensions included in the analytical 
framework (Operations, Strategy, Leadership, People, Cul-
ture, Technology, and Governance). Throughout the process, 
the researchers documented analytical reflections, creating an 
audit trail that supported transparency and traceability. The 
resulting readiness profile should therefore be interpreted as a 
context-sensitive indicator of strengths and areas for improve-
ment rather than as a formally quantified maturity level.

3.5  Workshop analysis

In line with the design-oriented nature of the study, work-
shops were conducted to validate the assessment results and 
support roadmap development.

During Workshops 1 and 2, participants documented ideas 
using sticky notes and discussed them in small groups. All 
researchers participated as facilitators, supporting documen-
tation and probing discussions when needed. Sticky notes 
and whiteboards were used as visual support, and workshop 
outputs were documented digitally during the sessions.

Outputs from Workshops 1 and 2 were organized and ana-
lyzed thematically with the guiding question: What is needed 
to develop maintenance? The aim was to identify key areas 
for maintenance development. Findings were cross-checked 
against interview data to ensure consistency across data 
sources. The synthesized results were subsequently brought 
forward to Workshop 3 for evaluation and prioritization.

Workshop 3 functioned as a validation and prioritization 
session. Interview and workshop findings were aggregated 
and discussed to build a shared understanding of short- 
and long-term goals for the maintenance function. A pri-
oritization matrix was used to evaluate proposed activities 
according to importance and implementation difficulty. This 
enabled identification of activities suitable for immediate 
action and those requiring longer-term planning.

3.5.1  Bias mitigation in the workshops

To ensure the credibility and practical relevance of the pro-
posed roadmap and readiness assessment, several measures 
were employed, including triangulation, participant vali-
dation, researcher reflection, and workshop-based evalua-
tion. Participants generated and structured their own inputs 
through collaborative discussions, helping ensure that inter-
pretations remained grounded in their perspectives rather 
than imposed by the researchers. The researchers acted 
as facilitators, supporting discussions and documentation 
rather than directing content. Multiple researchers par-
ticipated in each workshop, and real-time documentation 
helped minimize retrospective interpretation and preserve 
the context of participants' contributions.
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4  Findings

In this section, the main outcomes from the interviews and 
workshops are presented. The section begins with insights 
from the interviews describing the current use of technology 
within the maintenance function, followed by assessment 
of technology readiness using the I4.0 maturity dimensions. 
Finally, results from the workshops are reported, detailing 
the development of prioritized areas and associated actions 
for advancing maintenance practices.

4.1  Interviews: current use of technology

Maintenance technicians primarily use the computerized 
maintenance management system (CMMS) to manage work 
orders, fault reports, spare parts, and task prioritization. A 
new corporate-level system is currently being implemented, 
requiring parallel use of both systems. A production and 
downtime monitoring system supports the identification of 
recent disruptions and prioritization of maintenance activi-
ties. Other tools include control-system signal logging, 
vibration and temperature measurements for condition moni-
toring, remote troubleshooting tools, a separate safety appli-
cation, and mobile phone cameras for documenting faults 
and maintenance actions.

Planners and schedulers primarily use the CMMS, pro-
duction and downtime monitoring systems, and business 
intelligence (BI) tools, such as QlikView and Power BI. The 
CMMS supports planning and scheduling, inventory and 
material management, resource allocation, and time sched-
uling, while production and downtime data help identify 
bottlenecks and prioritize maintenance. BI tools support 
data analysis and visualization, while Excel is used for Gantt 
charts, lists, reports, and as a bridge between systems. Micro-
soft Teams and pulse meetings support daily and weekly 
coordination, as well as planned maintenance shutdowns.

Managers use production and downtime monitoring sys-
tems to track availability, short stops, technical availabil-
ity, and overall equipment effectiveness (OEE), while BI 
tools support key performance indicators (KPIs) and trend 
analysis. The CMMS provides information on work orders, 
preventive maintenance (PM) backlogs, costs, and inven-
tory. The company manual for investment supports project 
initiation, budgeting, and KPI follow-up. Managerial work 
involves substantial meeting activity, supported by Micro-
soft Teams, BI reports, and a digital pulse-meeting board to 
support the physical pulse meetings.

Engineers and specialists use measurement, process, 
quality, condition-monitoring, production, downtime, 
and BI systems to support root cause analysis, prioritiza-
tion, improvement activities, preventive maintenance, and 

supplier requirements. Across all roles, telephones, email, 
and Microsoft Office applications support daily work and 
routine communication.

Taken together, the interview findings on current tech-
nology use reveal a maintenance function equipped with 
several digital tools, but facing challenges in achieving sys-
tematic and integrated utilization. To understand how these 
practices translate into organizational readiness for digital 
transformation, the next section presents the results of the 
technology‑readiness assessment.

4.2  Interviews: technology readiness

The key results of the study with respect to technology 
readiness are outlined in Tables 4 and 5. The results are 
categorized according to the current situation and areas for 
improvement, with illustrative quotes provided in the tables.

The readiness profile reveals both established strengths 
and several maturity gaps that hinder progress toward more 
advanced digitalized maintenance practices. These gaps 
form the basis for the improvement areas described in the 
following section.

4.3  Interviews: areas for improvement

Table 5 summarizes the key improvement areas that inter-
viewees identified as most important for strengthening 
maintenance‑related technology readiness. The areas are 
organized according to the same maturity‑model dimen-
sions used in the directed content analysis to ensure analyti-
cal consistency.

From the analysis, three cross‑cutting themes stand out:

1.	 Shifting from reactive to proactive maintenance: Several 
respondents emphasized the need to reduce emergency 
repairs, strengthen preventive and predictive practices, 
and improve the use of data to support decision‑making.

2.	 Supporting people and leadership capabilities: Compe-
tence development, clearer roles, better onboarding, and 
more visible leadership were considered essential to sus-
taining digitalization efforts.

3.	 Establishing standardized and integrated ways of work-
ing: Challenges related to inconsistent methods, silo 
thinking, poor shift handovers, and underutilization of 
digital tools indicate the need for clearer governance and 
harmonized work processes.

These themes form a bridge to the more synthesized readi-
ness profile presented in Section 4.4 and directly inform the 
development activities identified in the workshops (Sections 
4.5 and 4.6).
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Category Current situation in relation to technol-
ogy readiness

Illustrative quotes

Operations • Established planning routines and 
meetings, supported by planning tools 
and coordination mechanisms
• The maintenance organization col-
laborates extensively with internal and 
external actors
• A substantial proportion of emer-
gency maintenance work

“It’s a lot of check ins, short check ins. 
We have small production meetings, pulse 
meetings, and we go over the past 24 h to see 
what we need to focus on.”
“And then we have a lot of external contrac-
tors coming in from time to time, and we’re 
involved in that to varying degrees. We have 
internal coordination meetings every Friday 
where we look at what’s coming up next 
week… and whether we see any conflicts or 
overlaps we need to sort out. “
“A typical day is that you sit down… and 
then the phone rings. Something has broken, 
and then you head out to deal with it.”

Strategy • Clear effort exists for implementing 
modern technologies and improving 
operational efficiency
• The technology strategy is not fully 
aligned with operations strategy
• There is a strong emphasis on follow-
ing project plans and manuals

“We buy things too fast, without proper 
studies.”
“[The central level] comes in with bureau-
cratic templates and wants us to do things 
that way, even though we want to do them 
this way…”

Leadership • Lower and middle management are 
actively involved in day-to-day opera-
tions and decisions
• A desire to improve communication 
and presence in the workplace
• Recent reorganization

“I really want to prioritize being present, so 
I’m trying to pass by at least one department 
every day and actually talk with the staff.”
“There was simply a need to bring about a 
change, so it’s a bit like changing the coach 
of a football team.”

People • The organization has skilled 
employees
• Training in modern technologies is 
offered
• Challenges in recruiting and retaining 
skilled staff

“It’s nearly impossible to find competent 
electricians.”
“We have quite a lot of technology, but it’s 
the human who is the limitation.”

Culture • Culture of strong problem‑solving, 
with a focus on finding solutions when 
issues arise
• Informal problem‑solving and local 
workarounds
• “Silo thinking” and fragmented com-
munication across shifts and functions

“We’re very good at solving problems and 
being clever about coming up with solutions 
to move forward. That’s something we’re 
extremely good at.”
“We don’t even know what’s been done dur-
ing the last stop.”

Technology • Technicians primarily use the com-
puterized maintenance management 
system and have basic digital maturity
• Managers and engineers use tech-
nologies such as production monitoring 
and business intelligent systems for 
data analysis, and digital tools such as 
pulse boards

“We can access at least 90% of all the 
computers from the electrical workshop 
downstairs, you can connect remotely from 
there. And external suppliers can also log in 
and access the motors, so they can help with 
troubleshooting remotely.”
“We do have modern systems, like in the 
sawmill… we can monitor an awful lot.”

Governance • Established processes and systems to 
manage operations and maintenance
• Weak process standardization and 
inconsistent working methods

“We can work in one and the same system 
for planning, execution, and inventory for 
managing all our parts.”
“There are no standardized ways of working, 
which means that when something happens, 
it’s really hard to get solid facts… because 
everyone does things completely differently.”

Table 4  Results with respect to 
current situation in relation to 
technology readiness (created by 
authors)

 



1 3

The International Journal of Advanced Manufacturing Technology

4.4  Interviews: synthesized technology‑readiness 
profile

This section synthesizes the maturity assessment across all 
I4.0 dimensions, integrating the detailed findings from the 
previous sections into an overall readiness profile. In line 
with Schumacher et  al’s Industry  4.0 maturity model, the 
qualitatively derived relative maturity levels reflect the 
extent to which organizational practices, structures, and 
capabilities associated with each dimension are currently 

realized. Figure 2 presents a radar diagram that visualizes 
the relative maturity levels derived from the qualitative 
analysis in Tables 4 and 5. The radar diagram provides a 
qualitative assessment of readiness across the identified 
dimensions, rather than representing quantitative matu-
rity scores. Each dimension reflects the relative breadth 
and depth of meaningful statements identified during the 
directed content analysis, rather than numerical scores or 
frequency counts. A higher relative level in the diagram 
indicates that practices associated with a given dimension 

Table 5  Results with respect to proposed improvement areas (created by authors)
Category Areas for improvement Illustrative quotes
Operations • Reduce the focus on emergency repairs and strengthen 

preventive and predictive maintenance planning
• Enhance data utilization for decision-making and optimize 
the use of digital tools
• Improve shift handovers and internal communication
• Increased collaboration and a holistic approach to mainte-
nance operations
• There is a need to improve standardized working methods 
and reduce lead times

“We’re great at solving problems, but not at preventing 
them.”
“We’re bad at shift handovers. Things fall between the 
cracks.”
“There are no standardized ways of working, which 
means that when something happens, it’s really hard to 
get solid facts… because everyone does things completely 
differently.”

Strategy • The strategy can be more long-term and detailed, espe-
cially when it comes to technology adoption and integration
• Strengthen long-term maintenance and technology strategy 
through clearer prioritization and more structured, fact-
based investment decision-making

“We have a lot of technology out there that isn’t being 
used… I think we’ve paid a lot of money for it, and it’s not 
being used.”
“The biggest obstacle is… well… knowing what we should 
prioritize, I’d say. We work with a maintenance‑priority list 
that we go through every day.”

Leadership • More visible and proactive leadership, leading to active 
decisions, is needed
• Improve communication between different levels and func-
tions of the organization

“Something that’s becoming more and more obvious to me 
is how little time managers and leaders actually spend out 
in the operations…//… They really need to be out there, 
seeing what’s going on…//… Seeing what’s happening 
in the workplace, what it looks like, whether things are in 
order that kind of stuff. I think that’s super important.”
“How do you create a good [working] climate, involve-
ment? …//… We need to make first-line managers more 
like actual managers.”

People • Need to improve skills transfer and training
• Strengthen structured competence development and 
onboarding across roles
• Improve organizational understanding of processes and 
workflows

“It takes two to three years to build basic competence, and 
not everyone is suited for the job.”
“The facility itself can be as safe as possible, but in the end 
it’s still a human being who has to take care of it, and if 
that person doesn’t have the knowledge and competence, 
then things go wrong in the end.”

Culture • Greater focus on continuous improvement and better com-
munication across different levels of the organization
• Foster a culture of collaboration and shared responsibility
• Clarify the value of maintenance

“What clearly needs improvement is the storage or spare 
parts management. Everything is spread out in several 
places, it’s hard to find things, and not everything is entered 
into the system, so you cannot actually search for it.”
“You’re driving around in a forklift that costs as much as 
a Ferrari, but I don’t think the people driving the forklift 
would look like that [driving irresponsible] in the cab if 
they were driving a Ferrari instead.”

Technology • Better use of existing technologies and integration of mod-
ern technologies such as AI for predictive maintenance
• Need for more flexible data solutions and better summari-
zation of production data
• Improve integration of digital tools into operational 
workflows

“We have a lot of technology …//… and no one even asks 
why it isn’t being used, which I also find strange. Is there 
something wrong with it?”
“Production data collection that will give us better access 
to real-time data…//… something we really should have 
done 20 years ago…”

Governance • Improve governance structures to better support adoption 
and integration of modern technologies
• Strengthen risk governance and documentation compliance

“…that we become better at following the project hand-
book [company manual for investment]… all changes that 
are to be made to a machine should really be verified by 
the machine suppliers.”
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were described as more established, integrated, and consis-
tently articulated across roles, while lower levels indicate 
more fragmented or reactive practices. The radar diagram 
therefore serves as an interpretive aid for comparing relative 
maturity across dimensions and should be understood as a 
qualitative proxy for technology readiness, not as a quanti-
fied maturity assessment.

In this context, higher maturity reflects practices that are 
consistently established, formally supported, and effectively 
integrated into daily maintenance workflows, while lower 
maturity indicates fragmented, reactive, or inconsistently 
applied practices that constrain the organization’s ability 
to advance toward predictive and data-driven maintenance. 
The narrative below elaborates on the strengths and weak-
nesses reflected in the diagram.

The radar diagram shows that the organization dem-
onstrates its highest maturity in the Technology, Opera-
tions, and Leadership dimensions. Technology maturity is 
strengthened by the availability of modern digital systems, 
remote troubleshooting capabilities, and the use of pro-
duction and downtime monitoring together with BI tools. 
However, readiness varies across roles and tasks, and some 
tools are underutilized due to limited training, integration 
challenges, and low trust in digital solutions. The primar-
ily challenge is therefore not technological availability, but 
the integration of systems into daily decision‑making and 

maintenance practices. To improve technological readiness, 
there is a clear need to increase adoption, enhance data utili-
zation for decision‑making, and actively explore predictive 
maintenance and AI‑based approaches.

Maintenance operations are relatively mature, with struc-
tured planning, planned shutdowns, cross-functional collabo-
ration, and digital support. However, frequent short stops and 
reactive maintenance limit the capacity for preventive and pre-
dictive practices, as planning is often redirected toward acute 
issues. Respondents identified further needs for improved data 
and digital-system use, internal communication, and a more 
collaborative and holistic approach to maintenance.

Leadership is visible and engaged in daily operations, 
but respondents identify challenges regarding decision 
transparency, involvement, and consistency across levels. 
Following the reorganization, greater emphasis has been 
placed on feedback and role clarity. However, more inclu-
sive leadership is needed to support I4.0 initiatives and con-
tinuous improvement.

The People and Culture dimensions show low‑to‑mod-
erate maturity. Regarding people, there is strong awareness 
of competence development and commitment to upskilling. 
However, recruitment, onboarding, knowledge transfer, and 
high staff turnover challenge the development and retention 
of operational competence, limiting readiness for scaling 
digital initiatives.

Fig. 2  Synthesized readiness profile across I4.0 maturity dimensions (created by authors)
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Cultural readiness is moderate. A strong problem-solving 
and innovation culture is counterbalanced by silo thinking, 
fragmented communication, and reliance on informal work-
arounds. While collaboration and a more proactive, learn-
ing-oriented culture are developing, challenges remain in 
cross-shift communication, resistance to change, and incon-
sistent practices. The strategic importance of maintenance 
is also not yet consistently recognized in the organization.

The lowest maturity levels appear in Strategy and Gover-
nance. Strategic readiness is underdeveloped. Although ini-
tiatives and investment discussions exist, there is no unified 
long-term I4.0 roadmap. Strategic tools are applied incon-
sistently, and communication gaps hinder alignment and 
decision-making. Investments are often driven by immedi-
ate operational needs rather than long-term priorities, result-
ing in insufficient preparation and integration.

Governance structures are emerging but not yet robust. 
Formal procedures for work processes, documentation, 
safety, compliance, and risk management exist but are 
inconsistently standardized and applied. Gaps in documen-
tation, integrated information systems, and consistent data 
structures further limit coordination and technology inte-
gration. These findings reflect a governance maturity level 
where formal structures exist but are not yet robust, harmo-
nized, or consistently applied.

In summary, the interviews indicate a solid technologi-
cal and operational foundation for I4.0, supported by digi-
tal tools, structured workflows, pulse meetings, effective 
shift handovers, and planned maintenance. However, cul-
tural and human dimensions remain less mature, with chal-
lenges in shared responsibility, cross-shift collaboration, 
skills, recruitment, and retention. Progress toward I4.0/I5.0 
requires stronger strategic planning and governance, clearer 
roles, structured training and onboarding, improved data 
and system integration, and greater use of AI for predictive 
maintenance. Strengthening collaboration across shifts and 
departments is also essential for a more cohesive, learning-
oriented culture.

4.5  Workshops 1 and 2: concretization of areas for 
improvement

Workshops 1 and 2 were designed to recognize areas of 
practice to develop the maintenance function. Five principal 
areas of practice were identified for development: Mainte-
nance development, Organizational development, Learning, 
Work processes, and Planning and prioritization.

Regarding maintenance development, workshop par-
ticipants emphasized greater awareness of maintenance 
activities and their impact on overall process performance. 
They highlighted continuous operator-driven maintenance 
through daily routines, as well as asset management to 

support effective maintenance, long-term performance, and 
a lifecycle perspective.

Workshop participants highlighted organizational devel-
opment as important for the maintenance function, empha-
sizing culture, attitudes, and improved communication 
across roles. A more holistic understanding of organizational 
processes and business knowledge was seen as essential for 
strengthening collaboration and communication.

When it came to learning, workshop participants identi-
fied this as a key area requiring further development and 
the need for long-term competence development through 
education, training, upskilling, and reskilling were empha-
sized. Clear roles and responsibilities were also considered 
essential for sustained competence assurance and support-
ing employees through ongoing technological development.

Work processes were identified as requiring further devel-
opment, particularly through standardized ways of working 
and improved efficiency. Participants highlighted on-the-job 
training and better use of existing and emerging technologies 
to support and enable effective maintenance processes.

Planning and prioritization were identified as key devel-
opment areas. Participants emphasized systematic follow-
up, clear prioritization, and improved planning routines that 
balance short- and long-term perspectives to support struc-
tured decision-making and implementation.

4.6  Workshop 3: creation of roadmap

Workshop 3 applied the collected data to propose how short- 
and long-term planning should be prioritized to propose 
suitable roadmap activities. During the workshop it became 
evident that most identified areas of practice for develop-
ment were perceived as important. Prioritization primarily 
differentiated areas based on implementation effort (easy 
versus difficult), thereby implying actions suitable for the 
short term and the long term, respectively.

Short-term priorities (important and easy to implement) 
included organizational culture and individual attitudes, 
training in business-related knowledge, active leadership 
involvement and visibility, formulation of a maintenance 
strategy, long-term planning, adopting an asset life-cycle 
perspective, and analysis of the external environment. For 
the long-term horizon (important but difficult to implement), 
the following areas were identified: external (industry-wide) 
culture and attitudes, development of business knowledge, 
competence assurance, implementation of operator-driven 
maintenance, short-term planning, and technology develop-
ment to support decision-making, system integration, and 
data visualization.

Based on the prioritization results, actionable activities 
were identified to inform the development of a technology 
roadmap, see Fig. 3. The actions were categorized using the 



1 3

The International Journal of Advanced Manufacturing Technology

I4.0 maturity model proposed by Schumacher et  al. [18], 
by clustering strategy and leadership, culture and people, 
and technology and governance into three distinct catego-
ries. From this set of actions, the most urgent activities were 
selected for immediate implementation, while others were 
scheduled for implementation over a longer-term horizon.

5  Discussion

The results from this study show some areas of special atten-
tion for enhancement of the maintenance function especially 
in relation to the eras of I4.0 and I5.0. Findings highlight 
that advancing technology utilization and work processes 
alone is insufficient for successful development of mainte-
nance as the study brings forth the importance of the I5.0 
perspectives of human-centric, sustainability and resilience. 
The human-centric perspective emphasizes the necessity of 
organizational prerequisites, e.g., competence development, 
and cultural development and innovation for maintenance 
development. Up-skilling and re-skilling are aspects explic-
itly brought out in I5.0 [26], i.e., a need for the human-
centric perspective within manufacturing to fully garner the 

benefits of digital transformation in the era of I4.0. To lever-
age advanced technologies effectively, companies must 
invest in up-skilling and re-skilling of the end users. Other-
wise, investments in novel solutions risk underperformance, 
as technological potential cannot be realized in isolation 
[29]. The culture should focus on continuous improvement 
and shift in employee mindset with shared responsibility for 
assets. To achieve this, organizational conditions must be 
initiated, e.g., time for dialogue and cross-functional com-
munication, reflection and learning between organizational 
levels and teams. Therefore, top management should adopt 
a strategy of a learning organization based on trust, com-
petence and responsibility among all employees including 
governance structures to support modern technologies [25, 
27]. Focusing on a shared vision of building competence 
and knowledge to adapt and integrate modern technologies 
could be the starting point for initiating change. Leaders at 
all levels, from top management to team leaders, need to be 
visible and present to constantly evaluate and re-evaluate 
initiatives and results together with employees. This learn-
ing loop built on communication and mutual trust, is essen-
tial for building a learning organization, as confirmed by 
Garvin's definition [25].

Fig. 3  Prioritized development areas supporting technology readiness in maintenance (created by authors)
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Though not explicitly brought forward in this study it 
needs to be highlighted that in addition to the human-cen-
tric perspective of I5.0, the perspectives of sustainability 
and resilience are important for maintenance and opera-
tional reliability. Effective maintenance reduces resource 
use, energy consumption, and equipment wear, supporting 
more sustainable operations [5]. At the same time, a focus 
on reliability and dynamic maintenance enhances the ability 
to prevent, withstand, and recover from disruptions, which 
strengthens system resilience, particularly in interconnected 
value chains [6, 9]. Thus, making maintenance a key enabler 
of resilient operations.

The findings support the progress towards the concept of 
Maintenance 4.0, where digital solutions enhance predictive, 
preventive, and operational practices [4, 12, 32]. Thus, not 
only does the maintenance function benefit from technological 
advancement, but such initiatives can also serve as a visible 
starting point for broader organizational learning, cultivat-
ing an adaptive organization capable of continuous improve-
ment. For the organization to reach a higher level of analytical 
capability a transition towards data- and knowledge-driven 
decision making in relation to the maintenance operations is 
necessary. The sawmill processes generate large volumes of 
data, though, much of this data remains underutilized primar-
ily due to lack of, or low, analytics competence. Further, novel 
technologies create opportunities for safer working environ-
ments, improved skills development, and career pathways that 
empower workers rather than replace them.

A roadmap to technological readiness in the sawmill con-
text emerges from this study. Technology should act as both 
a catalyst and a reference point, meaning that advanced sys-
tems in place allow the organization to identify opportuni-
ties, experiment with the technology, and adapt to new ways 
of working. For example, pilot studies and incremental test-
ing are useful tactics, but success ultimately depends on 
human-centric design and engagement, emphasizing social 
sustainability and participatory approaches consistent with 
I5.0 principles. Maintenance emerged from the study as a 
strategic entry point for technological readiness and trans-
formation. The I4.0 maturity model proposed by Schum-
acher et al. [18] is highly applicable as analytical model for 
studying technology readiness in the sawmill context. Its 
structured and multidimensional framework enables a com-
prehensive assessment of both technology and organization, 
helping to identify strategic, cultural, and workforce-related 
gaps that are critical for advancing toward I5.0.

Maintenance holds significant untapped potential as a 
strategic lever for achieving technology readiness with the 
capacity to drive sustainability, resilience, and innovation 
across industrial operations [7, 11]. To realize this poten-
tial, organizations must move beyond technical implemen-
tation and adopt a holistic strategy that integrates digital 

capabilities with organizational culture, human resource 
development, and long-term value creation [12].

Broadening the perspective, this study offers insights 
that extend beyond the sawmill industry. Other industries 
seeking to reach technological readiness can learn from the 
emphasis on aligning technology investments with organi-
zational development. Beginning with maintenance as an 
entry point, building human competencies, piloting tech-
nologies, and integrating systems provides a generalizable 
approach to navigating technological challenges. Moreover, 
the study illustrates the value of transdisciplinary collabora-
tion, combining interdisciplinary perspectives with bound-
ary crossing between academia and industry can support 
innovation in manufacturing industry [12, 35].

6  Conclusions

The transition towards I5.0 calls for organizations to bal-
ance technological innovation with human and environ-
mental priorities. Maintenance in the sawmill industry can 
develop under I5.0, where technology readiness supports 
human-centricity, sustainability, and resilience. Predictive 
and knowledge-driven tools within maintenance 4.0 can 
facilitate the reduction of waste and extend asset life. With 
such a view, maintenance becomes not only an operational 
necessity, but also an enabler of sustainability and resilience 
in the sawmill industry.

Practical implications for the sawmill industry emphasize 
the importance of effective communication across all depart-
ments, not only within maintenance function. Maintenance 
should be regarded as a prerequisite for resilient and robust 
production processes, enabling a more reliable system that 
also enhances human safety. The study highlights the need for 
strengthening maintenance practices, continuously involve 
operators and promoting a cultural shift in mindset towards 
shared responsibility for company assets. To accomplish this 
transformation journey, the suggestion is to use maintenance 
as a foundational arena for transformation. Positioning main-
tenance as an operational testbed enables structured experi-
mentation with digital tools, data-driven methods, and new 
collaborative routines. Concurrently, building human com-
petencies becomes essential; organizations should invest in 
continuous skill development, hands-on training, and learn-
ing environments that allow personnel to integrate digital 
technologies into daily work practices.

The study underscores that technological readiness in 
industrial settings is as much about people, learning, and 
organization as it is about technology. Advanced systems 
may yield limited success unless accompanied by compe-
tence development and cultural understanding. Mainte-
nance functions offer a practical and strategic starting point, 
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supporting both operational improvements and broader 
organizational readiness for technological advancements. 
By integrating technology and human capability companies 
can pursue a more sustainable, human-centric development 
that aligns with both I4.0 and I5.0 principles.

One limitation of this study concerns the adaptation of a 
quantitative maturity model to a qualitative research context. 
The model applied is originally based on survey data with 
weighted assessment points. In this study, the number of rel-
evant interview statements was used as a proxy for technol-
ogy readiness, which constitutes methodological alteration 
and application. For future studies, a combination of qualita-
tive interviews and quantitative surveys may provide a more 
robust assessment. An additional limitation is that this is a 
preliminary study involving only one organization. On the 
other hand, a substantial amount of data has been collected 
through 21 interviews with fourteen distinct roles, resulting 
in rich and nuanced data. The interview findings have been 
further developed and validated through three workshops 
and compared with research results from other industries 
through literature review. The results can therefore be con-
sidered to have a certain degree of generalizability.

Additionally, future research should explore the develop-
ment of digital capabilities and the human-centric transfor-
mation required for sustainable I4.0 adoption, for instance 
by investigating how organizational culture, employee 
engagement, and leadership influence the integration of 
smart technologies. Understanding the interaction between 
human factors and technology development is essential for 
enabling human-centric and resilient production systems. 
Furthermore, future research addressing the I5.0 perspec-
tives of sustainable and resilient maintenance operations 
are ongoing focusing on concrete examples and implica-
tions for KPIs such as safety, downtime resilience, energy 
impacts, and competence metrics. This research focuses 
on bringing forth crucial organizational changes, within 
wood manufacturing value chain collaboration, for effective 
maintenance and operational reliability that contributes to 
sustainability and resilient industries in conjunction with the 
human-centric perspective.

Appendix 1. Interview template

Background information

Gender
Function/role
Number of years at the workplace
Number of years in the function/role
Work experience (At the company and previous positions)

Theme 1 – Organizational aspects

Describe a typical workday. What are your tasks?
Who do you collaborate with? (Internal and external 

cooperation between different functions).
What works well in the organization, and what would 

you like to see improved?

Theme 2 – Use of technology: understanding 
interaction

What technologies (machines, IT systems, etc.) do you 
encounter during a typical workday?

What works well with technology, and what would you 
like to see improved?

Theme 3 – Improvement potential

Spontaneously, what would you say is the biggest obstacle 
in your daily work?

What would you like to change?
What are the biggest obstacles for maintenance 

operations?
Where do you experience the most stoppages and prob-

lems in production?
Do you have any concrete ideas for changes 

(organization + technology)?
What prevents production from being efficient (eco-

nomic), safe (social), and environmentally friendly 
(ecological)?
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