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Abstract. To stay competitive, software development companies need to
constantly evolve their software development practices. Companies that
succeed in shortening customer feedback loops, minimizing the time between
customer proof points and learn from customer usage data will be able to
accelerate innovation and improve the accuracy of their development
investments. While contemporary research reports on a number of well-
established techniques for actively involving customers before and during
development, there is less evidence on how to successfully use post-deployment
customer data as input to the development process. As a result, companies
invest significantly in development efforts without having an accurate way of
continuously validating whether the functionality they develop is of direct value
to customers once the product is taken into use. In this paper, we explore
techniques for involving customers and for collecting customer data in pre-
development, during development and in the post-deployment phase of
software development. We do so by studying three software development
companies involved in large-scale development of embedded software. We
present an inventory of the techniques they use for collecting customer
feedback and we outline the key opportunities for more effective development
and evolution based on post-deployment data collection.

Keywords: Agile development, customer involvement, customer feedback,
post-deployment data collection.

1 Introduction

Market uncertainties, competitive pressures, and the constant need for shortened
development cycles call for software development practices that are flexible,
responsive and adaptive to customers [1, 2]. To respond to this, many software
development companies have, since a decade or more, adopted agile practices.
In advocating customer involvement and the importance of test-driven development
practices [3], agile practices have attracted not only small software development
companies, but also companies involved in large-scale development of embedded
products.
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However, while many companies have succeeded in applying agile practices and,
as a result, leveraged the benefits of customer involvement and continuous validation
of functionality before and during development, there are few examples of companies
that have succeeded in establishing techniques for continuously collecting customer
data and validating software functionality also after commercial deployment of the
product. The one exception is the Web 2.0 and the software-as-a-service (SaaS)
domain where companies like Microsoft [4], Intuit [S] and others, continuously
collect customer and product usage data for continuous improvement of the existing
product, and as a basis for new product development. Outside of this domain, there is
little evidence that software companies have established techniques for collecting and
capitalizing on data that is generated after commercial deployment of the product. As
a result, companies invest significantly in development efforts without having an
accurate way of continuously validating whether the functionality they develop is of
direct value to their customers.

In this paper, we present a multiple case study on three companies developing
software-intensive embedded systems. While in different domains, all companies
aim at continuous collection and analysis of post-deployment data in order to advance
their understanding of their customers and how their products are used. The
contribution of the paper is twofold. First, it presents an inventory of techniques used
for customer involvement and customer feedback collection before, during and after
product development. Second, it presents the key opportunities for more effective
product development and evolution by collecting customer data in the post-
deployment phase of software development.

2 Background

2.1  Agile Software Development

During the last decade agile development methods have dramatically changed the way
software development is performed. Agile methods are characterized by short
development cycles, close customer collaboration, rapid feedback loops, and
continuous evaluation of functionality through test-driven development practices
[3, 6]. In comparison to plan-driven development methods, agile methods operate on
the principle of “just enough method” and seek to avoid cumbersome and time-
consuming processes that add little value to the customer. Although agile methods
differ in details and techniques, overall principles such as ‘flexibility’, ‘working code’
and ‘customer involvement’ lie at the heart of all of them. With practices such as
daily stand-up meetings, joint planning sessions and project retrospectives, agile
methods offer a range of techniques for facilitating collaboration and customer
involvement. Lately, test-driven development has become a core agile practice for
facilitating continuous validation of functionality. While the agile principles were
initially developed for smaller software development organizations, evidence show
that large software-intensive organizations operating in complex global development
environments are in the process of deploying agile methods as part of their de-facto
approach to software development.
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However, while agile practices are conducive to close customer collaboration and
continuous validation of functionality in the early phases of development [7, 8], there
is less evidence on companies that have succeeded in establishing techniques for
continuously collecting customer data and validating software functionality also after
commercial deployment of the product.

2.2 Customer Involvement

To involve customers in the development process is not a new phenomenon and it is
well elaborated upon in user-centered development approaches such as participatory
design [10], cooperative design [11], joint-application design [12] and other similar
approaches. In these approaches, customers are actively involved in the initial
exploration and problem definition phase, as well as during development to help
evaluate proposed solutions and different design alternatives. For pre-development
involvement, techniques such as use cases, scenarios, prototyping, stakeholder
interviews, joint requirements sessions, joint application design sessions etc. are
common. Likewise, techniques such as alpha- and beta testing, observation, expert
reviews, prototyping, measuring and different types of use cases and scenarios are
efficiently used during development in order to continuously validate that the
functionality that is developed is of value to the customers. As can be seen in research
on agile methods [3, 13, 14, 15], as well as prominent research on requirements
engineering [16, 17], techniques such as user surveys, user scenarios, customer
archetypes and similar representations are used to capture generic customer needs for
mass-market products [17]. Likewise, large-scale agile development often uses
product management as a proxy for communicating customer feedback to the
development organization before and during development of the product [19].

With regard to post-deployment techniques for customer involvement, the concept
of ‘lead users’ is often used to reflect close collaboration with innovative customers in
order to use their feedback for improvement and innovation strategies [20]. As
recognized in this research, close collaboration with pro-active customers can result in
new functionality as well as new product ideas. Similarly, the ‘software ecosystem’
approach is referred to as a way for companies to build a community of developers
and involve customers to contribute to the improvement activities that take place after
product deployment [21]. More recently, the concept of ‘Innovation Experiment
Systems (IES), and technologies such as Web 2.0, social network systems and
Software-as-a-Service (SaaS), or ‘on-demand’ software, have provided companies
with new opportunities to observe and measure system use [4, 5], as well as to run
frequent experiments with customers to identify what functionality they value. As
reported in relation to these technologies, techniques such as A/B testing (or ‘split
testing’), customer surveys run by using software tools, analysis of bug reports and
product performance data are the most common techniques for continuous collection
of post-deployment customer and product data.

In Table 1, we summarize different techniques for involving customers and
collecting customer feedback as reported in previous research. As can be seen in the
table, there are primarily techniques for this in the early phases of development.
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However, techniques for collecting customer feedback after commercial deployment
are scarce. While illustrative examples can be found in the Web 2.0 and Software-as-
a-Service (SaaS) domain, where sophisticated mechanisms for post-deployment data
collection exist, these are not easily applicable for companies involved in large-scale,
often embedded, software development.

Table 1. Techniques for customer involvement and customer feedback collection as reported in
previous research

Development phase: Development activity: Customer involvement
/feedback collection
technique(s):

Pre-development Exploration and problem Use cases

definition Use scenarios
Requirements engineering Prototyping

Stakeholder interviews
Joint requirements
development sessions
Joint application design
sessions

Customer
representatives/archetypes

During development Evaluation and validation Alpha and beta testing
Use cases

Use scenarios
Measuring
Prototyping

Expert reviews
Stand-up meetings

Post-deployment Evolution and maintenance | Lead users

Improvement and innovation | A/B testing (split testing)
Customer surveys

Bug report analysis
Performance data analysis

3 Research Site and Method

3.1 Research Site

This paper presents on-going research based on a multiple case study conducted at
three software development companies. While the companies differ in domain and
size, they are all in the process of establishing mechanisms for collecting customer
usage data in the post-deployment phase.

Company A is a provider of telecommunication systems and equipment,
communications networks and multimedia solutions for mobile and fixed network
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operators. They offer end-to-end solutions for mobile communication and they
develop telecommunication infrastructure components for a global market. The
company is currently shifting their development practices towards agile development
and the notion of cross-functional teams, Scrum practices and continuous testing is
well established. For the purpose of this study, we met with key stakeholders at two
different company sites:

- Site 1: The first site is involved in the development and maintenance of nodes within
the 3G networks. At this site we met with a group of four people involving the head
of system and architecture, two system managers and a deputy manager.

- Site 2: The second site is involved in the development, supply and support of media
gateways for mobile networks. At this site, we met with a group of six people
involving two department managers, a support manager, a senior specialist, a product
manager and an integration leader.

Company B is a manufacturer and supplier of transport solutions for commercial
use. The development organization involves coordination of a large number of teams
and is largely dependent on supplier organizations. While the majority of the
organization is plan-driven in character, there are parts in which agile practices are
well established and in which Scrum and XP practices are common practice. For the
purpose of this study we met with two attribute leaders, two developers, and one
software expert focusing on change management and process improvement.

Company C is world leading in network video and offers products such as
network cameras, video encoders, video management software and camera
applications for professional IP video surveillance. At the moment, the company is
transforming their development practices to reduce lead-time, shorten feedback cycles
and increase customer feedback in the development process. For the purpose of this
study we met with a group of seven people involving the company CTO, two team
leaders, a test manager and two software architects.

3.2 Research Method

Our paper reports on a multiple case study [22] involving three companies involved in
large-scale development of embedded software products. The main data collection
method used was semi-structured group interviews with open-ended questions [23],
with groups of four to seven people. In total, four group interviews were conducted
with key people from the different companies. All group interviews were conducted
in English and lasted for about two hours. During the interviews, we were two
researchers sharing the responsibility of asking questions and facilitating the group
discussion to make sure that everyone got a chance to give his/her opinion on the
topic. Notes were taken during all interviews and after each interview these notes
were shared among the researchers to allow for a discussion regarding the interview
session, the answers that had been given and the overall impression of the discussion.
As a complement, e-mail correspondence with company representatives was used to
clarify any misunderstandings in the transcription of the data.
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In terms of data analysis, a qualitative grounded theory approach was adopted [24].
A problem that has been identified in relation to qualitative research is that different
individuals may interpret the same data in different ways [25]. This problem was
addressed in two ways. First, the grounded theory method prescribes coding processes
that provide a traceable, documented justification of the process by which conclusions
are reached. Second, we used a ‘venting’ method, i.e. a process whereby
interpretations are discussed with professional colleagues [26]. By sharing notes, and
by discussing the results of each group interview, we could develop an accurate
understanding of the different contexts.

4 Findings

In this section, we present our interview findings. These are summarized in Table 2 in
which we present an inventory of techniques used for customer involvement and
collection of customer feedback before, during and after product development. Also,
we present the key opportunities for more effective product development and
evolution by collecting customer data in the post-deployment phase of software
development. The key opportunities were identified during our study and expressed as
important by our interviewees when reflecting on ways in which post-deployment
data collection can help improve their development practices.

4.1 Pre-development Techniques

Our interviews reveal a range of techniques that are used for involving customers in
pre-development activities. In company A, customer contact is channeled through
customer units that facilitate communication and coordination between development
sites and customers. Twice a year, customer unit workshops are arranged in order for
developers and customers to meet. At these workshops a number of different activities
are arranged with, e.g., product seminars are held, user groups and test groups meet
and lead customers host seminars where specific technology and functionality is
discussed. The purpose of these workshops is knowledge sharing and our
interviewees report on them as very useful. In addition, customer surveys are used on
a regular basis to capture customer experience and satisfaction. At both sites, agile
methods are used as the de facto approach to software development and during recent
years the product owner role has become the norm for representing the customer in
the early phases of development. Together with product management, the product
owner works as a ‘customer proxy’ making sure that customer feedback is reflected in
the prioritization of features.

In company B, customer surveys and questionnaires are the most common
techniques for involving customers before development starts. Also, the opportunity
to meet with customers face-to face is used when possible. In company C,
development is based on traditional requirements engineering techniques influenced
by customer surveys, product seminars etc. The products are sold to a mass-market
and the functionality is prioritized based on generic customer needs.
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4.2  During Development Techniques

In all companies, the development phase is characterized by regular customer
involvement. In company A (site 1), the development organization is organized so
that a number of dedicated teams can work closely with selected customers in order to
meet their specific needs. In this way, fast response and customized solutions can be
achieved although the customer base is large and dispersed. These customer-specific
teams started out as an experiment but have quickly become part of the regular
development organization representing an opportunity to increase responsiveness to
individual customer needs. In all companies, phone- and videoconferences are
common techniques to interact with customers during development. Also, all
companies report on site visits as important for increasing the understanding of the
customer during development. In company B, the development phase is characterized
by constant prototyping, proof of concept and test lab activities. The opportunity to let
customers try the vehicles, i.e. test drive, is used when possible. During such test
drives important data can be collected and there is the opportunity for customers to
communicate directly with the product developers. Safety critical systems as well as
functionality related to user experience are constantly tested with customers to
validate what functionality they need. In company C, customers are involved on a
regular basis by using phone and video conferencing techniques. However, in our
interviews at company C we learnt that even though customer representatives are
common, developers rarely meet or interact with the customers, or end-users, of their
products, and the overall impression was that direct customer feedback was often
difficult to achieve.

4.3  Post-deployment Techniques

Based on our interview findings, we see that post-deployment customer
involvement in terms of collection of customer usage data is scarce. In company A,
both sites report on system operation and performance as types of product data
being continuously collected. Also, bug report data is collected in order to learn
about system behavior and use. Based on this data, statistical analysis and trend
analysis is done and there is the opportunity to learn about current system operation
and future dimensioning needs. However, while performance data, such as upgrade
success and downtime reports, is collected, company A report on difficulties to
use the data. As it seems, customer data is used for trouble-shooting and for
maintaining the current version of the product, but very seldom for improving
functionality or as a base for developing new functionality. Managers at both sites
describe a situation in which data is collected but not used, and they find it difficult
to analyze the data to, for instance, learn about what features that are used and what
features that are “waste”.

In company B, diagnostic data is collected when the vehicle attends service at an
authorized garage. Based on this data, data mining techniques are used to learn about
product use. However, while this data is useful for the next iteration of development,
i.e. for the next version of the product family, it is collected with very long intervals
and is not used for improving the current version of the product or as input to existing
functionality. Also, to integrate and to visualize the data is regarded difficult.
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In company C, there are no established techniques for post-deployment data
collection. While large amounts of data are generated in the systems, these are not
used to systematically improve current versions of the systems.

In Table 2, we summarize the techniques that are used for involving customers and
collect customer feedback in the different phases of development. As can be seen, the
companies have a number of techniques for involving customers in the pre-
development and development phase. However, and as recognized in previous
research, techniques for post-deployment customer data collection are few.

Table 2. Techniques that the case companies use for customer involvement and customer

feedback collection before, during and after product development

Company: Pre-development: During Post-deployment:
Development:

A (site 1) Customer unit Phone conferences Product data
workshops Video conferences collection, e.g. system
Product seminars Customer-specific operation/performance
Surveys teams data
Customer Stand-up meetings Bug report data
representatives Customer site visits | collection

A (site 2) Customer unit Phone conferences Product data
workshops Video conferences collection, e.g. system
User groups Customer site visits | operation/performance
Test groups Stand-up meetings data
Product seminars Bug report data
Lead customer collection
meetings

B Questionnaires Proof of concept Diagnostic data
Interviews Prototyping collection, e.g. trouble
Face-to-face customer | User test labs codes, failure reports
meetings Test driving etc.

C Surveys Phone conferences Product data
Product seminars Video conferences collection, e.g. frames

Customer site visits | per second etc.

4.4  Key Opportunities

While still in the process of establishing techniques for post-deployment data
collection, all companies view this activity as critical for continuous validation of
their development efforts. In our study, we learnt that there are a number of key
opportunities associated with post-deployment data collection. The key opportunities
were identified by our interviewees and expressed as important when reflecting on
ways in which post-deployment data collection can help improve their development
practices. As such, these key opportunities represent the main drivers for more
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effective product development and evolution by collecting customer data in the post-
deployment phase of software development. The key opportunities are:

To increase accuracy of development efforts by continuous validation of what
functionality customers value.

To improve requirements prioritization based on customer data.

To design products that allow for post-deployment data analysis.

To help customers optimize their use of the product.

To increase the ability to anticipate future customer needs.

To increase delivery frequency of functionality.

5 Discussion

The notion of customer involvement, and how to efficiently collect customer
feedback, has been a topic of intensive research for decades. However, while there is
extensive research on customer involvement techniques for pre-development and
development activities [18, 27, 27, 29], research on post-deployment data collection is
scarce. Recently, companies such as Microsoft [4], Intuit [5] and others, have adopted
techniques to collect customer data after product deployment for continuous
improvement of the existing product, as well as for new, innovative product
development. While this is a promising area for research, there are few examples that
go beyond the Web 2.0 and SaaS domain.

In our study, we explore three companies in the process of establishing techniques
for post-deployment data collection. Already, these companies have techniques for
exploration and problem definition activities, for capturing customer requirements,
and for evaluating and validating proposed solutions and different design alternatives.
For example, customer-specific teams are used to increase responsiveness, customer
units are used for facilitating customer-developer interaction, and roles such as the
product owner are applied to enhance customer impact on feature prioritization [30].
For post-deployment activities such as evolution and maintenance, the companies
report on different types of operational data that is being collected. However, even
though the companies have data collection mechanisms in place, they find it difficult
to integrate, communicate and visualize the data so that it becomes accessible for
people in their organization. As a result, post-deployment data is only partially used
and the companies agree that there is an untapped potential in customer and product
data that is collected after product deployment.

While the companies involved in our study show on post-deployment collection of
data, none of them use this data as the basis for improvement of the current product or
for innovation of new functionality. This shortcoming is recognized in previous
research in which concepts such as ‘online experiments’ [4], ‘test-and-learn’ mind-set
[9], and development as ‘innovation experiment systems’ [5] is used to denote
techniques that use post-deployment customer data to increase the effectiveness of
product development efforts. Inspired by these concepts, our interviewees see a
number of opportunities associated with post-deployment data collection. These are
related to the ability to increase the accuracy of development efforts, to optimize use
of the product, and to increase frequent delivery of customer value.
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6 Conclusions

In this paper, we highlight limitations in existent research in terms of post-deployment
data collection, and the untapped resource that post-deployment customer and product
data remains. Based on a multiple case study at three software development
companies, we present an inventory of customer involvement and feedback
techniques for pre-development, development and post-deployment activities. Our
case study findings confirm previous research in that existing examples of post-
deployment data collection techniques are few, and that the data that is collected is
mainly used for troubleshooting activities but very seldom for improvement and
innovation of products. Furthermore, we identify key opportunities for more effective
development and evolution by collecting post-deployment customer data.
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