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Abstract

Agile and traditional development approaches are used in combination in today’s software development.
To improve the understanding and to provide better guidance for selecting appropriate development ap-
proaches, it is important to analyze such combinations in practice. Results obtained from an online survey
strongly confirm that hybrid development approaches are widely used in industry. Our results show that
hybrid development approaches: (i) have become reality for nearly all companies; (ii) are applied to specific
projects even in the presence of company-wide policies for process usage; (iii) are neither planned nor de-
signed but emerge from the evolution of different work practices; and, (iv) are consistently used regardless
of company size or industry sector.

Keywords

Software process; software development method; software development practice; agile practices;
traditional development approach; hybrid development approach

1 Introduction

As there is no one-size-fits-all software development approach, teams and organizations use different ap-
proaches to address the manifold challenges of software development projects. They rarely follow the pure
approach by implementing a process by the book. For instance, in 2011, West claimed that the “Water-
Scrum-Fall” [1] had become reality for software systems development, and previous studies (box “Related
Studies™) as well as experience suggest that this claim is true. Yet, many questions concerning so-called
hybrid development approaches (box “A Definition”) are still open. In this article, we are particularly inter-
ested in answering the following key questions:

(1) What different development approaches are used and in which combinations?
(2) Why are combinations developed and used?
(3) Do industry sector and company size matter?

Answers to these questions would enable us to better characterize how and why particular development
approaches are used to address improvement goals and problems in respective areas.
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2 Objectives and Method

To shed light on the characteristics of hybrid development approaches and to begin answering the above
questions, we initiated an exploratory multistage international research project named HELENA (Hybrid
DEveLopmENt Approaches in software systems development), and collected data from 69 practitioners
across Europe. In total, the questionnaire comprises 25 questions aimed at collecting data on general process
use, process use in the context of norms and standards, process improvement, and experiences. Due to the
open and explorative nature of the presented study, we intentionally sacrificed full control over the popula-
tion and accepted issues coming along with an explorative study. For instance, we did not provide defini-
tions to the participants regarding the terminology used (e.g., method, process, approach) and categorized
data only during data analysis according to the definitions from [9]. The heart of the questionnaire is a list
of 40 different development approaches, which we crafted from several previously conducted studies (e.g.,
[11], [13], see also box “Related Studies”). For these approaches, we asked the participants to select the
ones used in their project. The survey accepted answers from May to June 2016, and the data collection
strategy applied was ‘convenience sampling’ using a number of mailing lists of IT clusters/networks and
social media (e.g., Twitter, LinkedIn, Facebook, and ResearchGate) within the relevant communities. The
full study material (questionnaire, raw data, etc.) can be obtained online'.

3 HELENA Findings

We present the findings of our survey along the key questions presented above.

3.1 What different development approaches are used and in which combinations?

Since the terms “process”, “method”, “approach”, and “practice” are difficult to define precisely, we decided
to not provide participants with a pre-categorized list. Instead, the provided list comprises 40 different de-
velopment approaches in alphabetical order. The participants were asked to select all the approaches they
use and, if necessary, add further ones. An overview of the basic demographic information can be taken
from the box “Demographics”. Figure 1 shows a large variety of approaches and highlights the ones most
frequently selected, e.g., code review 69.6%, continuous integration 63.8%, unit testing 59.4%, Scrum
53.6%, and the Waterfall/phase model 34.8%.

"HELENA online material, available from ResearchGate: https://www.researchgate.net/project/HELENA-SURVEY -
Hybrid-dEveLopmENt-Approaches-in-software-systems-development
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Figure 1 Overview of the development approaches applied in practice-the chart is based on 729 selections in
the provided list of 40 different development approaches.

To analyze the combination of development approaches in detail, in a first step, we categorized the different
approaches according to the definitions from [9]. Each approach was categorized as either “method” or
“practice”, and as “traditional”, “agile” or “both™. In a second step, we created a matrix to analyze the
pairwise combinations. Figure 2 shows this matrix, and shows our classification of the different approaches
as well as the frequency of the combinations. The darker the color of a particular cell, the more often the
combination of two approaches occurred in the answers, e.g., code review and coding standards (38), the
Waterfall model and Scrum (10), and Scrum and Kanban (13) are often combined. Taking the different
categories into account, Figure 2 clearly shows that traditional and agile approaches are combined with each
other, and that combinations occur among all kinds of development approaches. In summary, with our data,
we can confirm a trend previously observed in [7] that:

(1) different (i.e., traditional and agile) approaches are combined, and
(2) agile practices are combined with each other.

* The terms “agile” and “traditional” are used in the largely accepted understanding that separates elements pre-2001
(i.e., the writing of the agile manifesto) from the ones that emerged afterwards. Elements classified as “both” indicate
practices and methods that have characteristics of both categories.
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Figure 2 Overview of the pair-wise combination of the different development approaches. The chart is based
on 729 approach selections, reported by the 69 participants.

Figure 1 and Figure 2 only show which approaches are used and how they are pairwise combined. In [10],
we focused on statistically analyzing different combination patterns. This analysis reveals that there are few
“base methods”, which serve as umbrella for integrating the different approaches. These base methods are
the V-Model, Waterfall/Phase Model, Scrum, SAFe, and the generic lterative Development. The clusters
statistically constructed around these “base methods” are in line with the two confirmed trends above.

In summary, practitioners use a multitude of different development approaches, and the development ap-
proaches are usually combinations of traditional and agile ones.

3.2 Why are combinations developed and used?

Figure 1 and Figure 2 show that different approaches are used and combined. Therefore, we investigate the
reasons behind this situation by asking several detailed questions:

Defined policies: First, we asked the participants if a company-wide policy concerning process use exists.
52.2% of the participants stated that their company has a defined process or a set of processes, which are
applied to all projects. Contrarily, 20.3% stated that each business unit has its own standards, rules, and
policies and, finally, 27.5% stated that each project has the freedom to select the most suitable development
approach individually. That is, about half of the participants adopt company-level policies, while the rest
selects the development approach more freely.

Planned development: As we, grounded in earlier studies, expected a combined use, we asked the partic-
ipants how a particular combination of approaches was developed. Only 19.6% of the participants stated
that the used approach is an outcome of a planned process improvement program. While for the remain-
ing 83.9%, the majority of the approaches emerges from experiences collected over time, i.e., the actual
approach evolves and is usually not subject to a controlled development — a practice in line with the core
agile principles from the manifesto for agile software development often referred to as “inspect and
adapt”. In this context, 23.2% of the participants also state that they adapt the approach in response to a
specific situation, which is in line with the 27.5% above, who select their development approach individu-
ally.
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Motivation for a hybrid approach: To understand triggers that motivate practitioners developing a hybrid
approach, we asked the participants for the main motivation for developing their approach.

Referring to the different industry sectors (see box “Demographics™), external norms, standards, and rules
can be considered drivers behind the development of hybrid approaches. From the 69 participants, 41 par-
ticipants (59.4%) stated that standards, norms, and regulations are relevant for their companies and/or pro-
jects. From these 41 participants, 23 stated that the companies are challenged by implementing the required
standards and agility, whereas the remaining 18 state that implementing agility is not a problem — but ful-
filling the requirements of the standards is. In a nutshell, almost 2/3 of the respondents face requirements
brought in by standards, and more than half of these consider the combination of standard-driven and agile
development challenging.

Beyond the standards, we also asked the participants to report further motivating drivers. In total, 56 partic-
ipants provided information, which we coded and categorized. Table 1 shows the summary of the described
motivations. The top-3 categories concern project/product management and commitment, evolution and
pragmatism, and project operation and improved flexibility. For instance, hybrid approaches are seen as a
route towards more stable yet flexible project teams. By including well-known “classic” approaches, hybrid
approaches help improving management commitment while developers get flexibility by using agile prac-
tices (in line with [12], see also Sect. 3.1). Remarkably, evolution and pragmatism was mentioned in 18
statements. That is, the current approach was neither planned nor designed (see above), but evolved from
the different work practices applied, which was commented by one participant as follows: “It is what
works”.

Table 1 Summary of the major motivating drivers for implementing hybrid development approaches. The table
shows the 9 major drivers crafted from 56 stated motivating drivers (89 items in total).

Motivation trigger # Examples

Project/Product Management | 27 | Improve stability of the team, project type, product lifecycle management, in-
and Commitment tegration of high-level Waterfall-like and low-level Agile approaches, lacking
readiness of customers (e.g., contracting, pricing), management does not
buy in, business people are scared of new things

Evolution and Pragmatism 18 | Constant evolution, stepwise company transition towards agile, increasing
amount of software parts in complex systems, requirement of the day-to-day
life — “it came up naturally” and “we do what works”

Project Operation and Im- 15 | Flexibility of teams and resources, select the best-fitting approach, fast prod-

proved Flexibility uct feature evolution, meeting deadlines, better handling volatile require-
ments

Client Constraints 13 | Lacking readiness and understanding of agile, customer satisfaction, client-

domain requirements

Company Constraints 8 Company size, keeping existing business running, company history, com-
pany philosophy

Business Constraints 8 Business context and target domain requirements, e.g., management, stand-
ards, different target domains to be addressed

3.3 Do industry sector and company size matter?

Due to the variety of industry sectors to which software has become key, we were also interested in whether
the use of hybrid approaches differs according to either sector or company size, and whether a general trend
could be identified. An overview of the different industry sectors and company sizes involved in our study
can be found in the box “Demographics”. Table 2 shows a breakdown of our data based on (a) company
size and (b) industry sector. The relative distribution of the different approaches is based on the participants’
selection. For example, for the industry sector “Web Applications and Services”, Table 2 reads as follows:
this industry sector was selected by 20 participants, and these 20 participants selected 279 (=100%) different

HELENA: IEEE Software; Author Version Page 5
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development approaches of which 3.9% are classified as traditional method, 17.2% as agile method, 45.2%
as agile practice, and so forth.

Table 2 Overview of the relative use of the different approaches (a) per company size and (b) per industry
sector. For each item, the quantity is given, e.g., the number of companies of a particular size, and the number
of approaches selected per item. Note: while participants had to select exactly one company size, one company
can be engaged in different industry sectors (multiple selection was enabled). The percentages given in this
table always refer to the number of selected approaches for the respective category.

Method Practice
QTY | Traditional Agile Both Traditional Agile Both Other |Approaches Selected

Micro (<10) 12 6,6% 15,4% 13,2% 55% 33,0% 25,3% 1,1% 91
Small (11-50) 14 3.2% 16,7% 7,7% 0,6% 47,4% 24,4% 156
Medium (51-250) 12 4,9% 16,2% 9,2% 1,4% 40,8% 26,8% 0,7% 142
Large (>250) 14 4,3% 16,0% 7,4% 3.7% 40,5% 27,6% 0,6% 163
Very Large (>2500) 17 8,5% 15,8% 7,9% 5,1% 38,4% 24,3% 177
Average 5,5% 16,0% 9,1% 3,3% 40,0% 25,7% 0,8%

Deviation 1,6% 0,3% 1,7% 1,8% 3,5% 1,2% 0,2%

Web Applications and Services 20 3,9% 17,2% 7,2% 3,2% 45,2% 23,3% 279
Medical Devices and Health Care 17 7,1% 16,8% 9,2% 4,3% 38,0% 23,9% 0,5% 184
Public Sector/Public Contracting 16 2,6% 16,2% 8,8% 3,9% 44,3% 24,1% 228
Financial Services (e.g., Banking, Insurance, Trading)| 15 4,2% 16,8% 7,9% 4,2% 42,1% 24,7% 190
Cloud Applications and Services 14 4,5% 21,1% 8,0% 3,0% 41,2% 22,1% 199
Other Information Systems (e.g., ERP, SAP, etc.) 14 5,7% 19,4% 8,6% 4,6% 39,4% 21,7% 0,6% 175
Telecommunication 13 6,0% 20,5% 8,6% 4,6% 37,7% 22,5% 151
Other 13 7,4% 15,7% 10,2% 0,9% 37,0% 28,7% 108
Automotive Software and Systems 11 4,4% 17,5% 8,0% 4,4% 40,1% 25,5% 137
Logistics and Transportation 9 7,4% 14,8% 8,2% 3,3% 44,3% 22,1% 122
Mobile Applications 7 2,3% 17,4% 6,8% 2,3% 48,5% 22,7% 132
Other Embedded Systems and Services 6 5,4% 18,3% 7,5% 7,5% 36.6% 23,7% 1,1% 93
Defense Systems 5 6,0% 19,4% 9,0% 4,5% 41,8% 19,4% 67
Aviation 2 5,3% 5,3% 15,8% 36,8% 36,8% 19
Home Automation 2 3.8% 19,2% 11,5% 3.8% 42,3% 19,2% 26
Games 1 15,0% 10,0% 50,0% 25,0% 20
Robotics 1 4,3% 17,4% 8,7% 4,3% 43,5% 21,7% 23
Space Systems 1 8,3% 16,7% 8,3% 8,3% 37,5% 20,8% 24
Average 5,2% 16,9% 9,0% 4.2% 41,5% 23,8% 0,7%

Deviation 1,6% 3,3% 2,0% 1,7% 3.9% 3.8% 0,2%

Based on the data from Table 2, Figure 3 visualizes the averaged data. The figure shows clearly that neither
company size nor industry sector make a difference. Figure 3 shows that traditional and agile approaches
are combined with each other regardless of company size and industry sector. Moreover, the shares of the
different approaches are comparable (for numbers and deviations, see Table 2).

Company Size | 5,5% 16,0% 9,1% 83% 40,0% 25,7% 0,8%
Industry Sector [5,2% 16,9% 9,0% 4,2% 41,5% 23,8% 0,7%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Method: Traditional Method:Agile Method:Both Practice:Traditional Practice:Agile Practice:Both Other

Figure 3 Overview of the process use categorized following the approach classification (a) per company size
and (b) per industry sector.

4 Conclusion

Traditional software development processes, complemented by norms, standards, and rules, should support
development and product quality. However, these have a negative connotation since they limit flexibility to
allow for plannability, predictability, compliance, or simpler pricing/contracting models. Compared to agile
methods, these approaches are considered heavy-weight and inflexible, to the point that companies are
forced to look for alternatives to increase agility [8]. Hybrid development approaches represent a solution
that, regardless of company type and industry sector, enables companies to benefit from both worlds by
providing clients and management a safe environment and developers with the demanded flexibility. Our
study shows that hybrid development approaches emerge gradually: a majority of 83.9% states that the
development approach emerges from experience. Moreover, even though 52.2% of the participants state
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that the company defines a standard approach, more than a quarter states that development approaches are
selected more individually and are adapted during projects in response to given situations.

Our report presents the first step into a deeper investigation on the use of hybrid development approaches.
Yet, more research is necessary to improve the understanding of the benefits of these approaches. HELENA
will continue, and we cordially invite practitioners to participate in future stages of HELENA by sharing
their experience.
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Boxes

Hybrid Software Development Approach: A Definition
We use the following definition of hybrid software development approaches:

A hybrid software development approach is any combination of agile and/or traditional (plan-driven or
rich) approaches that an organizational unit adopts and customizes to its own context needs (e.g., applica-
tion domain, culture, processes, project, organizational structure, techniques, technologies, etc.).

Related Studies

Recently Vijayasarathy and Butler [3] investigated the question of whether organizational, project and team
characteristics influence the choice of development methods. They found a huge variety of development
methods applied and strong associations between the characteristics and development approaches used.
Compared to older studies, such as [4], [5], they found an increased use of agile methodologies. However,
even in 2003, Jones [6] found a substantial diversity in development methods. In another survey from Tur-
key with 202 participants, Garousi et al. [2] found Waterfall (53%), agile/lean (45%), and incremental mod-
els (38%) the most frequently used. Similar results were found in the studies conducted in Germany [7]. We
argue that hybrid approaches emerge naturally due to the challenges coming along with a migration to agile
as listed in [8] and [14].

Demographics

The HELENA survey comprised 25 questions', and received 69 responses from 16 countries of which five
countries had at least five data points: Germany (n=21), Austria (n=10), Turkey (n=9), Ireland (n=6), and
Denmark (n=5). Figure 4 shows the roles the respondents have, of which 28% are project or team managers
and represent the largest group. Another 20% was identified as product managers/owners and quality man-
agers (10% each). The more technical roles comprise architects and testers (12% each) and developers (9%).
Another 9% was categorized as “others”, which includes safety managers, compliance managers, and C-
level managers. Hence, the profiles cover the whole software and system development lifecycle.

0% 5% 10% 15% 20% 25% 30%

Project/Team Manager ] 28%

Architect " 112%
Tester T 112%
Product Manager/Owner ] 10%
Quality Manager ] 10%
Developer 1 9%
Other T 1 9%
Analyst/Requirements Engineer 1 4%
Trainer/Coach 1 4%

Scrum Master 3%

Figure 4 Overview of the roles respondents hold.

The respondents’ companies cover all sizes and a variety of industry sectors: 17.4% micro-sized (less than
10 employees), 20.3% small (11-50 employees), 17.4% medium-sized (51-250 employees), 20.3% large
(more than 250 employees), and 24.6% very large (more than 2,500 employees). Figure 5 gives an overview
of the participants’ industry sectors.
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0% 5% 10% 15% 20% 25% 30%

Web Applications and Services | 29%

Medical Devices and Health Care | 25%

Public Sector/Public Contracting | 23%

Financial Services (e.g., Banking, Insurance, Trading) | 22%

Cloud Applications and Services | 20%

Other Information Systems (e.g., ERP, SAP, etc.) | 20%

Telecommunication | 19%

Other | 19%

Automotive Software and Systems | 16%

Logistics and Transportation ] 13%

Mobile Applications | 10%
Other Embedded Systems and Services | 9%
DefenseSystems ____ ] 7%
Aviaton | 3%
Home Automation —___ ] 3%
Games :l 1%

Robotics 1%

Space Systems 1%

Figure 5 Overview of the industry sectors covered by the respondents (the questionnaire allowed for multiple
selections).

The data shows that companies, even small and medium-sized ones, are active in several industry sectors.
Finally, our data shows that approx. 2/3 of the companies use distributed/virtual teams in software/system
development of which 26.1% work in a globally distributed way, 20.3% use regionally and 18.8% use na-
tionally distributed teams. The remaining 34.8% stated to not implement distributed development.
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