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Abstract: In order to survive in today’s highly competitive global market, small and medium-sized
enterprises (SMEs) have had to transition from sequential to concurrent product development, which
significantly shortens development cycles, reduces costs, and ensures high product quality. Despite its
many benefits, concurrent product development is still based on detailed upfront planning and cannot
address the challenges related to today’s ever-growing uncertainty, constantly changing environment,
and unstable requirements. A potential solution to this problem could be in more flexible and valuedriven agile project management (APM) approaches, typical of software development. In this paper,
we propose a new product development model specifically appropriate for SMEs that combines
concurrent product development principles with APM elements. It is designed as a loop of five
repetitive steps (macroplan, microplan, iteration activities, review, and retrospective) that are being
executed within individual concurrent development loops. The application of the model is presented
on a real case example of process development and small batch manufacture of a complex wiring
harness. The study reveals many benefits of the proposed model, such as improved communication,
faster detection of discrepancies, more effective problem solving, and greater flexibility. A positive
impact on project success is also observed.
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1. Introduction
The success of new product development (NPD) is of vital importance for the growth
and prosperity of manufacturing companies [1]. Complex product demands are increasing [2] and companies must be able to produce the right products at the right time and
at an affordable price; otherwise, they can quickly lose their competitive advantage [3,4].
Especially vulnerable are small and medium-sized enterprises (SMEs) that can find it
difficult to compete with larger companies on a global market and are also more prone to
suffer from potential losses related to unsuccessful NPD, as they have a smaller set of both
financial and non-financial resources [5,6].
One of the key success factors of NPD is a selection of an appropriate project management approach [7,8]. For a long time, predictive linear approaches, such as the stage-gate
model, have been used [9–11]. An upgrade of traditional sequential models represents
the concurrent product development model [12]. In concurrent development, the development stages overlap, which facilitates collaboration and information sharing, and therefore
enables more efficient product development [13].
Both traditional sequential and concurrent development approaches focus on upfront
planning and control and work well in a deterministic and certain environment. In today’s
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highly unpredictable and constantly changing environment, however, companies need
to adopt more flexible approaches. For that purpose, agile project management (APM)
approaches have emerged over the last few decades. Originally developed for the software
industry, APM is now being increasingly transferred also to other industry sectors due to
its many benefits [14]. In recent years, various hybrid models combining traditional and
APM approaches have been developed, and studies show that there are many benefits to
such a combination [15,16]. However, most of the studies have been conducted in large
companies [17], and there is a great concern that the existing hybrids are not appropriate
for SMEs [18].
The main aim of this paper is to propose a new product development model that combines concurrent product development principles with APM elements and is specifically
suitable for SMEs. The model is designed as a loop of five repetitive steps that are being
continuously executed within concurrent product development loops. The use of the proposed model is shown on a real industry project, conducted in a Slovenian medium-sized
manufacturing company. The study shows that there are many benefits to the proposed
agile–concurrent product development model for SMEs, such as improved communication,
faster detection of discrepancies, more effective problem solving, and greater flexibility.
Additionally, a positive impact on project success could be observed, both in terms of
project efficiency and stakeholder satisfaction.
The rest of the paper is composed as follows: Section 2 presents a literature review
on concurrent product development, APM, and hybrid models. The biggest challenges
of applying APM in SMEs are also presented. In Section 3, the research methodology is
described. In Section 4, we describe the steps of the proposed model in detail. The model
is further presented in terms of a structured project management process as an integrated
part of the project execution phase. In Section 5, the use of the model is shown on a real case
example of a complex wiring harness development. The main findings of the case study
are presented. In Section 6, we compare the proposed model to other existing hybrids and
elaborate on its main advantages and potential challenges. The paper concludes with some
final remarks and directions for future research.
2. Literature Review
2.1. Concurrent Product Development
Concurrent product development first appeared in the late 1980s as an upgrade of the
traditional sequential product development. It is defined as “ . . . a systematic approach
to the integrated, concurrent design of products and their related processes, including
manufacturing and support. This approach is intended to cause the developers from the
very outset to consider all elements of the product life cycle, from conception to disposal,
including quality, cost, schedule, and user requirements” [19].
In concurrent product development, the traditionally sequential development stages
overlap. For performing the interactions between the overlapping stages, the track-andloop approach has been proposed. In the track-and-loop approach, the overlapping stages
are combined into development loops; this facilitates communication and enables constant
information sharing. For SMEs, Winner et al. propose the adoption of 3-T loops, which
means that three consecutive stages overlap and interact [19]. The general concurrent
product development process with the application of 3-T loops is shown in Figure 1 [20].
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achieving greater project efficiency is also detailed upfront planning. While in the tradi‐
tional sequential product development, on average 3% of total order development time is
used for planning, in concurrent product development this time increases to about 20%
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and as much as 95% fewer errors and necessary changes [24]. Another important factor in
achieving greater project efficiency is also detailed upfront planning. While in the traditional sequential product development, on average 3% of total order development time is
used for planning, in concurrent product development this time increases to about 20% [25].
This enables detection and elimination of discrepancies early on when the implementation
of potential changes is easier and less expensive [26].
Although concurrent product development, based on detailed upfront planning,
enables greater project efficiency in rather stable project environments, it does not offer the
necessary means to address the challenges of today’s turbulent environment. Companies
are becoming more and more aware that they need to upgrade their standard development
approach with appropriate principles that will introduce greater flexibility and enable a
more rapid and effective response to change.
2.2. Agile Project Management
APM approach first emerged in the software industry as an alternative to traditional
deterministic approaches that no longer allowed for effective development in highly unpredictable and competitive environments [27]. It became widely popular with the release
of the Agile Manifesto in 2001, where 17 prominent practitioners presented better ways of
developing software. Through their work, they have come to value (1) individuals and
interactions over processes and tools; (2) working software over comprehensive documentation; (3) customer collaboration over contract negotiation; (4) responding to change over
following a plan [28]. The main goal of APM is to ensure greater flexibility and faster
response to change by reducing documentation and minimizing upfront planning [29].
The main differences between traditional and agile project management approaches are
presented in Table 1.
Table 1. The main differences between traditional and agile project management approaches.
Characteristic

Traditional Project Management Approach

Agile Project Management Approach

Environment
Project size
Requirements and
specifications

Stable, predictable
Large projects

Turbulent, dynamic, unpredictable
Small projects
Rough initial definition, gradual development,
in a form of user stories, changes encouraged
Iterative and adaptive planning, detailed
planning for one iteration upfront only
Short iterations, iterative and incremental
development
Smaller teams, generalizing specialists,
self-organization, full dedication, colocation,
daily meetings
Leading and cooperating
Active involvement in product development,
frequent feedback information
Informal
People-oriented, constant control of
requirements and solutions, frequent testing
Adaptability, flexibility, responsiveness, quick
value delivery
Project triangle (time, costs, quality),
stakeholder satisfaction

Planning

Known upfront, big changes not expected
Detailed upfront planning for the whole project

Management style

Sequential development stages, strictly
following an initial project plan
Larger teams, high level of specialization,
hierarchy levels, responsibilities clearly
assigned
Control and command

Customer collaboration

Initial involvement (project definition)

Communication

Formal
Process-oriented, detailed planning, strict
control, testing later on

Development approach
Teamwork

Quality control
Goals

Optimization, predictability

Project success

Project triangle (time, costs, quality)

Definitions of APM still differ, however, in general, it can be defined as “ . . . an approach that seeks flexibility, simplicity, iterations in short period of time, and incrementally
add value” [30]. In APM, the whole development process is partitioned into short iterations,
and after each iteration, a working, potentially marketable partial product is delivered to
the customer. The customer, who is actively involved in the development process, tests the
product increments and constantly provides feedback information. This allows for faster
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identification of discrepancies, rapid response to change, and development of the product
that the customer wants and needs.
For achieving greater project agility, many practices have proven to be very beneficial
and are nowadays frequently used for managing complex software projects. Some of the
most popular APM practices are listed and briefly described in Table 2.
Table 2. Popular APM practices.
APM Practice

Description

Iterative development
Iterative planning
Incremental development, frequent value
delivery
Time boxing
Active customer collaboration
Product backlog
User stories
Small self-organized interdisciplinary teams
Colocation
Daily standup meetings
Test-driven development
Pair programming
Burndown chart
Simplicity
Continuous integration
Retrospectives

The whole development process is partitioned into short iterations
(1–4 weeks long).
Instead of upfront planning, a plan is developed iteratively for one iteration
upfront only.
Each iteration results in a working product increment customers can already use.
The duration of activities (meetings, iterations) is defined upfront and is fixed.
The customer is involved in the development throughout the project and
constantly provides feedback and collaborates with the project team.
The project is cut into small pieces that are prioritized based on customers’
business needs. Project backlog is flexible and updated frequently.
Customer requirements and needs are provided in terms of short and simple
descriptions of desired functionalities.
Teams are small (usually 7 ± 2 members), all team members are equal (no team
leader), tasks are internally rearranged between team members, each team
member can take on each task
All team members are located in the same room.
Short standup meetings (15 min) are carried out every day at the same time and
in the same location where project progress is discussed.
Before fully developing software, test cases are prepared to test new code.
Team members work in pairs, one writes the code while the other supervises.
Roles are frequently switched.
For greater transparency, work left to do versus time is graphically represented.
Designing simple software is cheaper and quicker, and it allows for easier
problem fixing.
All new code is first verified and then connected with the existing code.
Retrospectives should be carried out frequently to analyze good and bad
practices and identify possibilities of improving processes.

Based on the APM best practices, many different structured agile methods have been
developed over the years. All of the existing methods are based on iterative and incremental
development, collaboration, simplicity, and adaptability [31] but differ in their depth of
guidance and breadth of their life cycles [32]. Among the most popular APM methods are
scrum, kanban, scrumban, extreme programming (XP), feature-driven development (FDD),
dynamic system development method (DSDM), crystal methods, etc. [32–34].
The benefits of APM methods, which are nowadays considered to be the mainstream
in software development [27], are numerous: more effective and rapid response to change,
timely identification of errors, greater flexibility, improvements in teamwork, greater
transparency, etc. [35,36]. Consequently, APM has started to gain recognition also outside
the software industry. Due to some discipline-specific differences, a direct transfer of APM
methods to other industry sectors is not possible [37], but the so-called hybrid models have
started to emerge that can represent a good alternative for non-software companies [38].
2.3. Hybrid Models
Hybrid models combine agile methods with traditional product development models [15,39], thus enabling companies to take advantage of agility without sacrificing the
stability provided by traditional approaches [15,16]. Many researchers agree that it is the
balance between agile and traditional approaches that is usually the most effective for
managing projects [29,40–42]. A study by Gemino et al. showed that hybrid approaches
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lead to higher stakeholder satisfaction than traditional approaches while allowing for a
comparable project efficiency as completely agile approaches [41].
Of all the existing agile methods, scrum has the greatest potential for physical product
development [43,44]. The reason for this can be found in the fact that scrum is relatively
simple, direct, and well documented, compared with other agile methods. Additionally,
Sommer et al. (2015) state that scrum is the only agile method that directly addresses all
aspects of project management and is explicitly intended for managing projects across the
development process [45]. Most often, scrum is combined with the traditional stage-gate
model, which is still very frequently used in product development [9,10].
Cooper, the father of the stage-gate model, addressed a number of criticisms of this
traditional model in his 2014 article [10], such as strict linearity, rigidity, inflexibility, and
a high level of bureaucracy. He discussed the next generation of the stage-gate model,
which needs to become more flexible, agile, and accelerated in order to be able to effectively
manage innovative and dynamic projects. He also introduced the idea of a protocept,
equivalent to a working product increment in agile software development. A protocept can
represent anything from the initial concept to the final working prototype, something that
leads us closer to the final product and enables customers to provide feedback information
on [10].
Based on Cooper’s work, Sommer et al. later developed the agile–stage-gate hybrid,
proposing the use of a stage-gate model on the strategic management level and scrum
on the operational level [45]. The hybrid is based on the adaptation of typical scrum
events (sprint planning, sprint review, sprint retrospective, daily scrum), scrum roles
(scrum master, product owner, development team), and scrum artifacts (product backlog,
sprint backlog, sprint increment, i.e., protocept). Case studies in various multinational
corporations (Lego Group, Danfoss, Tetrapak, etc.) have shown that the implementation of
the proposed hybrid leads to significant improvements, such as design flexibility, faster
response to change, improved productivity, better communication, improved productivity,
and raised team morale [43,46–48]. There have also been some attempts to implement the
proposed agile–stage-gate hybrid in SMEs. The study of Edwards et al. has shown that the
implementation is possible; however, it requires some additional adaptations and leads to
less evident improvements [17].
Conforto and Amaral developed the IVPM2 method for managing innovative product
development projects. The method combines the traditional stage-gate model approach
(phase definition, standardized documentation, and checkpoints) with different scrum
elements (iterative cycles, visual boards, and daily standup meetings) [42]. Research has
shown that simple iterative and visual agile practices, combined with good practices of
traditional product development, lead to greater creativity and innovation, greater added
value for the customer, shorter planning time, and improved communication between all
stakeholders [42,49].
Schuh et al. designed a customized scrum model for a highly iterative innovation
process and rapid realization of physical product ideas [50]. The model is based on
continuous integration of customers and production engineers and early and stepwise
development of prototypes. As key enablers, integrated ICTs, interdisciplinary teams,
a product lifecycle management system, and scalable manufacturing technologies are
suggested. The authors also highlight the potential advantages of running individual
cycles in parallel, which could further accelerate development [50].
Ullman presented an adapted scrum framework for hardware design and proposed
its use in the combination with the stage-gate model [44]. In his book, he presented thirteen
steps of the proposed framework that are being executed within the organize–plan–do–review
cycle. Similar to the agile–stage-gate hybrid [45], Ullman’s adapted scrum framework also
preserves the typical scrum events, roles, and artifacts [44].
Reichwein et al. recognized APM as a potential solution to the problems of the
additive manufacturing industry. They designed additive manufacturing adapted scrum
procedure that stresses the importance of frequent production of prototypes, which allows
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for early testing of product functionality and facilitates the introduction of changed or new
requirements [51].
As a first attempt to combine scrum with a concurrent product development model,
Žužek et al. presented a conceptual agile–concurrent hybrid [13]. They propose that
concurrent product development framework remains unchanged (stages overlap, the
track-and-loop approach is preserved, etc.), while scrum is proposed for the execution of
day-to-day work. As the main advantage of the proposed hybrid, the authors stress a more
comprehensive protocept that in agile–concurrent hybrid represents the result of an entire
development loop, not only of one stage. This allows for a broader insight into the project
progress and more extensive customer feedback.
Combining APM and concurrent product development elements has also been recognized as a promising solution for advanced mass customization and one-of-a-kind
production [52]. The study of Varl et al. showed that such a combination can result in
great direct savings (reduced time to market, rework, man-hours, etc.) and indirect savings
(improved knowledge management, improved information flow, etc.). They have also
reported increased team motivation, a lower number of changes during later phases, and
enhanced effectiveness.
The results of hybrid models applied to physical product development in large organizations are very promising; however, there is a great lack of literature regarding
agile and hybrid approaches in SMEs [17]. This is rather surprising, concerning SMEs
account for the majority of businesses worldwide. The few existing studies indicate that
the implementation of APM in SMEs is feasible but much more challenging than in larger
enterprises [17,18]. Both Edwards et al. [17] and Žužek et al. [18] showed that ensuring
fully dedicated team members, which represents an important element of APM, is almost
impossible in SMEs. Additionally, the implementation of existing hybrids requires a complete company reorganization, which usually calls for employing agile experts [48,53].
Most SMEs usually do not have enough financial and non-financial resources to afford
such an extensive transformation and therefore need an alternative approach that will still
allow them to increase their agility but without such high inputs and risks related to it.
3. Research Methodology
Based on a thorough literature review and the problem stated above, we focused on
the following two main research questions:

•

•

RQ1: How can a structured product development hybrid be designed that is specifically appropriate for SMEs and allows them to increase their agility without a complete
company reorganization?
RQ2: Is the adoption of such a hybrid possible in a real industry environment, and are
there any benefits to it?

A potential answer to the first research question (RQ1) has already been indicated
by Hilt et al. [54], who found that companies can relatively easily adopt individual APM
practices separately (not as a part of a structured APM method such as scrum) and combine
them with traditional approaches without losing their benefits. Žužek et al. [18] further
supported this statement through an in-depth case study in a Slovenian medium-sized
manufacturing company, where they showed that combining APM practices with concurrent product development principles can evidently increase the level of project agility and
positively impact project success. Customizing a company’s standard project management
approach by implementing individual APM practices based on individual project’s characteristics instead of adopting an entire APM method has also been suggested by Brandl
et al. [55] and Gabriel et al. [56].
Based on these findings and our experience in a real industry environment, we propose
a new structured hybrid product development model for SMEs based on implementing
individual APM elements and best practices into a standard concurrent product development approach that proved more efficient than the traditional sequential approach. We
present a five-step agile–concurrent product development model for SMEs and describe
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each of the steps in detail. We further present the model in the context of the whole project
management process, where it represents an integrated part of the project execution phase.
In order to address the second research question (RQ2), we show the use of the proposed model on a real case example of process development and small batch manufacture
of a wiring harness in a Slovenian medium-sized manufacturing company. The case company is a tier 2 supplier for the automotive industry. Its development process follows the
advanced product quality planning (APQP) framework and automotive standards such as
IATF 16949:2016. In 2019, when the case project began, the company had 200 employees
and EUR 20 million turnovers. The realization of the proposed steps and the company’s
internal adaptations of the model are shown. The success of the model implementation is
evaluated through the evaluation of agility level increase. Additionally, the main benefits
of the proposed model are presented.
4. Agile–Concurrent Product Development Model for SMEs
The proposed agile–concurrent product development model for SMEs takes on the
philosophy behind the existing hybrids (agile–stage-gate hybrid [45], IVPM2 [42], agile–
concurrent hybrid [13], etc.) that preserve traditional approaches on the strategic management level while introducing agility on the execution level. The basis for the proposed
model represents the concurrent track-and-loop approach that is now upgraded with an
internal agile cycle (iteration) inspired by agile scrum and popular APM practices (iterative and adaptive planning, customer collaboration, protocepts, daily standup meetings,
retrospectives).
The agile cycle is designed as a loop of five repetitive steps—macroplan, microplan,
iteration activities, review, and retrospective (Figure 3)—that are being executed within
Sustainability 2021, 13, x FOR PEER REVIEW
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4.1. Steps of the Agile–Concurrent Product Development Model for SMEs
4.1.1. Step 1: Macroplan
The first step of the proposed model is the macroplan generation. The macroplan
represents a rough project plan, containing basic project activities and all major mile‐
stones. It is designed according to concurrent product development principles: the devel‐
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In the following, the five steps of the proposed model are described in detail.
4.1. Steps of the Agile–Concurrent Product Development Model for SMEs
4.1.1. Step 1: Macroplan
The first step of the proposed model is the macroplan generation. The macroplan
represents a rough project plan, containing basic project activities and all major milestones.
It is designed according to concurrent product development principles: the development
stages overlap and are combined into 3-T loops (the track-and-loop approach). A two-level
team structure with changing project team composition is adopted. At the beginning of
the project, the project teams of individual loops are formed, and the project manager
is assigned. As SMEs only rarely employ specialized project managers [57], this role is
usually assigned to one of the team members.
The macroplan should be generated using appropriate project management software
and a standardized template. This facilitates the initial planning process and enables
automatized plan updates based on the detected changes. Having good software support
is necessary when working in a multi-project environment.
After the initial macroplan is generated, the iteration duration is defined based on the
complexity of the project (usually a few weeks). It is also decided if any additional APM
practices will be adopted (e.g., user stories, burndown chart, etc.). The selection of APM
practices depends on the capabilities of the company and the needs of the project and can
be adapted with each iteration.
At the beginning of each iteration, the macroplan is updated based on the newest
information. Updates have to include potential changes in the timeline and new activities
related to new or changed customer requirements. Frequent updates of the macroplan
provide a certain stability to the process and allow for an in-depth insight into the whole
development process. Thus, it is ensured that the project team does not forget the final
project goal when working on individual iteration increments.
4.1.2. Step 2: Microplan
The second step of the proposed model represents the generation of a detailed iteration microplan. The project team defines iteration requirements and the iteration
protocept. A to-do list containing all priority activities necessary for achieving the set
iteration goals is designed. The responsibilities are rearranged internally, based on the
team members’ expertise.
For the microplan representation, a simple Gantt chart or a table can be used; however,
it is encouraged to adopt visual tools typical of APM, such as a scrum table. In the scrum
table, the iteration activities are organized into three groups: to do, in progress, done. The
activities are moved between different groups based on the iteration progress, which allows
for greater clarity and transparency.
Iterative and adaptive microplanning for one iteration upfront only introduces the
much-needed flexibility to traditional project management approaches. It allows for a more
rapid and effective response to changes in a project environment.
4.1.3. Step 3: Iteration Activities
Iteration activities are carried out in accordance with APM and concurrent product
development principles. The project team members are constantly collaborating and sharing information. They share the responsibility for achieving iteration goals and protocept
development. According to APM, it is beneficial that the project team is collocated, but the
development of advanced ICTs has enabled a fast and reliable exchange of information
even among distributed team members. Still, face-to-face communication and problem
solving have proven to be the most effective.
In the proposed model, the team members are not fully dedicated to only one project;
therefore, daily standup meetings similar to daily scrums should be introduced. Each
day, all team members should gather in the same location and at the same time to quickly
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elaborate on project progress. Each team member answers the following three questions:
What did you accomplish yesterday? What will you accomplish today? Are there any
impediments in your way? Daily standup meetings should be brief, no longer than 15 min.
The result of each iteration represents the protocept, defined in the second step of
the model. Depending on the loop underway, the protocept can represent anything from
initial drawings, 3D models, simulations, samples, working prototypes, etc. The use of
advanced modern technologies (e.g., powerful computer tools, virtual and mixed reality, 3D
printing) can greatly facilitate the production of protocepts and offer the customer a more
comprehensive insight into the development process and a better idea of the manifestation
of the final product.
4.1.4. Step 4: Review
After each iteration, a review is carried out. The review is intended to analyze the
iteration results and the protocept together with the customer. Customer reviews the
protocept, tests it if necessary, and provides feedback. Constant customer collaboration
allows for faster creation of final requirements and timely implementation of potential
changes. It is also intended to eliminate technical discrepancies and resolve open points.
4.1.5. Step 5: Retrospective
Similar to scrum, the last step of the proposed model represents a retrospective.
The retrospective is intended for the project team to evaluate the workflow and identify
potential opportunities for improvements. The use of tools such as a starfish diagram
(shown in Figure 3, Step 5) allows the project team to analyze good and bad practices and
thus continuously upgrade the processes.
4.2. Project Management of Agile–Concurrent Product Development in SMEs
In terms of the whole project management process, the proposed model represents an
integrated part of the second project management phase, i.e., the project execution phase.
The whole project management process of agile–concurrent product development in SMEs
is shown in Figure 4.
In the first phase (the project goal definition and planning phase), the company reviews
the contract and defines key goals and strategies, the project milestones are checked, and
reference projects are found. Based on the initial project definition, a rough macroplan
and risk analysis are prepared that can lead to either project termination or continuation
according to the following project management steps.
If it is decided to continue, the project team selects the appropriate project management
approach (traditional, agile, or hybrid) based on various factors related to the characteristics
of the project, the project team, and the company culture. To help with the decision, various
APM suitability filters can be used (see for example Boehm and Turner’s polar chart [58] or
APM suitability chart proposed in [32]). If the evaluation shows that traditional approaches
are more appropriate, the project team continues with the project execution according to
the standard concurrent product development model. Otherwise, the project execution
phase begins based on the proposed agile–concurrent product development model.
The five steps of the proposed model are carried out within individual product
development loops. Each loop is executed until all loop goals are met. The loop goals
are inspected at the end of each iteration, which enables a smooth transition between the
individual loops and project team compositions.
After the goals of the last loop are met, the project finalization phase begins. In the
project finalization phase, course and deviation analysis is carried out, and attained goals
are evaluated. The whole project documentation is stored in the project dossier that can
serve as a reference for future projects. After the project dossier is archived, the project
team is dissolved, and the project is completed.
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In terms of the whole project management process, the proposed model represents
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phase. The whole project management process of agile–concurrent product development
in SMEs is shown in Figure 4.
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Figure 4. Project management of agile–concurrent product development in SMEs.

5. Results
The proposed model was successfully introduced into a Slovenian medium-sized
manufacturing company (described in Section 3. Research Methodology), where it proved
to be easily adoptable and very beneficial. In the following, the use of the model is shown
on an example of process development and small batch manufacture of a complex wiring
harness for a car battery. The realization of the proposed steps and the company’s internal
adaptations of the model are presented.
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5.1. Use of the Proposed Model on a Case Project
5.1.1. Step 1: Macroplan
In the case company, the development process follows the advanced product quality
planning (APQP) framework and is consistent with the basic concurrent product development principles. In Figure 5a, the overlapping of the stages and the formation of 3-T loops
for the case project are shown. Figure 5b shows the changing project team composition according to the track-and-loop approach. The company does not employ specialized project
managers; therefore, this role was assigned to the head of research and development. In
Figure 5c, the initial project macroplan is shown. The macroplan was prepared using an
internal template (in MS Excel), adapted to the strict standards of the automotive industry. It contains all crucial project information: project activities (start, finish, man-hours),
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5.1.4. Step 4: Review

Rotate for 90°

Rotate for 90°

Rotate for 90°

In accordance with APM, the project team focused on more incremental development
and frequent value delivery. The main result of each iteration represented a predefined
protocept that was delivered to the customer as a part of a weekly review. In Figure 9b, a
few examples of prototypes are shown.

OK

Rotate for 90°

The review was carried out in a form of weekly teleconferences. Teleconferences
were scheduled each week at the same time and were intended to review the results of
the iteration.
In Figure 10, the results of the 20th iteration are presented. The main protocept of the
20th iteration represented the first samples of a wiring harness (Figure 10a). Based on the
discussion and customer feedback, technical discrepancies were dissolved and changes
to the connector cover and terminal
material were proposed. Two-dimensional drawings
(b)
were also changed (Figure 10b). In accordance with all new pieces of information and
changes proposed, the project timeline was adjusted (Figure 10c), which also provided the
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Figure 10. Results
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macroplan) were identified as unnecessary and ineffective and were therefore abandoned.
5.2. Findings of the Case Project
With the implementation of the proposed model, the case project was successfully
executed. Based on the results of the case study, we came to the following conclusions:
First, the proposed model is easily adoptable even in SMEs that are just starting the
agile transformation. The case company, whose standard development process follows
concurrent product development principles, had no problems in upgrading it with APM
elements even without lengthy training sessions and the employment of agile experts.
Second, with the implementation of the proposed model, the agility level increases
significantly. The comparison of agility levels before and after the model implementation
is shown in Table 3. For the evaluation, the standard questionnaire for measuring agility
was applied (Appendix B; taken from [60]). The five key agility variables (customer and
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team integration, delivery frequency, customer validation, decision time, and project plan
updating time) were evaluated by the project manager, who has years of experience in the
field and, therefore, presented a reliable source of information. As proposed by the authors
of the questionnaire, a six-point Likert scale was adopted for the evaluation.
Table 3. Agility level before and after the implementation of the proposed agile–concurrent product
development model for SMEs.
Variable

Before the Implementation
of the Proposed Model

After the Implementation of
the Proposed Model

Customer and team
integration
Delivery frequency
Customer validation
Decision time
Project plan updating time

4

6

3
6
3
3

5
6
6
5

Σ

19

28

Third, the combination of concurrent product development and APM principles
proved to have several advantages. Concurrent product development and rough macroplanning provide for the stability of the development process, while the APM practices such as
iterative and adaptive microplanning lead to a more efficient and rapid response to change
and thus greater flexibility. Daily standup meetings improve communication within the
team and allow for facilitated work in a multiproject environment. Reviews, frequent protocepts, and constant customer collaboration enable faster identification of discrepancies
and lead to more effective problem solving. The study also confirmed that the changing
team composition typical of the concurrent track-and-loop approach represents a good
alternative to the fully dedicated APM teams. In combination with the daily standup
meetings, it allows all team members to stay up to date with the newest information, even
if they have little or no responsibility in the loop underway and have to work on other
projects at the same time.
Last but not least, the results of the study indicated that implementing the proposed
agile–concurrent product development model positively impacts project success. For the
case project, both the project efficiency (costs, time, quality) and stakeholders’ satisfaction
(company, project team, customer) exceeded the company’s expectations (a more in-depth
project success evaluation for the case project is published in a separate paper [18]). Additionally, the project manager, who has years of experience with similar projects (similar
in scope and complexity), stated that if the company’s standard product development approach would have been applied, the project could not have been executed as successfully.
6. Discussion
With this study, we aimed to address two main research questions. In terms of RQ1,
i.e., how to design a hybrid model specifically appropriate for SMEs, we showed that a
combination of concurrent product development principles and APM elements provides
a valuable alternative to the existing hybrid models. We designed a structured agile–
concurrent hybrid that upgrades standard concurrent track-and-loop approach with an
internal five-step agile cycle inspired by scrum.
In comparison to other existing hybrid models, the main advantage of the proposed
model is that it takes into account the unique characteristics of SMEs (lower financial and
non-financial resources, impossible to ensure fully dedicated team members, not employing
specialized project managers, etc.). It preserves the standard company organization, typical
of concurrent product development in SME and therefore does not require high financial
and non-financial investments related to an extensive company reorganization. In other
existing hybrids, typical scrum roles and artifacts are adopted (e.g., [13,44,45]), which
requires the employment of agile experts and extensive training of employees. In such
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hybrids, the hierarchy structures also need to be adopted, which can lead to resistance of
employees and skepticism of top management [61].
Another noteworthy advantage of the proposed model is addressing the challenge of
ensuring fully dedicated team members through the changing project team composition
according to the concurrent development loop underway. Some other researchers have also
mentioned changing team composition and part-time dedication as a potential solution [43];
however, none has explicitly addressed how and when the team composition should change
and how effective information sharing can be preserved.
Furthermore, in the proposed model, agile iterations are executed within concurrent
product development loops, which enables a broader insight into the project progress
and timely detection of potential discrepancies between different functional departments.
Similar to the agile–concurrent hybrid [13], the protocept is more comprehensive, as it
combines the progress of three consecutive stages and therefore allows for more extensive
feedback from the customer.
The second research question of the paper (RQ2) focused on the implementation of the
proposed model in a real industry environment. The case study conducted in a Slovenian
medium-sized manufacturing company showed that the implementation of the model
is feasible and leads to an evident increase of agility. Additionally, a positive impact on
project success was observed.
Allowing for comparable benefits with much lower investments, the proposed model
proved to be more appropriate for SMEs than existing hybrids combining traditional
models with scrum. Additionally, the model is widely applicable, as it enables SMEs to
simply adjust the set of APM practices, iteration duration, etc. to their own needs and
capabilities. Still, the proposed model is not a priori applicable for all SMEs, and some
limitations and potential challenges of its implementation have to be addressed.
First, the proposed model is primarily suitable for innovative projects. In SMEs that
are working on simple or routine projects, where the solutions are in a great manner known
upfront, the proposed model, with its emphasis on the importance of constant customer
collaboration, daily meetings, and protocept development, would not be beneficial and
could hinder the development process.
Second, all stakeholders must be fully cooperative when implementing the proposed
model: the management must provide full support to the project team, the project team
members must be prepared to change their standard work patterns and work at a more
intense pace, and the customer must be willing to be actively involved throughout the
development process and constantly provide feedback. If SMEs cannot ensure the full
cooperation of all stakeholders, the implementation of the model will fail.
Third, even though there is no need for extensive training, the employees should still
change their mindset and be familiar with general APM concepts, practices, and tools.
Some basic workshops might therefore be necessary. Additionally, it is necessary for SMEs
to have appropriate resources and adopt various modern technologies (advanced computer
simulations, virtual and mixed reality, 3D printing, etc.) [62]; otherwise, the incremental
nature of the proposed model (frequent protocept delivery) could be very expensive and
time consuming.
Last but not least, the proposed model is based on the assumption that SMEs have
already transitioned from a sequential to a concurrent product development approach.
SMEs that have not yet made this transition could therefore have some initial problems with
the implementation of the proposed model. For those SMEs, it is suggested to first adopt
concurrent product development principles (track-and-loop approach, changing team
composition), and then gradually upgrade it with APM elements. The implementation
process—even though much simpler than in other hybrids—still requires some caution,
and in the future, this topic should be addressed in more detail.
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7. Conclusions
Today’s highly competitive global market, along with its great uncertainty, has brought
about a need for a new project management style. Many companies from various industry
sectors have started to recognize APM as a promising new solution for managing complex
projects. In the last decade, so-called hybrid models have started to emerge that combine APM approaches with traditional product development models. The results of the
existing hybrid models are promising; however, they are primarily appropriate for large
organizations, while there is almost no research conducted on SMEs.
In our study, we proposed a new hybrid product development model appropriate
specifically for SMEs. Unlike the existing hybrids that combine sequential product development model with adapted scrum framework, we proposed that SMEs combine individual
APM elements (iterations, iterative and adaptive planning, customer collaboration, protocepts, daily standup meetings, retrospectives) with concurrent product development
principles (overlapping of development stages, track-and-loop approach, changing team
composition). The case study in a Slovenian manufacturing SMEs showed many benefits to
such a combination: improved communication both within a team and with the customer,
timely identification of discrepancies, more effective problem solving, faster response to
change, and greater flexibility. The results also indicated a positive impact of the model on
project success.
The main contribution of the study is a new structured step-by-step development
approach that allows SMEs to increase their agility without having to undergo an extensive
company reorganization or having to invest in high financial and non-financial resources.
It presents one of the first attempts to develop a hybrid model specifically appropriate
for SMEs, and the model is widely applicable, as it can be simply adapted to the needs
and capabilities of an individual company. Furthermore, in the literature, there are almost
no studies addressing APM implementation in SMEs; therefore, the case study presented
in this paper also provides an important contribution to this research field and can be
interesting for both the researchers and the companies starting their agile transformation.
APM for non-software SMEs is still a very young and poorly researched field; therefore,
future research should focus on additional case studies in different industries. Both the
benefits of the proposed model and the potential implementation challenges should be
researched in more detail. Additionally, the main preconditions for a successful model
implementation should be analyzed (e.g., management support, motivated team members,
customer willingness to actively collaborate, etc.). Further, the implementation of the
proposed model was only tested for the execution of one project at a time, while other
ongoing projects were executed according to the standard concurrent product development
model. Implementing the proposed model for multiple projects concurrently could lead
to several challenges related to intense coordination of shared resources and resources
overload. Therefore, a structured implementation approach needs to be developed in the
future that will enable SMEs to translate the use of the proposed model from a single
project level to a multiproject environment.
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Appendix A. APM Suitability Questionnaire (taken from [32])
Culture

•
•

•

Buy-in approach: Is there senior sponsor understanding and support for using an
agile approach for this project? (Yes—1; Partial—5; No—10)
Trust in team: Do the stakeholders (the sponsors and the business representatives
who will be working with the team) have confidence that the team can transform
their vision and needs into a successful product or service, with ongoing support and
feedback going both directions? (Yes—1; Probably—5; Unlikely—10)
Decision-making powers of the team: Will the team be given autonomy to make
their own local decisions about how to undertake work? (Yes—1; Probably—5;
Unlikely—10)
Team

•
•
•

Team size: What is the size of the project team? (1–9 = 1, 10–20 = 2, 21–30 = 3, 31–45 = 4,
46–60 = 5, 61–80 = 6, 81–110 = 7, 111–150 = 8, 151–200 = 9, 201+ = 10)
Experience levels: Do the project team members have experience in APM? (Yes—1;
Partial—5; No—10)
Access to the customer/business: Will the team have daily access to at least one
customer/business representative to ask questions and receive feedback? (Yes—1;
Partial—5; No—10)
Project

•
•

•

Likelihood of change: What percentage of requirements are likely to change or be
discovered on a monthly basis? (50%—1; 25%—5; 5%—10)
Criticality of product or service: Using an assessment that considers loss due to the
possible impact of defects, what type of loss could result from a failure? (Time—1;
Discretionary funds—3; Essential funds—5; Single life—7; Many lives—10)
Incremental delivery: Can the product be built and evaluated in portions? Additionally, will business or customer representatives be available to provide timely feedback
on increments delivered? (Yes—1; Maybe/Sometimes—5; Unlikely—10)

Appendix B. Questionnaire for Measuring Agility (taken from [60])

•

•

•
•

•

Customer and team integration: The frequency of the communication (interaction)
between the project team and the customer to discuss project-related topics was
(1) above 6 months; (2) every 6 months; (3) bimonthly; (4) monthly; (5) biweekly;
(6) weekly or daily.
Delivery frequency: The frequency in which the team delivered partial results to the
customer was (1) above 6 months; (2) every 6 months; (3) bimonthly; (4) monthly;
(5) biweekly; (6) weekly or daily.
Customer validation: The partial results of the project were frequently presented,
discussed, and validated by the customer: (1) strongly disagree to (6) strongly agree.
Decision time: In case of changes in the project scope, what was the average time
needed for the team to analyze information and make a decision? (1) above 30 days;
(2) 15 to 30 days; (3) 8 to 14 days; (4) 4 to 7 days; (5) 1 to 3 days; (6) less than 24 h.
Project plan updating time: In case of changes in the project scope, what was the
average time for the team to update the project plan and to communicate to all
stakeholders? (1) above 30 days; (2) 15 to 30 days; (3) 8 to 14 days; (4) 4 to 7 days;
(5) 1 to 3 days; (6) less than 24 h.
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