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Abstract. How does software complexity shape software providers’ offshoring
tasks, and how do such firms organize their offshoring activity? These
questions are important, since the global software development market is
growing rapidly, offering new opportunities for software managers and
entrepreneurs to distribute their activities geographically. Based on a multi-site
case study of 12 software firms, we study connections between software
complexity and the offshoring strategies selected. Our findings suggest that
software firms select a variety of organizational structures for their offshoring
activity, and that the selection is shaped by the complexity of the software in
question.
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1 Introduction

Global software markets are growing rapidly [1, 2], highlighting the growing
strategic importance of the software industry in the global economy. At the same time
the development and distribution of software has become a global activity, and
customers and software suppliers are often located in entirely different geographical
locations [3, 4]. For the most part, the geographical distribution of the software poses
no great problems, as the software can be delivered to customers at low cost and high
speed over the Internet [5, 6]. In contrast, multiple challenges can arise from
identifying requirements that are sensitive to the local context, developing software
across multiple geographical sites, or providing services to maintain and run the
software globally. These challenges are often related to the fact that software
complexity' [7, 8] increases as the expansion of global operations grows [9].

When software firms specify requirements for multiple foreign customers, they
must usually customize the software according to the customers’ preferences and
local needs, and integrate it with the customers’ existing complex IT infrastructure; in
accordance with this, the complexity of the software increases [8, 9, 10]. The

!'In line with Jarke and Lyytinen [8] we refer here to external software complexity.



phenomenon overall is linked to the growing heterogeneity of the client base as the
global reach expands [11]. This increases variance in requirements, gives rise to new
dependencies between technology components, and generates unexpected interactions
in software solutions [8, 12]. Within these interdependencies, the software complexity
can vary considerably, depending on the nature and context of the software use, and
the software development strategy selected. When a firm seeks to develop software
for “mass-markets” it will deliberately seek to keep the complexity lower and to
exercise strict control over variance in local adaptations and services, so that the
software can suit a maximally wide (and preferably homogenous) customer segment
[13, 14, 15]. In contrast, some software firms seek to develop “tailored” software
solutions [14, 15, 16] which cater for customers' specific local requirements. This
increases the complexity of the software underlying the delivered service [7, 8].

As firms develop software and related services for a growing body of foreign
customers the firm’s operations expand internationally [3, 11]. The international
operations can be carried out using a variety of offshoring strategies, whereby the
firm relocates its activities on a global scale [17, 18]. For instance, a firm may
offshore-outsource its development activities to third-parties in a foreign country, or
alternatively it may offshore-insource development tasks to its own foreign units [19,
20,21,22].

The existing offshoring literature has focused on a number of questions, in
particular (i) why software organizations offshore their operations, (ii) what activities
they should offshore and where, (iii) what related rationale they follow, including the
structure of the decision-making process, and (iv) how the organization implements,
monitors, and manages offshored activities [3, 17]. There has been less research on
how software complexity, plus related operations, aligns with firms’ management of
offshoring operations. Hence, the aim of the research is to indicate how software
complexity [8, 23] shapes the organization of software offshoring. We specifically
wished to examine how offshoring firms choose alternative organizational structures
as a way to manage the complexity caused by software complexity [24].

2 Literature Review

2.1 Offshoring

Two different terms, namely offshoring and outsourcing have been applied to
describe how firms move their tasks and processes to other organizations. Because the
usage of the terminology is sometimes vague, these terms are defined in this study as
follows: Offshoring refers to moving certain activities to another country, either to a
firm’s own foreign unit or to a third-party located abroad. By contrast, outsourcing
refers to moving some of the firm’s activities to another organization, located either in
the same country or in a foreign country (see e.g. [25]). In practice, offshoring can be
implemented using two different options. The first option is to offshore-outsource
some of the firm’s activities to third parties, e.g. to foreign distributors. The use of



foreign distributors offers a low-cost access to local knowledge in a foreign country
[26]. For instance, software firms can utilize distributors’ knowledge of different
activities (e.g. localization, customization, technical support, etc.) to better serve their
foreign customers [6, 19]. Another option is offshore-insourcing, in other words, the
establishment of one’s own subsidiary in a foreign country; this will operate as a
remote service site for the parent firm [19, 20, 21, 22]. By using a foreign subsidiary,
a software firm can use its own personnel to deal with customers and local
distributors. In many cases, this requires the recruitment of personnel with relevant
knowledge of the target industry and customers in the target country (e.g. [27]). This
approach requires more resources and includes higher financial risk, but it also
increases market control and lowers transaction-related risks [28]. A firm might apply
one of these options solely, or else they can be used in parallel, depending on the
software developed (cf. [19]).

The main idea behind offshoring is that a firm should focus on its core
competences, and that it should offshore activities that are not related to its core
business [20]. Offshoring has traditionally been seen as an activity in which an
organization moves parts of its manufacturing or other activities to a low-cost country
(e.g. [25, 29]. In the software industry, offshoring has usually been applied to
software coding, in which the coding process is moved to a country such as India,
which has substantially lower labor costs [19, 30, 31, 32]. However, offshoring is
increasingly seen as a strategy to attain qualified personnel [17], technical expertise
[5], and worthwhile innovations [33]. For instance, there might be a lack of expertise
to develop software for customers’ specific needs in a target country [16]. By
offshoring software development activities to another country, a firm can get an
access to local knowledge and special skills [5, 17, 29, 31]. This can help the firm to
develop software that meets the requirements of the local market [11, 19]. Offshoring
can also be a decision involving the language and the business culture, in that the
offshoring partner’s language and its local business culture skills are needed in order
to deal with e.g. sales, support, and localization activities (cf. [20, 34]). Altogether,
offshoring may help firms to create global markets by increasing the talent pool and
innovation capability of the firm [20].

2.2 Software Complexity

In the software industry, the characteristics of software can vary greatly, from highly
complex software to software with low complexity [23, 35]. The complexity can
involve internal complexity, referring to the type and number of dependencies within
the software code, which is largely a function of the size of the code base [23, 35].
Alternatively, it can involve external complexity [8], which relates to the
dependencies of the software with its development and use environments, covering
for example the scope and rate of change in customers’ requirements [8, 10], or
changes in the market environment [7, 9]. In the context of this study, we are
interested in external complexity of software and how it shapes offshoring strategies.
If software is “tailored” or “customized” according the prior requirements set by
the customers [15, 16], the software complexity increases [8, 23, 35]. This is mainly
due to increases in the diversity and dependencies of the software, which in turn



increase the number of versions and functionalities that need to be developed and
managed [8, 23]. When a firm develops highly complex software for foreign
customers, there may be a growing need to offshore some of the development
activities to countries where the customers are located. The development of complex
software thus requires close cooperation with customers [13], and this means that
knowledge of customers’ idiosyncrasies and specific software requirements becomes
an important asset [14, 36]. By offshoring labor-intensive development tasks [10] to
nearby customers, a firm can get a better understanding of a foreign customer’s
preferences.

Conversely, software can also be developed according to the aim of keeping the
software complexity low. This kind of software involves “packaged” [14] or “mass-
market” [15, 16] software which is generally developed for a wide market segment
[35]. This is achieved by designing software on a broad basis, using general
knowledge of customers’ behavior and needs [37]. General requirements can
thereafter be merged and grouped, while at the same time seeking to remove or
minimize any context-specific elements [13, 14, 37]. In addition, one will seek to
have fewer different versions of the software, and attempt to include the same
functionalities of the software in each version [23, 35]. This kind of software is easier
to install; it can be downloaded from the Internet, or it can be used as a cloud service.

In practice, it can be challenging to formulate a strict division of software firms
into high-complexity software developers on the one hand, and low-complexity
developers on the other. For this reason, we see it as more fruitful to approach
software firms as operating on a continuum, with high-complexity and low-
complexity software representing opposite ends. Hoch et al. [16] call firms operating
on the middle of this continuum as “enterprise solution firms.” Compared to software
firms developing highly complex software, such firms use a more standard modular
structure in their software. The modular structure makes it possible to reuse and
recombine components of the software, thereby decreasing design complexity [23,
36]. The modular structure also makes it easier to customize and localize other
components according to different customer requirements [16, 36].

3  Research Methodology

The aim of the study was to identify how software complexity shapes the organization
of software offshoring, and consequently the management of organizational
complexity. To gain an in-depth understanding of the phenomenon, we applied an
exploratory case study method [38]. This method was chosen because it is capable of
encompassing empirically rich and detailed data relating to a complex and
understudied phenomenon [38, 39, 40].

3.1 Data Sampling

The case firms were selected by using purposeful, theoretical sampling, as
recommended by Eisenhardt [41]. We thus deemed it important that the case selection



should fit the research aim of understanding the relationship between software
complexity and the offshoring strategy. The firms selected complied with the
following criteria: (i) the firms had international operations; (ii) the firms provided
software and related services (i.e. they were not pure service providers, as would be
the case for software consulting firms); and (iii) the firms in the sample differed in the
nature of their software and related service offerings; hence the sample covered a
range of firms, from low-complexity to high-complexity software firms.

The firms were divided into three groups according to the complexity of the
software they developed. The first group, the developers of low-complexity software,
developed software aimed at mass-markets without any need for tailoring or
customization. In addition, the software could be installed by the customer on a self-
service basis. The second group, the developers of medium-complexity software,
developed software that was broadly aimed at business users. The software had a
modular software structure, and the modules were customized and/or localized in line
with customer requirements. The third group, the developers of high-complexity
software, developed software that was tailored according to the individual customer’s
requirements; thus, it called for close liaison with the customer during the requirement
analysis and the installation phases. Table 1 provides detailed information on each
case firm.

Table 1. Overview of the case firms

Firm Year of Description of | Target industry Software Number
establishme software complexity of
nt interviews
Firm A 1988 Data-security Consumers and | Low-complexity 2
software diverse software
industries
Firm B 2000 Cloud gaming | Network Low-complexity 16
software operators and software
consumers
Firm C 1998 Mobile Mobile Low-complexity 3
gaming operators and software
software consumers
Firm D 1995 Firewall Diverse Low-complexity 3
software industries software
Firm E 1990 Data-in-transit | Diverse Medium- 3
security industries complexity
software software
Firm F 1966 3D modeling Building and Medium- 5
software construction complexity
industry software
Firm G 1991 Network Mobile phone Medium- 4
analysis manufacturers complexity
software and network software
operators
Firm H 2006 3D modeling Furniture Medium- 10
software industry complexity
software




Firm I 2008 Identity and Diverse High-complexity 5
access industries software
management
software

Firm J 1998 Virtual design | Mobile phone High-complexity 3
and modeling | manufacturers, software
software mobile

operators

Firm K 2006 Risk Financial sector | High-complexity 7
management software
software

Firm L 1992 Video codec Mobile phone High-complexity 10
software manufacturers software

3.2 Data Collection

The data for this study were collected within three different projects conducted
between 2004 and 2015. The final round of the interviews was conducted in 2014 and
2015, to ensure the continued applicability of the data obtained in previous years. This
final round of interviews was undertaken with all the case companies, as a means of
checking the comparability of cases. Although the data were collected over a 10-year
period, there were only very slight changes in the firms’ software offering.
Altogether, 71 semi-structured interviews were conducted for this study, with each
interview lasting 30-90 minutes. The first author of this study conducted all the
interviews. Most of the interviews were conducted face-to-face. Nevertheless, eight
telephone interviews and one Skype interview were undertaken because of difficulties
in finding a suitable time for a face-to-face interview. Interviews with the CEO or the
manager responsible for foreign operations were the main source of information.
However, to avoid bias from individual opinions [42, 43, 44], other employees with a
variety of positions in the case firms were also interviewed.

All the interviews were recorded and transcribed verbatim, using a word
processing program. Thereafter, the complete transcripts were sent back to the
interviewees for review. To avoid retrospective bias [43, 45], several different types
of secondary data were collected and used to validate the interview data whenever
possible. The secondary data included press releases, advertising material, annual
reports, industrial reports, and news articles. The interview data were compared with
early records. If there were inconsistencies, these were discussed with the persons
interviewed.

3.3 Data Analysis

The analysis was conducted in line with the recommendations of Miles and
Huberman [46], and it consisted of three parallel activities: (i) data reduction, (ii) data
display, and (iii) conclusion-drawing/verification. In the data reduction phase, the




complete transcripts from all the interviews were simplified and summarized by
compiling a detailed document covering the history of each case firm. In addition,
information from other sources (secondary data) was added to the written case
documents. Thereafter, the case firms were categorized into three different groups
according to the complexity of their software. The general procedure followed the
guidelines of Pettigrew [47], who argued that arranging incoherent aspects in
chronological order is essential in understanding the causal links between different
events.

In the data display phase, the most important data drawn from the categories were
arranged in tables. These tables included quotes from the interview data illustrating
the important events in the case firms’ international operations. The most relevant
quotes from the interviews are included later in this paper (see the Findings section).
The tables facilitated comparison of the cases, making it possible to detect similarities
and differences between the case firms’ international behavior and offshoring
strategies.

The phase of conclusion drawing and verification concentrated on identifying the
aspects that appeared to have significance for this study. In this phase, the regularities,
patterns, explanations, and causalities related to the phenomena were noted. From
these, it was possible to develop the constructs and theoretical logic behind the use of
different offshoring strategies.

4 Findings

In all cases, the firms kept their core competences (i.e. specific skills and techniques
related to core software development) in-house. However, the case analysis indicates
that the firms’ offshoring focused on four different sets of activities, which were
affected by software complexity. These activities were: (i) localization, which was
needed in order to make the software appropriate to the target market, (ii)
customization according to customer-specific needs, (iii) integration of the software
within the customer’s IT environment, and (iv) product support. All these activities®
further influenced the ways in which the firms organized their international
operations. The following subsections provide detailed descriptions of how these
activities were organized by the case firms. Here is should be noted once again that
the categorization in the table does not represent three totally separate groups; rather,
these firms represent points on a continuum, with Firm A having the least complex
software and Firm L the most complex software.

4.1 The Offshoring Strategies of Developers of Low-Complexity Software

The developers of low-complexity software (firms A, B, C, and D) conducted their
software development in their headquarters. Because their software was aimed at a

2 Activities (i)—-(ii) were related to software development for foreign customers, whereas
activities (iii)—(iv) were supporting services.



wide customer segment, the needs for localization or customization were low. In fact,
the decrease in the need for offshoring was substantial, since no localization work was
required except in relation to language. In the software provided by firms A and B,
language support for various (widely-used) languages was already included in the
software within the development process; by contrast, firms C and D localized the
language separately for each target country if it was deemed necessary. Firm C
conducted its localization activities at headquarters, whereas Firm D offshore-
outsourced and/or insourced localization to foreign distributors or subsidiaries. The
software that these firms provided was easy to install, and it integrated automatically
with a customer's existing IT environment, with no need for external support. Thus,
customers were able to handle these activities by themselves. The Sales Manager of
Firm A explained this as follows:

“Technically the software is very standard. It includes language support, which is
important, especially for consumer markets. The language support is included in all
versions of the software...customers can install the software by themselves and all the
version updates are delivered automatically.”

The only activity that all the providers of low-complexity software offshored was
customer support. Because the software was easy to learn and to understand, requiring
no specific knowledge of software development, the distributors were able to handle
customer support. Consequently, these firms developing the least complex software
organized their global service and support activities so that the distributors took care
of customer relationships and support activities, while the subsidiaries had control
over the distributors. Thus, the task of the subsidiaries was to supervise the
distributors, to give training related to new products and features, and to support
existing distributors if they had problems with the software. In some extreme cases,
the subsidiaries gave support to end-users, if the problem was something that the
distributors were not able to solve.

4.2 The Offshoring Strategies of Developers of Medium-complexity Software

The firms developing medium-complexity software had a somewhat different
strategy. Headquarters had the main responsibility for software development, but a
substantial proportion of the development and support activities were offshored to
foreign distributors and subsidiaries. The software development tasks that were
offshored were mainly related to localization and/or customization work for
customers in the target countries. This required local knowledge, since the
localization included (in addition to the language) aspects such as the inclusion of
local standards, regulations, and measurement units for the software. In addition,
firms G and H customized software according to the customer’s specific needs. The
customization was done jointly between a foreign distributor or subsidiary and
headquarters. The Executive Vice President of Firm G explained the customization
needs of their network analysis software as follows:



“The customization that we do for the customers is related to their [network]
controlling system; each customer has slightly different kinds of systems, protocols,
and ways to stimulate networks.”

The customers of firms E, F, and G were in fact able to integrate the software,
since on the whole they were familiar with the technology and the software. However,
Firm H did provide integration services for its customers; this was because the
software was targeted at furniture manufacturers and furniture chains, where users
were not so familiar with new technologies.

All the providers of medium-complexity software organized their global service
and support activities so that the distributors supported their own customers, while the
subsidiaries gave support to their direct customers. In more demanding cases, when
the distributors or subsidiaries were not able to support their customers, the
responsibility for product support moved to headquarters. Contrary to the situation
among providers of low-complexity software, there was no foreign subsidiary
supervising or controlling the distributor, since the distributors were directly
responsible to headquarters for their activities. The Executive Vice President of Firm
F explained this as follows:

“Each subsidiary and distributor has exactly the same tasks. Even if our R&D is in
Finland, each foreign unit takes care of localization for its customers. They all have
an employee who works as a product manager, so we have local product management
in each target country. However, we use subsidiaries in the main markets, and
distributors in smaller market areas.”

4.3 The Offshoring Strategies of Developers of High-complexity Software

The providers of high-complexity software (firms I, J, K, and L) used a strategy by
which headquarters had the main responsibility for software development. This was
mainly because the complexity of the software made offshore-outsourcing and
insourcing more difficult. Even if these firms used distributors and/or subsidiaries for
marketing and sales, the high complexity of the software decreased the possibilities
for offshore development or for other support activities.

All the providers of high-complexity software localized and customized their
software for customers. The localization work was truly customer-centric. It included
localization of different kinds of reports, user interfaces, and so on, in contrast to
other types of software providers, who mainly localized language, or who made some
industry-specific changes to the software. In the case firms (I, J, K, and L),
localization and customization were conducted at headquarters, since the processes
required knowledge that was available only in R&D units. This kind of knowledge
was related to, for example, the industry platforms in which the software would be
integrated (Firm L), the customers’ R&D processes (Firm J), and the specific function
of the software (firms I and K). The Vice President of Firm K explained this as
follows, commenting in relation to the firm’s finance and risk management software:



“[Related to localization and customization] Even though banking and finance
activities are similar from day to day, each bank is different, and they all have
different kinds of systems, different kinds of processes, and their own requirements
that they want to follow when using our software.”

In all the cases in this group, technical support personnel from headquarters carried
out the integration of the software with the customer’s existing IT environment. This
process was, in many cases, time consuming and required a thorough knowledge of
the customer’s IT environment. Because of the high complexity of the software,
global support activities were organized so that headquarters had the main
responsibility for product support. However, in less complex situations, subsidiaries
or distributors were used to provide first-line support.

5 Discussion

According to our findings, the firms developing the less complex software offshored
only a limited portion of their activities, because the software was easy to understand,
install, and use with no need for localization or customization [11, 14, 16]. These
features decreased the overall complexity of the software [7, 8, 23]. The only activity
they typically offshored was product support. By using this strategy, the firms were
able to focus on their core competence, i.e. product development in a single location.

In the case of firms E, F, G, and H, the software complexity increased as the
customers indicated more requirements for localization and customization [23, 36].
Their demands generated variation in different versions of the software [8], each
targeted for a certain market or customer segment. The increased complexity was
dealt with by offshoring localization and customization activities to foreign
subsidiaries or distributors. These units were better able to manage development tasks
for local customers, as they had the local knowledge needed for the related
development tasks (cf. [11]).

The firms developing the most complex software (I, J, K, and L), tailored their
software for each customer separately. This required in-depth knowledge of the
customers’ business processes and of the system environment in which the software
was integrated [11, 14, 36]. This specialized knowledge was available only at
headquarters, and it was not easily offshored to a foreign unit. Hence, the high
complexity of the software decreased the possibilities to offshore the firms’ activities.
Because of this, offshored activities were limited again to product-related support.

Altogether, the findings indicate that a low level of complexity decreases
offshoring needs, whereas a high level of complexity inhibits offshoring possibilities.
Firms developing medium-level complex software do the most offshoring, since (i)
most of their localization and customization activities require local knowledge from
the target countries, but (ii) the level of complexity of the software is not so high as to
inhibit offshoring. Thus, the connection between software complexity and the need
for offshoring is not linear.

Taken as a whole, the findings indicated that the level of software complexity had
a significant effect on how the software firms organized their foreign operations.
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Figure 1 illustrates three different service and support models emerging from our
analysis demonstrating how software complexity affects the organization of
offshoring activities. The models are abstractions arrived at by analysis of the
interviews. Within the figure, solid arrows represent strong support/control, and
dotted arrows demonstrate weak support/control. In the first model, depicting
providers of less complex software, firm headquarters focuses on product
development, while subsidiaries are used to support and supervise existing
distributors. The distributors take care of product support activities when there is a
need for direct contact with the customers. Hence, direct control and support is
organized vertically. In the second model, which is followed by the providers of
medium-complex software, the subsidiaries and distributors have equal tasks, and
they comprise the main actors in dealing with customers (solid arrows). As discussed
above, these tasks are related to localization/customization, integration, installation,
and customer support. In this model, the firm’s headquarters supports/controls
subsidiaries and distributors (solid arrows); however, headquarters has only indirect
contact with the actual end-users, and provides second-line support for users (dotted
arrow). In the third model, followed by the providers of most complex software,
headquarters takes a substantial role in controlling development and use. It has direct
contact with the customers (solid arrow); in this case, the subsidiaries and distributors
give only indirect support (dotted arrows).

MODEL 1 MODEL 2 MODEL 3
Providers of low-complexity software Providers of medium-complexity Providers of high-complexity software
software
Headquarters Headquarters = = = Headquarters = = _I
I
A I 1
7\ 1
/ \ ¥ v
\
Subsidiary Subsidiary Il \ Distributor Subsidiary Distributor
/ \\ I |
/ \ 1 1
/
12 3 v v
Distributor Customer Customer Customer Customer

l

Customer
Fig. 1. Models for offshoring international service and support activities, based on software
complexity.
6 Conclusions
This study examined software firms’ offshoring strategies and the extent to which
they are influenced by software complexity. Our results contribute to IS literature in

several ways. First of all, the study shows how software complexity [7, 8, 23] shapes
offshoring strategies. Low software complexity decreases offshoring needs, whereas
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high software complexity limits offshoring possibilities. However, the firms that do
the most offshoring tend to be those that develop software which sits between the two
extremes of the continuum. This highlights the fact that the connection between
software complexity and the need for more complex offshoring solutions is not linear.

Secondly, the findings contribute to an understanding of the interplay between
software complexity [8, 23] and software firms’ approaches to managing and
coordinating global software development and distribution activities [3, 6, 48]. We
show that software firms can adjust their international operations according to the
underlying software complexity in their efforts to better serve their foreign customers.
Even though previous literature has shown that variations in software complexity are
related to different approaches in managing requirements [7, 8] or in developing
software [23, 35], less attention has been paid to the connection between software
complexity and the strategies related to the offshoring and organizing foreign
activities after the development phase.
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