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ARTICLE INFO ABSTRACT

Keywords: For better governance, information systems development (ISD) projects are often decomposed ex ante, using
Information interdependencies client requirements, to create self-contained modules. Following such a modular approach allows independent
Modularization

and efficient structuring of ISD project work. However, given the integrated nature of ISD work, maintaining
information flows across the different modules within ISD projects is essential. Through an in-depth examination
of six ISD projects, we discover four types of requirements information interdependencies across ISD project
modules. Next, we identify appropriate control portfolios for governing the different types of inter-modular
requirements information interdependencies. Results indicate that different types of requirements information
interdependencies necessitate governance through varying control portfolios. Our study contributes to the ISD
literature by identifying the nuanced mechanisms through which requirements information interdependencies
could be better governed by applying appropriate control portfolios. Our study also offers significant practical
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implications for ISD project governance.

1. Introduction

Modularization is a technique commonly employed in information
systems development (ISD) projects to make project governance more
efficient by decomposing the project into self-contained modules, which
are relatively less complex and purportedly easier to manage [1].
Though prior ISD research has studied modularization of ISD projects,
the focus has largely been on the modalities for splitting the project into
self-contained modules and governing them independently [2]. Though
modularization is expected to segregate the ISD project into independent
work units, given the integrated nature of ISD work, there may still be
multifarious interdependencies across the seemingly independent
modules [3,4]. Thus, the ability of ISD projects to achieve the expected
outcomes is dependent on how efficiently the various types of
inter-modular interdependencies are governed. Researchers recognize
various types of interdependencies, ranging from organizational [5,6]
and project [7,8] to teams [9,10]. This research focuses solely on the
specified information interdependencies between modules in an ISD
project. To govern these information interdependencies efficiently, it is
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important to understand not only the nature of the various information
interdependencies, but also appropriate governance mechanisms for
managing them. Hence, research that examines the mechanisms through
which the different types of information interdependencies can be better
governed will be of value for both theory and practice.

ISD projects generally unfold in three phases: (1) requirements
elicitation and design phase, (2) development phase, and (3) testing and
implementation phase [11]. During phase 1, the business analysts
identify and classify client requirements with functional similarities to
create requirements modules. The client requirements belonging to each
module are described in a business requirements specification (BRS)
document. Once the business requirements are established, the software
engineers develop modules in phase 2 per the description in the BRSs.
During phase 3, software and quality assurance engineers test the
developed modules. Accordingly, BRSs are a prime source of docu-
mentation for identifying the nature of the requirements information
interdependencies (henceforth referred to as information in-
terdependencies) across different modules in an ISD project.

Managing ISD projects with information interdependencies across
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modules is innately complex [12]. Considering that a team assigned to
one module focuses predominantly on developing the assigned module,
rather than on the integration between related modules, information
interdependencies between modules cause iterative and interdependent
complexities. To better govern such information interdependencies,
project managers need to be cognizant of the different types of infor-
mation interdependencies across modules. This will help in formulating
appropriate control mechanisms for governing ISD projects to achieve
the expected goals [13].

In this research, we aim to examine how ISD projects with different
types of information interdependencies can be governed efficiently.
Specifically, to identify the appropriate governance mechanisms, we
ground our research in control theory [14,15], which has been found to
be a useful theoretical lens for understanding ISD project governance in
different contexts [16-18]. Accordingly, the two questions that we
address in this research are as follows:

RQ1 - What are the different types of information interdependencies
in modularized ISD projects?

RQ2 - How can a control portfolio be developed based on the types of
information interdependencies identified in RQ1, so that the ISD pro-
jects can be governed effectively? Herein, we use the term “Control
portfolio” to denote various configurations of controls, simultaneously
configured and re-configured using the outcome, behavior, clan, and
self-control modes [19].

To answer these questions, we leverage data from six ISD projects
implemented by a large IT firm that specializes in developing capital
market solutions. The data for our study comprise detailed project
governance documentation (e.g., BRS documents, project description
documents, change request documents, and software design docu-
ments), onsite observations, and interviews with project members from
the sampled ISD projects. First, we inductively determine the different
types of information interdependencies, considering the information
flows between modules within each ISD project. Thereafter, we deduc-
tively delineate the corresponding control portfolios employed and the
performance of each of the examined ISD projects.It is important to
identify the project performance, so that we can check which control
portfolio aligns best with a particular type of information
interdependency.

Our research makes three primary contributions: (1) We extend prior
research on modularization [3,20] by better explaining the modulari-
zation conducted during “requirements elicitation phase” in the ISD
project life cycle, (2) we examine the types of information in-
terdependencies per the information flow between modules, which may
be the key to better project governance and output quality, and (3) we
extend prior research on control theory [21,22] and contribute to a
better understanding of how control portfolios can be derived and used
for governing modularized ISD projects with information in-
terdependencies. Though there is a substantial body of work on ISD
project governance in general (see, for example, Wiener, Mahring,
Remus, and Saunders [23], Cecil and Myers [24], and Maruping, Ven-
katesh, and Agarwal [25]), this research focuses on the nuanced view of
how ISD projects are governed based on the types of information in-
terdependencies that are observed through the study. Our research builds
on and contributes to the prior research on ISD project governance, such
as Tiwana [2], which postulates the importance of examining modular
interdependencies.

2. Theoretical background

This section explains the interdependent modules and the role of
control theory in governing information interdependencies between
modules. The first subsection explains the modularization and infor-
mation interdependencies, followed by the second, which explains the
types of information interdependencies. The third explains the use of
control theory in managing the information interdependencies. Finally,
the fourth establishes the research gap and explains the focus of our
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study.
2.1. Modularization and information interdependencies

Holtta-Otto and de Weck [[26], p. 113] define a module as “an in-
dependent chunk that is highly coupled within, but only loosely coupled
to the rest of the system.” Mikkola and Skjgtt-Larsen [[27], p. 354]
define modularization as the process of “decomposing complex tasks”
into “simpler portions” so that they can be “managed independently”
and “yet operate together as a whole,” highlighting the essential attri-
butes of modularization. Therefore, modularization puts a high level of
emphasis on creating modules that are mutually exclusive and inde-
pendent, minimizing information interdependencies. Minimizing the
interdependencies between modules reduces the coordination costs [28,
29]. Thus, many researchers [30,31] highlight the importance of
reducing interdependencies between modules. However, modules in an
ISD context are rarely fully independent. Driven by the necessity of
creating an integrated information system, even if a module (i.e., a
software function) can be developed in isolation, such functions must be
integrated with other parts of the broad system. Therefore, information
interdependencies between modules in an ISD project are inevitable [4].
Such information interdependencies, in the development phase, occur as
"information flows" between modules where, for example, module A
passes information to module B and vice versa (see Fig. 1). As a result of
these information interdependencies, an update in the requirements of
module A at the time of developing the software will result in changes to
module B as well (and vice versa). These recursive information flows
between modules occur continuously in the development phase of ISD
projects. As a result, ISD projects might not be able to meet the expected
project goals within the agreed time frames. Thus, it is important that
project managers consider the nature of information flows between
requirement modules when deciding on control mechanisms for ISD
projects.

With a broader connotation, each module in Fig. 1 can be treated as
an IT artefact. Characteristics of each module in an ISD project are
consistent with the Riemer & Johnston [32] definition, where an IT
artefact is defined as “a bundle of features or properties” ([32], p. 273).
Thus, each module presents similar features, and properties of each
artefact (i.e., module) are described in a detailed document called a
business requirements specification (BRS) document.

2.2. Types and entities of information interdependencies

In considering information interdependencies, one could pair types
with entities of information interdependencies. Previous research [4,5]
discusses various types of interdependencies (e.g., task information in-
terdependencies, goal information interdependencies, development in-
formation interdependencies) and entities of interdependencies (e.g.,
inter-/intra-organizational). The task interdependencies and goal in-
terdependencies originate interactions between ISD team members
assigned to different modules [5]. There are development in-
terdependencies (unplanned interactions occur between software
development tasks belong to different modules) and developer in-
terdependencies (interactions between software developers assigned to
different modules) in ISD projects [4]. In relation to the entities of in-
terdependencies, there is substantial research on inter-/
intra-organizational information interdependencies [5,6]. The conflicts
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Fig. 1. Information interdependencies between modules.
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that might occur due to organizational interdependencies have to be
managed through various governance mechanisms [33,34]. Using ISD
projects as examples, Ganesh and Gupta [35] explained that when there
are task interdependencies between team members, they cooperate with
each other to complete the tasks on time. This research extends the
existing literature [12,36,37] by identifying the information interdepen-
dency types based on the nature of information flows between modules (i.e.,
entities) in ISD projects. We acknowledge that there may be some
inter-relationships between one entity of interdependency (e.g., orga-
nizational with module) and another. Yet, for the focus of this research,
such inter-relationships are ignored and only the inter-modular infor-
mation interdependencies are explored. Further details about the types
of interdependencies are provided in Appendix A.

2.3. Managing information interdependencies using control theory

While modularization reduces complexity, researchers argue that
interdependencies could negatively impact project performance [38].
For example, in ISD projects, the client requirements are modularized,
and ISD team members are assigned to different modules. When there
are many information interdependencies between modules, the team
members in one module must frequently communicate with the team
members of other modules to maintain the integrated nature of infor-
mation systems, which ultimately minimizes the project performance.
On the other hand, when there is a lack of information in-
terdependencies between modules, the team members tend to work
independently, with minimum communication with the team members
allocated to other modules. However, the team members from different
modules must ensure that the developed information systems are well
integrated to execute the functionalities. Thus, it is important to un-
derstand the nature of information interdependencies and develop
control portfolios to govern team members assigned to different modules
to minimize such issues in ISD projects.

Carlshamre, Sandahl, Lindvall, Regnell, and Dag [39] argue that the
focus should be on identifying a few interdependencies that account for
most of the actual intra-project interdependencies and place maximum
effort on managing team members assigned such significant in-
terdependencies. Overall, there is a broader consensus that in-
terdependencies within ISD projects are complex due to the tensions
between autonomy within a module and the integration sought between
the modules, making project management a challenging task. Appendix
B provides a sample of research that consolidates perspectives of in-
terdependencies, modularity, and project governance in the context of
ISD projects.

We employ the foundations of control theory [21,22] to understand
how information interdependencies are governed using a portfolio of
controls so that a project can achieve its stipulated goals or targets [14].
More specifically, our research explores how to develop control port-
folios to govern [40] the team members assigned to different modules, so
that ISD projects can achieve the goal of executing the ISD projects under
stable conditions. Herein, we acknowledge that there are two alternative
theories in relation to governance: coordination theory and control
theory. According to Sabherwal ([41], p. 155), “coordination focuses on
managing interdependencies among multiple individuals or activities
involved in the overall task.” Kirsch ([14], p. 215) defined control as
“encompassing all attempts to ensure individuals in organizations act in
a manner that is consistent with meeting organizational goals and ob-
jectives.” Rather than focusing only on coordination, this paper aims to
explore how to develop control portfolios to govern the information
interdependencies, so that ISD projects can achieve the goal of executing
projects under stable conditions; thus control theory is considered most
appropriate for our study. Given the breadth of research on control
theory applications in deriving governance mechanisms in a wide range
of complex contexts such as e-commerce [42], organizational politics
[43], and enterprise resource planning projects [44], its selection as the
theoretical lens for our work is further justified. Moreover, control

Information & Management 61 (2024) 103962

theory is one of the most prominent theoretical foundations that have
been employed to study ISD projects; see, for example, Cecil and Myers
[24], Keil, Rai, and Liu [45], Maruping et al. [25], Cram and Brohman
[46], and Wiener et al. [23]. Scholars have extended control theory by
introducing concepts such as control styles (e.g., enabling/-
authoritative), control degree (e.g., frequency/intensity), control types
(e.g., social type/procedural), and technology-mediated control (see
examples in [16,24,42,47]). Rather than focusing on extending control
theory, we apply the basic tenets of the theory to explain how to develop
control portfolios to govern ISD projects with inter-modular re-
quirements interdependencies.

Control theory literature outlines four control modes, namely for-
mal-outcome control, formal-behavior control, informal-clan control, and
informal-self-control [23,48,49]. Formal control involves governing
employees through mechanisms such as performance evaluations,
where either the outcomes or behaviors of employees are measured,
evaluated, and rewarded [48]. Formal control mechanisms are further
subdivided into outcome-based and behavior-based control modes,
where outcome-based modes specify the expected outcomes of projects
and behavior-based modes specify expected behavior [50,51]. Common
project governance techniques that firms employ in ISD projects, such as
BRSs, project plans, and regular meetings, fall under the outcome and
behavior control modes [52]. Informal controls such as social and
people-based strategies are also commonly employed in ISD projects
through clan control or self-control. Ouchi [53] describes clan control as
a control mode that promotes common values and beliefs within a clan,
that is, a group of individuals who share a set of common goals. Un-
written clan control mechanisms can promote a sense of unity and a
shared objective [54] in disparate projects. On the other hand,
self-control occurs when the employees of a firm self-manage their ac-
tions [55]. Researchers such as Cram, Brohman, and Gallupe [22] and
Cram, Brohman, and Gallupe [21] argue that a control portfolio must be
developed with an understanding of the specific context in which the
control mechanisms need to be applied. We argue that a better under-
standing of information interdependencies between modules is essential
to develop appropriate control portfolios for governing modularized ISD
projects.

As a result of creating projects with minimal information in-
terdependencies between modules, processes can be standardized and
outcomes can be predicted well [56]. Thus, team members assigned to
projects with minimal information interdependencies across consti-
tuting modules can be governed better by outcome and behavior control
modes [57]. However, information interdependencies between modules
are needed to maintain the integrative nature warranted in contempo-
rary software [58]. Information interdependencies across modules lead
to sharing of resources and work and management practices, which
often results in conflicts and incongruous goals [59]. These conflicts
make it difficult to implement outcome and behavior control modes in
such ISD projects.

When an ISD project has modules with information in-
terdependencies, an update in one module can create updates in the
others [60], increasing the uncertainty in projects [61]. In such projects,
having a clan control mode can perhaps ensure success because team
members can work collaboratively and help each other in unexpected
situations [62]. Teams in projects that have minimal information in-
terdependencies between modules tend to work independently [63] and
have little communication with other teams [64]. Thus, project man-
agers should enforce appropriate control modes to ensure that the tasks
completed by a team assigned to a particular module are aligned with
other teams’ tasks.

Several studies have discussed the choice of control modes as per the
task characteristics [19,65]. For example, Kirsch [[14], p. 216] argues
that “controllers in 1SD settings structure a portfolio of control modes in
order to manage the complexities and subtleties of a task that involves
people with various knowledge and skills across time.” Modularized
projects with minimal information interdependencies could employ the
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“authoritative control style” [23,47,66], where project managers control
team members. Similarly, projects with high level of information in-
terdependencies can be governed better in the “enabling control style”
[23]. However, increased homogeneity of a module does not guarantee
better outcomes in ISD projects. For example, Sosa, Eppinger, and
Rowles [67] argue that minimum interdependencies across modules
lead to boundaries between teams, increasing communication barriers
between them. In these situations, the project managers should select
appropriate control mechanisms to ensure that the developed informa-
tion systems are well integrated to execute the required functionalities.

2.4. Focus of our study

Previous research [2,15] highlights the importance of considering
interdependencies between modules when governing projects. For
example, Tiwana [2] explains how minimizing interdependencies be-
tween outsourced systems and other software applications replaces
control mechanisms. Ouchi and Maguire [15] explain that ISD projects
use outcome controls when there are many task dependencies within
projects. Tiwana [2] and Tiwana [68] explain how to develop control
portfolios considering the level of interdependencies (e.g., high or low).
Extending previous research on control theory and interdependencies
[2,15,68], this research attempts to explain better how to develop
control portfolios based on the types of information interdependencies
discovered through this research. In situations where project managers
have a deeper understanding of the types of information in-
terdependencies, they can establish appropriate control mechanisms to
ensure that a project meets the expected goals.

3. Research methodology, data collection, and data sources

We employed a qualitative research design [69], and the case orga-
nization was selected using the criterion sampling strategy [70]. Per our
sampling strategy, for selecting the research site, we ensured that the
selected case ISD organization must (1) modularize its client re-
quirements, (2) be involved in multiple ISD projects to provide adequate
access to evidence, and (3) be sufficiently large, with clearly visible roles
and responsibilities that enable data collection from multiple employees
at various levels of the hierarchy. Following the application of these
criteria, StockEX was selected as the case organization. StockEX was
established in the year 1996 and currently has over 400 staff members.
StockEX specializes in the development of capital market solutions that
include the functions of multiple trading methods (e.g., auctions,
continuous matching) and multiple asset classes (e.g., equity and fixed
income). The reasonably narrow focus of the company is beneficial for
our research, as it allows extraneous factors to be controlled for. See
Appendix C for a description of the company.

3.1. Data sources

Six (6) ISD projects within StockEX were selected for observation.
The selected projects were homogeneous in terms of the industry sector
(ISD projects), type of software developed (capital market solutions),
and project stage (completed,) but varied in terms of clients (from
different countries), team members (different personnel), and outcomes
(stable/unstable). At the time of data collection, the selected projects
were already completed, which enabled the researchers to determine the
information interdependencies, control portfolios, and project durations
and witness their degree of stability. See Table 1 for a summary of
project descriptions. Note that most of the team members were working
in more than one project. Therefore, some projects involved substantial
numbers of members. During the data collection, team members were
asked to discuss only the selected project.

To assess the information interdependencies of the modules, BRS was
employed as the main data source. For example, all six (6) sampled
projects consisted of many modules. A BRS was written for each and
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Table 1
Summary of project descriptions.

Project
pseudonym

Description of the project

A This project develops a post-stock-trade application, which
provides clearing and settlement for trades after execution.
Functions of the software application include trade processing,
user management, general accounting, and journal entries.
Moreover, the software application consists of complex trade
processing methods that are highly integrated with clearing and
settlement procedures. There are 20 requirements modules in the
project. The client is situated in the Asian region. Team members
of the project include business analysts (3), software engineers
(5), user interface designers (1), system support engineers (1),
quality assurance managers (1), project managers (2), director
business operations—post-trade (1), assistant vice president
software development (1), and line of business manager—post-
trade (1).

B This is a real-time clearing system that manages post-trade
activities. This project, which is enriched with the latest
technology, provides successful solutions for the limitations of
current traditional clearing systems. This project consists of three
major functions: (1) clearing (the process of matching, recording,
and transaction processing); (2) settlement (trade settlement);
and (3) risk management (managing the risks of market
participants). There are approximately 21 requirements modules
in the project. The client company is situated in Europe. Team
members of the project include business analysts (13), software
engineers (18), senior user interface designers (1), systems
support staff (5), quality assurance engineers (4), project
managers (1), director business operations—post-trade (1), line
of business manager (1) and product manager—post-trade
systems (1).

C This project addresses a wide range of business needs including
connectivity and order management. It can handle a variety of
firms’ trading business, covering front office, middle office, and
back office functions. Key characteristics of the software solution
include connectivity hub and post-trade risk management. The
project has around 40 clients all over the world, including clients
from North America and Asia. The project management team
includes business analysts (17), software engineers (29), software
support staff (6), quality assurance engineers (5), application
operator team (3), project management team (6), director
business operations (1), line of business manager (1), product
manager (2), and vice president software development (1).

D This project involves the development of tools to detect irregular
trading behavior in a stock exchange. Key functions of the
software include analysis of real-time/offline transaction data
and providing alerts and case management. This project consists
of several clients including clients from Asian and African
regions. Team members include business analysts (17), software
engineers (24), software support staff (7), quality assurance
engineers (5), project managers (6), director business operations
(1), project director (1), and vice president software development
(2).

E This project includes the development of a post-trade application
to clear and settle executed trades in a stock exchange. There are
several users with different authorization levels. The registry
owner is the main user. The system has different users (e.g.,
brokers and custodian banks). There are approximately 10
requirements modules in the project. The client company is
situated in the Asian region. Team members of the project include
business analysts (5), software engineers (9), systems support
staff (1), quality assurance engineers (3), project managers (2),
director business operations—post-trade (1), line of business
manager—post-trade (1), and assistant vice president software
development (1).

F This project developed a critical application due to client-focused
solutions and integrity of modules. The application can be
adjusted to trade any product in any type of market. It is a reliable
and flexible solution, which meets the client’s specific needs. This
project has multiple clients all over the world, including clients
from Europe. Team members of the project include business
analysts (10), software engineers (22), system support engineers
(4), quality assurance engineers (4), project managers (3),
director business operations (1), and vice president (1).
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every module. BRSs consisted of information about the specific modules,
including software functions, information dependencies, data parame-
ters, and an explanation of key concepts. For example, the trade-
processing BRS of project A explained the procedure of entering trade
information into the system and its relationship to the trade processing,
trade management, contract and bill generation, trade confirmation,
and trade rejection procedures. Each BRS in these projects contained
50-100 pages. The requirements were presented mainly in text format,
including diagrams, account postings, and tables, where necessary. BRSs
were updated multiple times due to reasons such as project scope re-
finements. For example, the trade-processing BRS of project A under-
went eight version changes. Because each BRS is written to explain a
required module, an analysis of BRSs is considered insightful when in-
formation interdependencies across modules are explored. Through the
analysis of BRSs, we were able to gain a good understanding of the in-
formation interdependencies. For example, we were able to understand
how information interdependencies occurred, the nature of information
interdependencies, the severity of information interdependencies, the
sequence of information interdependencies, and so on. We analyzed 43
BRSs, which were linked to project A (14 BRSs), project B (21 BRSs),
project E (8 BRSs), projects C (1), project D (1), and project F (1). A
sample BRS is illustrated in Appendix D. In addition, nine change
request documents were gathered and analyzed from project F, and
seven software design documents were analyzed from project C.
Through the analysis of change request documents, we were able to
understand how the client requirements were updated during the proj-
ect. Change request documents indicated how the information in-
terdependencies between requirements modules were managed when
the client requirements were updated, as well as the challenges of
updating client requirements when there are many information in-
terdependencies between requirement modules. Software design docu-
ments were helpful for understanding how the software designs were
conducted as per the information interdependencies between modules.
Project description documents also included information about the re-
quirements modules. Our approach is consistent with the suggestion of
Grinnell, Gabor, and Unrau [71], who recommend the use of objective
data (e.g., BRSs and project description documents) to reduce data
ambiguity and generate unbiased results.

The type of control portfolio was established predominantly using a
series of semi-structured interviews. Thus, 17 semi-structured in-
terviews, each lasting approximately 30 min, were conducted with
employees from the six ISD projects. See Table 2 for details on partici-
pant information.

To avoid key informant bias [72], interviews were conducted with
multiple informants from each project. The informant mix consisted of
one participant from the consultant team, one participant from the
software engineering team, and one participant from the project man-
agement team. The sampling of the respondents was non-probabilistic
and purposive and employed the snowballing technique [73]. During
the semi-structured interviews, we provided closer attention to the types
of controls employed and project performance. See Appendix E for the
list of guiding interview questions. During the interview, follow-up
questions were used to gain in-depth understanding of information in-
terdependencies and control portfolios. All the interviews were
audio-recorded and transcribed for subsequent data analysis, yielding
approximately 145 pages of single-spaced transcribed documents. While
the interviews were conducted, additional notes were taken to supple-
ment the data obtained through the interviews. The interview data were
supplemented with project governance documents. These documents
were used for data triangulation when information interdependencies
and control portfolios were established [74].

Moreover, approximately 40 h of observation of day-to-day opera-
tions of the ISD teams (for example, how the software engineers interact
with each other, in which situations the software engineers interact with
business analysts, and how the business analysts document BRSs) were
conducted by the first author. The first author observed team members
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Table 2
Participant information.
Project  Participant Designation Years of Years of
ID experience in experience in the
ISD industry company
A 01 Senior Business 4 4
Analyst
02 Project 15 2
Manager
03 Specialist 8 8
Software
Engineer
B 04 Director 11 10
Business
Operations
05 Senior Tech 7 7
Lead
06 Senior Business 4 4
Analyst
C 07 Business 4 3
Analyst
08 Principal 5 4
Software
Engineer
09 Junior Project 4 3
Manager
D 10 Senior Software 8 8
Engineer
11 Junior Project 3 3
Manager
12 Senior Business 3 3
Analyst
E 13 Specialist 8 8
Software
Engineer
14 Consultant 12 10
02 Project 15
Manager
F 15 Project 6 5
Manager
16 Senior Software 3 3
Engineer
17 Senior Business 3 3
Analyst

having casual conversations, projecting related discussions, having
lunch together, and so on. Observations were conducted in each project,
and during the observations, notes were taken on how the team mem-
bers assigned to different modules worked together to complete their
day-to-day tasks. The observed team members included business ana-
lysts, project managers, software engineers, and software quality
assurance engineers. Those observations were helpful in understanding
the context of ISD projects, the information interdependencies, and
control portfolios.

4. Data analysis

Consistent with Yin [75], the ISD project was selected as the unit of
analysis. The dependability, credibility, transferability, and confirm-
ability of the findings were established during the research (see Ap-
pendix F). Data analysis included (1) within-case analysis and (2)
cross-case analysis. The overall aim of within-case analysis was to
become familiar with each project as a stand-alone entity. Within-case
analysis also allows identification of the unique characteristics of six
identified ISD projects. This improved the understanding of each project,
which ultimately accelerated the subsequent cross-case analysis.
Cross-case analysis was conducted to investigate the similarities and
differences across the six ISD projects.

Data analysis was conducted following two approaches: while the
types of information interdependencies were primarily identified
through the BRSs following an inductive approach, the control portfolios
and the performance of ISD projects were assessed primarily based on
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the employee interviews through a deductive approach. However, both
induction and deduction were supported by other sources of data-
—observation notes, project description documents, change request
documents, and software design documents. The knowledge gained
through observations was also helpful during the analysis. Please see
Fig. 2 for the data analysis process and the key objectives of each phase
of analyses.

First, considering the nascent knowledge on the nature of informa-
tion interdependencies across requirements modules within ISD pro-
jects, an inductive approach was adopted for exploring the inherent
characteristics of information interdependencies. Open coding, axial
coding, and selective coding were performed preliminarily on the BRSs,
and were supported by the interview data, observation notes, and other
documents such as project description documents, change request doc-
uments, and software design documents. During open coding, abstract
conceptual labels were assigned to common data, which capture the
characteristics of information interdependencies across modules. The
goal of the open coding process was to identify a manageable set of
conceptual labels that explain the characteristics of information in-
terdependencies. Thereafter, axial coding was conducted by refining the
open codes and exploring the commonalities and variations across the
codes. Whenever there were differences between conceptual labels,
relevant transcriptions, BRS statements, project description documents,
change request documents, software design documents, and observation
notes were re-analyzed to understand the reasons for the differences.
The knowledge gained through observations was also helpful in un-
derstanding the reasons for the differences. After the axial coding, se-
lective coding was performed to derive explanations for the
phenomenon. When explanations were lacking, relevant transcriptions,
BRS statements, project description documents, change request docu-
ments, software design documents, and observation notes were re-
analyzed to develop emergent theoretical explanations [76]. See Ap-
pendix G for sample codes inducted.

Second, considering well-established knowledge on control theory, a
deductive approach [77] was adopted to identify control portfolios
employed in projects. Characteristics and sample codes for outcome,
behavior, clan, and self-control modes were identified through
well-established control theory literature, such as Choudhury and Sab-
herwal [19] and Kirsch, Sambamurthy, Dong-Gil, and Purvis [78]. The
established characteristics and sample codes guided the analysis of
control portfolios in projects. Characteristics and sample codes of formal
outcome and formal behavior controls were adapted from Kirsch [14] and
Choudhury and Sabherwal [19]. For example, Choudhury and Sabher-
wal [19] note that one can identify “mechanisms to explicitly specify
desired outcomes that were assessed later” (p. 301) as outcome controls.
The BRSs employed in this study specified the expected outcomes in
detail and led us to the identification of formal outcome controls. Using
Choudhury and Sabherwal [19], we identified behavior controls using
the “mechanisms that specify appropriate behaviors” (p. 293). Thus,
employing in-depth interviews, we identified formal behavior controls
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used in the cases [19]. We adopted the coding guideline for informal
clan controls from Kirsch [14]. There, mechanisms that embrace shared
goals and values, such as team members traveling to each other’s sites,
getting to know each other in informal gatherings, and members sharing
pictures are commonly used examples of clan controls [14]. Thus, in this
research, characteristics such as team gatherings and team members
having lunch together were considered indications of high levels of clan
controls. Next, we adapted the coding guidelines for informal
self-controls from Choudhury and Sabherwal [19]. For example,
Choudhury and Sabherwal [19] identified self-control mechanisms as
follows: (1) mechanisms that can encourage or motivate team members
to exercise greater self-control and( 2) mechanisms that help enhance
team members’ ability to exercise control. Therefore, when preparing
the coding guideline, we considered “mechanisms encouraged and
motivated team members to make their own decisions and solutions” as
one characteristic of informal self-controls. Following the coding
guideline (see Appendix H), we categorized the level of formal outcome,
formal behavior, clan, and self-controls in each project as main (domi-
nantly used) or auxiliary (rarely used). See Appendix I for sample codes
of deduction.

The project performance (i.e., stable/unstable or average) was also
identified using a deductive approach by searching for characteristics
and sample codes such as stable, success, average. The deductive anal-
ysis was performed preliminarily on interview transcriptions, and was
supported by BRS statements, project description documents, change
request documents, software design documents, and observation notes.
The knowledge gained through observations was also helpful for iden-
tifying the control modes and project performance. See Appendix I for
sample codes of deduction. Thereafter, we conducted our next level of
analysis to identify potential linkages between characteristics of infor-
mation interdependencies, controls, and project performance. We
moved back and forth between the interview transcripts, BRSs, other
supportive documents, observation notes, and the literature to remain
true to the extant theory while interpreting the data for emerging con-
cepts [69,79].

5. Initial results—emerging patterns and characteristics of
information interdependencies and control portfolios

As explained earlier, we commenced the analysis by inductively
analyzing BRSs, interview transcripts, project description documents,
change request documents, software design documents, and observation
notes to identify the nature of information interdependencies. Each BRS
contained information about the constituting modules, including the
scope of the modules, the flow of information between the modules, and
how different modules were related. For example, the interdependency
of information flows between fund processing and trade processing mod-
ules of Project A is outlined in the following manner. The trade pro-
cessing BRS states,
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The Trade Processing business specification outlines the re-
quirements and automated procedures pertaining to processing of
trades within the [Company StockEX]. Lifecycle of a trade once
entered into the [project A] is defined under the following cate-
gories: a) trade entry, b) trade amendments and splits, c) trade
confirmations and rejections, d) contract and bill generation and e)
printing / dispatch of contract notes. Business requirements for the
above procedures are covered in this volume.

The fund processing BRS of Project A mentions that

Following accounts at a minimum may be created for transactions
captured for the current process of trade processing: client cash
settlement—the ledger account where fund settlement related client
transactions will be captured, e.g. buy/sell trades, cash receipts from
client, payments to client, cash withdrawals and etc.

The above statements indicate that the fund processing module
manages the fund settlement activities related to the trades that are
entered through the trade processing module. The analyses of such in-
formation flows yielded two main observations on (i) the nature of in-
formation interdependencies occurs modules and (ii) the nature of
control portfolios which are being employed to manage such interde-
pendent modules.

5.1. The nature of information interdependencies between modules

Our in-depth analyses of the information flows of the BRSs (i.e.,
modules) highlighted that some modules mainly had information out-
flows and did not receive much information from other modules. Such
modules demonstrated characteristics of a dominant and independent
nature. The analysis revealed that the dominant modules ultimately
created information interdependencies with the submissive modules.
For example, analysis of trade processing, stock processing, and fund
processing BRSs indicated that the trade processing module is a domi-
nant module, as it creates the foundation for submissive modules such as
fund processing and stock processing. In other words, the trade processing
module—which was recognized as the dominant module—created in-
formation interdependencies with submissive modules such as (1) the
general accounting and journal entries module, which calculates account
balances, (2) the fund processing module, which updates relevant fund
accounts, and (3) the stock processing module, which manages stock-
related transactions.

The information interdependencies between the submissive fund
processing module and the dominant trade processing module can be
observed in the following manner. The fund processing BRS of Project A
mentions that “Following accounts at a minimum may be created for
transactions captured [under] trade processing [module].” In turn, the
information interdependencies between trade processing module and the
submissive stock processing module in calculating stock-related delivery
obligations of the trades captured under the dominant trade processing
module can be highlighted through the following quotation. The stock
processing BRS of Project A mentions that “Upon initiation of the trade
processing process, accounting entries will be posted to the relevant
accounts (trades which successfully pass validations will be processed
further resulting in the calculation of delivery obligations and updates to
the relevant delivery accounts).”

Associated with the dominant and submissive modules of ISDs, the
analysis of BRSs identified two patterns of information in-
terdependencies between modules: (i) unidirectional—the information
flows only from a dominant module to a submissive module, and (ii)
bidirectional—the information flows both ways between dominant and
submissive modules. For example, we discovered repeated patterns
where information would only flow out from the trade processing
module to other modules within a project. For example, Project E, which
focused on developing a post-trade solution for the clearing and settle-
ment of the executed trades, showed the dominant role of the trade
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processing module in relation to other modules such as (a) the clearing
and settlement module and (b) the cash management module. The BRS
of the “clearing and settlement module” of project E mentions that “All
trades must be settled against a specific investor account. The investor
account information will not be entered at the time of the trade but will
have to be allocated by the broker as part of the clearing process.”

Thus, all transactions entered through the trade processing module
are settled through the clearing and settlement module, indicating that
information flows from the trade processing module to the clearing and
settlement module, but not vice versa. On the other hand, the trade
processing module and the trade validation and enrichment module of
Project B received information from each other, making them an
example of bidirectionality. The trade processing BRS specified that “If a
trade passes the initial basic validations (as discussed in the trade vali-
dations and enrichment specification) it will be considered to be in a
pending (initial validation) status.” The trade validation and enrichment
BRS mentioned that “Once a trade is captured, prior to accepting the
trade (and posting to trading/settlement accounts), the following ac-
tivities need to take place.”

Moreover, in some projects, information flows between modules
were established only when required, in an ad hoc fashion. For example,
Project D involved the development of software solutions to detect
irregular trading behavior. The relationship between the trade pro-
cessing and submissive modules was established only when it was
needed to detect irregular trading behavior. On the other hand, in some
of the projects there were permanent information interfaces between
modules. For example, in project E, the BRS for clearing and settlement
mentions the following, making permanent associations for clearing,
settlement, and cash management transactions with the trade processing
module: “The clearing system will receive trades in all forms of in-
struments executed on the exchange or regulated public market. All
trades must be settled against a specific investor account.”

5.2. A portfolio of controls in projects to manage performance

The analyses observed varying control modes used in the modules to
manage the project performance. The control portfolios and project
performance were mainly identified through the analysis of interview
transcriptions, supported by BRSs and observation notes. The insights
gained through observations were also helpful in deriving control
portfolios and the project performance. Thereafter, we compared the
characteristics of inter-modular requirements information in-
terdependencies and control modes of each individual project with those
of other projects to identify the linkages between characteristics of in-
formation interdependencies, controls, and project performance. Yet we
do not assert a causal relationship between project performance and
information interdependency. Instead, we simply observed that the
nuanced type of information interdependency may align well with a
particular type of control portfolio.

When projects were observed, the analyses found evidence of
simultaneous execution of multiple control modes. Based on the coding
guidelines (see Appendix H), we first categorized the level of formal
outcome, formal behavior, clan, and self-control in each project as main
(dominantly used) or auxiliary (rarely used). Per Choudhury and Sab-
herwal [19], outcome control was identified by the mechanisms that
specified the desired outcomes of each project. Behavior control was
established through the mechanisms that specified the rules, procedures,
and processes to be followed in achieving the expected outcomes [19].
For example, all projects employed a detailed BRS to explain the ex-
pected outcomes and behaviors (i.e., the rules, procedures, and pro-
cesses required to achieve the outcomes) for each module. Team
members in project E did not have to request changes in BRSs, as the
BRSs of the project provided a sufficient level of information about the
expected outcomes. Respondent 13 from project E explained; “We didn’t
have to go and change requirement and so on.” This indicates that
formal-outcome controls were mainly used in project E. In contrast,
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team members in project C struggled to understand the expected out-
comes of the project, as the BRSs did not contain a sufficient level of
information. Respondent 07 from project C mentioned that “Most of the
time, the spec [BRSs] carry out only high-level requirements. If you take
[BRSs in] another project very, very detailed than [our project].” Thus,
we categorized the level of formal-outcome controls in project C as
auxiliary.

Intermediate supervisors in project E conducted daily project re-
views to ensure that the project was being executed per the project plan.
Respondent 13 from project E discussed that “There are lots of people
managing [the project]. There is a layer [on] top of us to manage it. So ...
our immediate supervisors track each and every percentage of work
done ... and what is not done and maybe they are the people who report
to PMs [project managers].” This indicated that formal-behavior con-
trols were mainly used in project E. However, project plans of project F
were frequently updated. Respondent 15 from project F discussed how
“We have the changes happening in the plan twice a week because we
have the new changes coming into the plan.” Thus, we categorized the
level of formal-behavior controls in project F as auxiliary.

Similarly, most projects included some measures of clan control. For
example, since the team members in project B had high team spirit, they
were able to deal with unplanned situations. Respondent 05 from project
B mentioned that “Actually, that was the main reason why this project
went live. Because, everything didn’t happen in the proper, official,
standard or expected way. We are just [dealing with] change all the
time. But, people had the team spirit that is why the project plan went
live.” Team members in project D also worked together very cohesively
in an informal manner. Respondent 10 from project D mentioned that “It
is like [a] family.” Thus, we identified that project B and E mainly used
clan controls in their projects. In contrast, respondent 03 from project A
mentioned that “Ultimately, everybody came up with reasons to cover
themselves. When I compare it to the other projects I worked on,
teamwork was low.” Thus, we categorized the level of clan controls in
project A as auxiliary.

6. Cross-case analysis results

During cross-case analysis, the nature of information in-
terdependencies and the nature of control modes for each individual
project were grouped and compared with those for other projects. We
used perspectives from control theory and the literature on information
interdependencies as sensitizing devices [69], which assisted us in
summarizing the characteristics of information interdependencies and
control modes.

Based on the nature of information flows between modules, we
identified (i) unidirectional and (ii) bidirectional information in-
terdependencies. Moreover, the temporality of the information in-
terdependencies yielded (i) permanent and (ii) temporary information
interdependencies. Next, we determined the control portfolio employed
in each project. Therein, per Tiwana [18], we observed that the presence
of one control mode could minimize the need for other types of control
modes. We also established the performance of each project. Subse-
quently, we commenced our next level of analysis with the intention of
identifying potential linkages [80] between characteristics of informa-
tion interdependencies, and controls. By doing so, we were able to
identify (1) four types of information interdependencies, (2) control
portfolios used to govern these information interdependencies, and (3)
the observed project performance.

6.1. Unidirectional permanent information interdependency

The interdependency between two modules is considered a unidi-
rectional permanent information interdependency when there are unidi-
rectional, permanent links between the dominant module and
submissive modules (see Fig. 3). While the submissive modules receive
information from the dominant module, the dominant module is not
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Fig. 3. Unidirectional permanent information interdependency.

dependent on the information received from the submissive modules.
The scope and the interfaces of the interdependency are known. In
unidirectional permanent interdependency, the formal control mode is
established without negotiation between the modules and is the
preferred mode to manage them. There are also mechanisms to
encourage and motivate the team members to exercise greater self-
control. The role of clan control is less in projects where unidirec-
tional permanent information interdependencies are observed.

Unidirectional permanent information interdependency was
observed in project E, which was focused on developing a post-trade
solution for the clearing and settlement of executed trades. The solu-
tion provided the ability to execute manually entered trades as well as
market trades using trade uploads. In the process of clearing and set-
tlement, the trade owners and relevant accounts were updated. Unidi-
rectional permanent information interdependency was observed
between the trade processing, clearing and settlement, and cash man-
agement modules. The trade processing module consisted of information
required to process a trade, whereas the cash management module
contained details on managing cash accounts, calculating the fees and
other trade taxations. The cash management BRS specifies the following:
“Similar to shares, cash accounts are also maintained for each trans-
action [i.e., each trade] in the system.” The clearing and settlement
module explained the processes for managing risk between a trade
taking place and being settled, along with the exchange of cash and
assets between buyers and sellers following a trade. Moreover, it was
identified that there were no updates to the trade processing module
based on the feedback of cash management and clearing and settlement
modules. Therefore, the direction of the interdependency can be iden-
tified as “unidirectional” (i.e., directed from the trade processing mod-
ule to clearing, settlement, and cash management modules, not vice
versa). Throughout the project, the submissive modules were executed
per the requirements of the trade processing module (i.e., the dominant
module). Thus, the relationship between the trade processing module
and the submissive modules was “permanent.” The scope and interfaces
of the modules were known by the team members. For example, the
clearing and settlement BRSs of project E mention that “The purpose of
the clearing system is to get pre-matched trades ready for settlement, to
calculate settlement obligations and, when required, to apply these
settlement obligations,” indicating that all trades processed through
trade processing module were settled through clearing and settlement
module.

BRSs explained the expected outcomes and behaviors (i.e., required
rules, procedures, and processes to achieve the outcomes) of each
module. There were minimum updates to requirements specified in BRSs
of project E. Because the team members completed their tasks mainly
based on BRSs, outcome and behavior controls were identified as
“dominant” controls. Since the submissive modules simply use infor-
mation from the dominant module, formal controls were established
without negotiation between the modules. For example, respondent 13
from project E explained, “We didn’t have to go and change re-
quirements and so on.” Respondent 13 continued, “For only few
changes, we [software engineers] have to go and ask [the business an-
alysts], can we make this change?” Team members of the project mainly
received isolated work. According to Respondent 13 from project E,
“Most of the time they [team members get] isolated work.” The first
author observed that the team members do not have much communi-
cation with each other. Rather than communicating with each other,
team members were focused on completing tasks assigned to them
individually. Since the team members rarely collaborated, clan controls
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were identified as “auxiliary” controls. There were mechanisms to
encourage and motivate the team members to exercise greater self-
control. For example, business analysts could independently decide
the best methods for delivering client requirements. Respondent 13
mentioned that “Most of the time they [business analysts] would say
yeah, this is the best way to do it and they would come to a conclusion.”
Therefore, self-control was considered a “dominant” control. Based on
the respondent’s feedback, the project performance was identified as
“above average.” For example, respondent 13 mentioned that “There
were many issues; however, it is up to an accepted level currently. It has
bugs. I think it [the project] is little bit above average.”

6.2. Unidirectional temporary information interdependency

The interdependency between two modules is considered a unidi-
rectional temporary information interdependency when there are unidi-
rectional (i.e., the information would flow only from one module to the
other, but not vice versa) temporary relationships (i.e., the connections
between modules are established only when it is required) between the
dominant and submissive modules (see Fig. 4). In a unidirectional
temporary information interdependency, the scope and interfaces of the
interdependency are known. Thus, formal controls are established for
the known interactions, while clan control and self-controls are also
used to govern the modules.

Unidirectional temporary information interdependency was
observed in project D, which focused on developing a software solution
for detecting irregular trading behavior. The project description docu-
ment of project D mentioned that “Manipulative trading behavior such
as front running, insider trading, wash sales, layering the book, and
marking the close are detected.” Since the solution was focused on
detecting irregular trading behavior, the submissive modules of the
projects (e.g., business intelligence module and the alert and case
management module) were executed per the outputs of the trade pro-
cessing module. Therefore, the link between the trade processing mod-
ule (considered as the dominant module) and the business intelligence
module and the alert and case management module (i.e., submissive
modules) was “unidirectional” (i.e., the submissive modules are
executed per the instructions generated from the trade processing
module, not vice versa). A relationship between the dominant module
and the submissive modules was established only when it was needed to
detect irregular trading behavior. Therefore, the relationship was a
“temporary” connection between the dominant module and the sub-
missive modules. The scopes of the dominant module and the submissive
modules were known to the team members. While the scope of the trade
processing module was to execute the trades, other modules were
focused on detecting irregular trade behavior. Therefore, team members
were able to take full responsibility for modules assigned to them.

Because the BRSs consisted of detailed information about expected
outcomes and behaviors, team members completed their tasks primarily
based on BRSs. The outcome and behavior controls were established for
the known interactions between modules. Since team members
completed their tasks mainly based on BRSs, the outcome and behavior
controls were identified as “dominant” controls. The team members in
project D worked together as a family. For example, respondent 10 from
project D mentioned that “It is like [a] family.” The first author observed
that the team members were talking to each other in a friendly manner
and having informal chats with each other. Therefore, clan controls were
identified as a “dominant” control. When there were last-minute time
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Fig. 4. Unidirectional temporary information interdependency.
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overruns, team members worked extra hours. Moreover, there were
mechanisms to encourage and motivate the team members to exercise a
greater level of self-control. Thus, self-control was considered as a
“dominant” control. Based on the respondent’s feedback, the perfor-
mance of project D was identified as “stable.” For example, respondent
12 from project D mentioned, “It is sort of stable. You can’t say that there
are not any issues. With each and every new thing [i.e., components]
that is getting added, always introduce issues. And that component
might not be like the rest of the system. But as a whole, it is stable
product.”

6.3. Bidirectional permanent information interdependency

The interdependency between two modules is considered a bidirec-
tional permanent information interdependency when there are permanent
links between the two modules and when each module depends partially
on the other for deriving information (see Fig. 5). The scope of the
interdependency is pre-established; however, the interfaces through
which they interact are loosely defined. Therefore, the use of formal
control modes is largely ineffective. Because the interfaces are not well
established, the interfaces are managed through clan control. The BRSs
do not have detailed information; thus, team members are able to
elaborate requirements, leading to self-control.

Bidirectional permanent information interdependency was observed
in projects B, C, and F. Project B developed a real-time clearing system
that manages post-trade activities. In project B, the trade validation and
enrichment, market trade input and trade details, and trade processing
BRSs had permanent information interdependencies with each other.
The trade validation and enrichment module consisted of information
on (1) trade validation to ensure that all required information (for the
activities of clearing and settlement) was present in a trade, and (2)
trade enrichment to include any missing information such as settlement
details and settlement dates. The market trade input and trade details
module consisted of information on capturing trades from various
markets and converting the received trades to internal formats to
maintain all information required to manage the trade through the life
cycle of clearing and settlement. The trade processing module consisted
of information on viewing trade information, the trade update process,
and trade allocation. The trade validation and enrichment BRS
mentioned that “Once a trade is captured, prior to accepting the trade
(and posting to trading/settlement accounts), the following activities
need to take place. This specification will cover the validation and
enrichment activities. Upon completion of these activities the trade will
be deemed to have been accepted into the system.” The trade processing
BRS specified that “If a trade passes the initial basic validations (as
discussed in the trade validations and enrichment specification) it will
be considered to be in a pending (initial validation) status.” This in-
dicates that these BRSs are dependent on each other for deriving infor-
mation and execution information throughout the project execution.
Therefore, it can be concluded that there is a “bidirectional” (i.e., BRSs
are dependent on each other for deriving information) “permanent”
interdependency (i.e., the connection remains throughout the project).
Since projects C and F focused on developing platforms to integrate
modules, it was necessary to update the dominant module (i.e., trade
processing module) per the requirements of the submissive modules as
well. For example, respondent 07 from project C stated that "[We] ask
our client first whether they are okay with that, then we accept it, and
change the [trade processing] spec [BRS] as well.” Thus, the connection

Submissive
Module

Dominant

Module

Fig. 5. Bidirectional permanent information interdependency.
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between the dominant module and the submissive modules in projects B,
C, and F can be considered “bidirectional.” Since the connections be-
tween dominant and submissive modules were maintained throughout
the project, the information interdependencies between modules can be
considered “permanent."

The team members of projects B, C, and F had a proper under-
standing of the scope of modules. For example, the statistics BRS of
project F mentions that “The provision of such data is considered to be
out of scope for the trading platform.” Market trade input and trade
details BRS of project B clearly stated the scope of the module: “These
statistics will account for trades received only via the direct market
source. It will not consider trades reported from ... trading or manually
entered/uploaded by an administrative user.” However, when team
members wanted to integrate a new module with existing modules, they
had to develop interfaces between the modules. Respondent 09 from
project C stated, that “We need to get the interface done and then test the
requirement and the functionality.” Thus, it can be concluded that the
scope of the modules in projects B, C, and F was pre-established; how-
ever, interfaces through which modules interact were loosely defined.

The BRSs of projects B, C, and F did not include sufficient informa-
tion about the client requirements. For example, respondent 07 from
project C discussed how “Most of the time, the spec [BRS] carries out
only high-level requirements.” Respondent 08 from project C mentioned
that “Talking about [our project], the specs [BRSs] are little bit loose. So,
it is little bit tough to do development based mainly on those specs.”
Moreover, project plans were updated frequently. For example,
respondent 15 from project F mentioned that “We have changes
happening in the plan twice a week because ... we have new changes
coming into the plan.” As a result, it was difficult to establish outcome
and behavior controls. Since outcome and behavior controls were not
well established, the module interfaces were established through clan
control. Per respondent 08 from project C, “We have to interact with the
BAs [business analysts] a lot and get clarification.” Respondent 15 from
project F mentioned that “First we engage with the team and find the
solution.” The first author observed constant communications between
team members assigned to different modules. Although they mainly
discussed the items specified on BRSs, they also had some informal
conversations as well. The team members had lunch together at the same
time, which indicated high levels of clan control. Therefore, clan control
was identified as a “dominant control,” whereas outcome and behavior
controls were identified as “auxiliary controls.” Since the BRSs did not
include detailed information, team members of project B, C, and F were
able to elaborate requirements. For example, respondent 07 from project
C mentioned that “They [team members] have the freedom there, as the
spec is at high level. So, they actually get quite a freedom there.” Thus,
self-control was identified as a “dominant” control.

While the performance of project B was “average,” the performance
of projects C, D, and H was identified as “stable.” For example,
respondent 06 from project B mentioned that “Total solution it is in
average status,” respondent 09 from project C mentioned “Pretty much
stable,” and respondent 17 from project F mentioned that “compared to
other projects, this project is pretty stable.”

6.4. Bidirectional dynamic information interdependency

The interdependency between two modules is considered a bidirec-
tional dynamic information interdependency when there are undefined
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Fig. 6. Bidirectional dynamic information interdependency.
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links between the two modules and each module depends partially or
fully on the other for deriving information (see Fig. 6). Bidirectional
dynamic information interdependencies are observed in projects at their
early stages, especially when agreeing with specifications and deliver-
ables. It is naturally hard to employ formal controls, as the evolution of
specifications makes it impossible to develop concrete targets. It is
difficult to establish clan control in projects with bidirectional dynamic
information interdependency. This is because the evolution of specifi-
cations creates unmanageable targets for team members, which ulti-
mately minimizes team spirit. Because the functionalities are not well
described, team members have more self-control, where they can sug-
gest and develop alternative functionalities.

Bidirectional dynamic information interdependency was observed in
project A, where there were no formal links between modules, yet
modules depended partially or fully on other modules. Information in-
terdependencies were observed between the trade processing, fund
processing, stock processing, and brokerages, taxes, and charges mod-
ules. When a trade was processed, the relevant fund accounts were
updated by the “fund processing” module, whereas the relevant stock
accounts were updated by the “stock processing" module. The broker-
ages, taxes, and charges module was responsible for calculating bro-
kerages, taxes, and charges per the trade processing module. The
dominant module (i.e., the trade processing module) had to be updated
per the requirements of the submissive modules (such as brokerages,
taxes, and charges). For example, the trade processing BRS was updated
including “strategy order ID,” which was needed to apply the correct
brokerage scheme specified in the brokerage taxes and charges BRS. The
trade processing BRS was updated by including the following statement:
“The Strategy Order ID will be used only as an indicator to identify the
strategy orders separately and to apply the correct brokerage scheme.
Please refer to Volume 06, the Brokerages Taxes and Charges BRS for
this functionality.” Moreover, as specified in the revision history of the
fund processing BRS, during the project execution, the accounting
structure of project A had to be removed, as the structure could not be
implemented without implementing another interdependent module.
Respondent 01 from project A mentioned that “We had to remove the
functionality completely.” Since the trade processing BRS had infor-
mation interdependencies with the fund processing BRS, it was neces-
sary to update the trade processing BRS as well. The fund process BRS
mentions that “The whole account postings section was removed since
the same had been explained in the Trade Processing spec.” This in-
dicates that the dominant module (i.e., the trade processing module) and
the submissive module (i.e., the fund processing module) rely partially
or fully on each other for deriving information (i.e., "bidirectional") and
the information interdependencies are not clearly identified (i.e.,
"undefined").

Since the BRSs were frequently updated, it was difficult to establish
outcome and behavior controls. For example, respondent 02 mentioned
that “They [software engineers] have to change certain things, because
the document [BRS] is changing continuously.” Respondent 01 from
project A mentioned that “So, after that, what we [business analysts] did
was, we just updated the BRSs and sent another version.” Respondent 01
continued, “They [clients] basically signed off on the business func-
tionality. So, the BRS didn’t specify exactly how we are going to give
[the software solution] to you.” The evolution of specifications created
unmanageable targets for the team members, leading to a minimum
level of team spirit. According to respondent 03 from project A, “Ulti-
mately, everybody came up with reasons to cover themselves. When [
compare it to the other projects I worked on, teamwork was low.”
Respondent 01 mentioned that “Most of the time, when we [consultants]
suggest a problem or suggest a solution [software engineers mention
that] we can’t do this.” Respondent 01 continued, “Team spirit was
really lower [than other projects].” The first author observed tensions
between team members: Some team members were not that friendly
with the others. Therefore, outcome, behavior, and clan were identified
as “auxiliary controls.” Since the functionalities were not well
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elaborated, team members had more self-control, so that they were able
to suggest and develop alternative functionalities. For example,
respondent 01 from project A mentioned that “We have to come up with
the solutions and we have to elaborate on the functionalities and one
other thing I want to emphasis is when we started the project, we didn’t
know anything about their operations. For example, you can have a
functionality, but you don’t know how they currently operate, then the
scope of the functionality becomes very open. Since we don’t know the
exact way that they are doing that functionality, we just try to come up
with several alternatives which were never used by the client." Thus,
self-control was identified as “dominant control.” Per the respondent’s
feedback, performance of project A was identified as “unstable.” For
example, respondent 02 mentioned that “It is almost at the exit pro-
cedure level. So, we were [in] discussion how we get out from the
project, because it has dragged for so long, three and half years."

Appendix J illustrates the use of various types of data (e.g., interview
transcripts, BRSs, and observation details) in the analysis process and
the causal links between interdependency, control, and project perfor-
mance using the “bidirectional dynamic information interdependency”
type as the example. We followed a similar approach in deriving other
three types of information interdependencies (i.e., unidirectional per-
manent information interdependency, unidirectional temporary infor-
mation interdependency, and bidirectional permanent information
interdependency), control portfolios, and performance of other projects.

Fig. 7 graphically presents the four types of information in-
terdependencies, applied control modes, and the observed project
performance.

The project with unidirectional temporary information interdepen-
dency (project D) considered all four types of control modes as main
control modes and they were able to execute and maintain project in
stable condition. This highlights that projects with unidirectional tem-
porary information dependency can be managed effectively by using all
four types of control modes as main control modes depending on the
project situation. Because the project with bidirectional dynamic in-
formation interdependency (project A) considered outcome, behavior,
and clan control modes as auxiliary controls, the project was in an un-
stable condition. This indicates that projects with bidirectional dynamic
dependency cannot be managed effectively by considering using
outcome, behavior, and clan control modes as auxiliary controls. While
projects with bidirectional permanent dependency (projects B, C, and F)
considered outcome and behavior controls as auxiliary controls, clan
controls and self-controls were considered as main control modes.
Because these projects were in average or stable condition, it can be
concluded that projects with bidirectional permanent dependency can
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be managed by considering outcome and behavior control as auxiliary
controls while considering clan controls and self-controls as main con-
trols. Further, the project with unidirectional permanent dependency
(project E) considered outcome, behavior, and self-control modes as
main controls; the project was in above average condition. This indicates
that projects with unidirectional permanent dependency that were at
“above average” levels of performance considered outcome, behavior,
and self-control modes as main control modes.

7. Implications for research

Using Fig. 7 as a summary of our study, we identify several signifi-
cant implications for research.

First, we recognize the complexity of modular developmental envi-
ronments of ISD organizations. Studies have shown that ISD organiza-
tions often engage in remote modular developmental environments
[81]. While modularity has been hailed as a “tried-and-tested” approach
to developmental tasks, our study demonstrated the challenges associ-
ated with the flow of information, modularity, and the control portfolio
employed in managing a project.

Second, our study identified how the dominant and submissive
modules can usefully be determined for future research. Observing the
flow of information and the nature of information interdependencies,
the study identified directionality (unidirectional vs. bidirectional) and
temporality (permanent vs. temporary) could be employed to define a
module. While past research has employed several useful classifications
such as the type of workflow [82], type of routines [8,83], project at-
tributes [84], and type of goals and level of resources [85], no other past
study had employed the nature of information flow to classify a module.

Third, this is one of the few studies to highlight the importance of
considering information interdependencies when governing ISD pro-
jects. Our findings add further substance to the claims presented in
Tiwana [2], who explained how minimizing interdependencies between
outsourced systems and other software applications is a substitute for
control mechanisms. Kirsch [86] pointed out that ISD projects may
include task interdependencies, leading to changes in the choice of
control modes. According to Ouchi and Maguire [15], managers prefer
outcome controls when tasks are interdependent. Although previous
research has explained how to develop control portfolios considering the
level of interdependencies (e.g. high or low; [2,68]), there is a lack of
research that explains how to develop control portfolios based on the
types of information interdependencies. Moreover, previous research does
not sufficiently explain which control mechanism can be domi-
nant—“main” and “auxiliary”—depending on the types of information

Information Interdependency Control Portfolio Project
Performance
Information Interdependency Types and Graphical Formal-outcome | Formal-behaviour Informal-clan Informal self-
Characteristics Representation control control control control

Unidirectional | Direction of Uni-directed
Permanent information flows H Main Main Auxiliary Main E— Above average
Iy Temporality Permanent
Dependency
Unidirectional | Direction of Uni-directed F
Temporary information flows ‘---}. Main Main Main Mais D —Stable
Information T lit T
Dependency emporality emporary
Bidirectional Direction of Bi-directed B - Average
Permanent information flows M Auxiliary Auxiliary Main Main C- Stable
information Temporality Permanent E=2table
Dependency
Bidirectional Direction of Bi-directed
Dynamic information flows ‘<.>‘ Auxiliary Auxiliary Auxiliary Main A—Unstable
Information i "
Dependency Temporality Dynarr.nc

Undefined

Fig. 7. Results—types of information interdependencies, relevant control portfolios, and project performance.
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interdependencies. For example, observing the results of Fig. 7, we note
that projects with bidirectional permanent information interdependency
tend to align well with informal types of controls. We extend prior
control theory research [2,14,19,68] by highlighting the importance of
selecting appropriate control portfolios for various types of information
interdependencies.

Fourth, our research highlights the dynamic existence of multiple
control modes in a single ISD project. In general, studies assume the
existence of a single control mode within a project. For example, Tiwana
[2] focused solely on formal controls and did not explicitly discuss the
relationship between modularization and clan control. Although the
control literature has discussed clan control [62,65], there is a lack of
research that discusses the management of multiple clans within a single
ISD project. The results from our study indicate that ISD projects consist
of several teams with different team goals and objectives, thereby
creating multiple clans within a single project. Moreover, these teams
are assigned to different modules. Therefore, when projects include in-
formation interdependencies, project managers should ensure that clan
control is appropriately implemented within intra-project teams (e.g.,
within the business analyst team and within the software engineering
team) and between intra-project teams (e.g., between the business an-
alyst team and the software engineering team) assigned to different
requirements modules. Although modularity minimizes the need for
organizational control, control is needed to ensure that teams assigned
to different requirements modules have a sufficient level of interaction
to perform their tasks.

Fifth, our study develops four types of information in-
terdependencies and thus extends the extant research on in-
terdependencies and modularity. Although previous research has
discussed types of requirements interdependencies [12,36,37] and
highlighted the importance of considering the strength [87] and order
[88] of requirements interdependencies, research that identifies
requirement information interdependency types based on the flow of
information and temporality is scarce. The new classification of infor-
mation interdependencies that we delineated in our study provides a
nuanced view of the interdependencies. Moreover, we explain the innate
characteristics of all four types of information interdependencies. Such
knowledge will enable future research to derive better insights through a
deeper understanding of the nature and complexity of in-
terdependencies in contemporary ISD projects.

Finally, while determining project performance ex ante is elusive at
best in every project, we have made an attempt to identify a diagnostic
framework (summarized in Fig. 7) that allows researchers to draw in-
sights into the nature of information interdependencies in ISD modules,
which could be used determine the most suitable type of control port-
folio for an ISD project. While there has been much discussion in the
literature regarding ISD project performance and ISD success de-
terminants (e.g., [89-911]), no past study has provided such an approach.

8. Implications for practice

The summarized findings of Fig. 7 have substantial implications for
practice as well.

First, the study demonstrates the impact of the modularization of
requirements, which is commonly employed to better govern ISD pro-
jects. More specifically, the study findings highlight the impact that
information interdependencies have on project controls. Thus, it dem-
onstrates that better communication is required between business ana-
lysts, software engineers, and project managers when specifying
requirements modules—a task traditionally done only by business
analysts.

Second, ISD organizations commonly use modular development en-
vironments. Our study highlights the challenges associated with the flow
of information, modularity, and the control portfolios employed in such
environments. Thus, ISD team members working in modular projects
could improve their understanding and take necessary steps to manage
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those challenges.

Third, practitioners can benefit from our findings regarding the
various control portfolios that can be employed for different projects.
More specifically, the study demonstrates the vital role that BRSs play in
project control. If developed with clear instructions, considering all the
anticipated information interdependencies, BRSs can serve as a struc-
tured formal control mechanism for all requirements modules. However,
given the inevitable information interdependencies between modules,
managers must employ a portfolio of controls to govern projects.

Fourth, the study provides four information interdependencies that
practitioners can use to assess the dominant interdependency type in a
project and then develop the appropriate control portfolio to govern the
project effectively. The study characterizes the information in-
terdependencies and provides means of how they can be assessed by
observing the information flows across modules. Such a structured
approach will undoubtedly benefit managers in governing future ISD
projects.

9. Limitations and directions for future research

Though the study makes several theoretical and practical contribu-
tions, it has a few limitations that need to be acknowledged. Although
procedures for internal and external validity were followed, the
subjectivity of data collection and analysis may be an issue. In future
studies of this nature, generalizability can be improved by using a larger
sample of projects representing multiple organizations. This research
explained how to develop control portfolios to govern information in-
dependencies by using outcome, behavior, clan, and self-control modes.
Future research could enrich the findings by integrating recent control
theory concepts such as control styles (e.g., enabling/authoritative),
control degree (e.g. frequency/intensity), and control types (e.g. social
type/procedural; [24,47]) to explain the development of the control
portfolio. This research has focused only on developing control portfo-
lios to govern information interdependencies; future research can
further explain the development of control portfolios to govern other
types of interdependencies, such as interdependencies between projects
and organizations. We have used interview data, BRSs, observation
notes, and observation information to derive project performance.
Future research can use other types of objective data such as hours
planned vs. hours expended, budget overruns, schedule overruns, and
customer satisfaction scores to derive the performance. A longitudinal
study on managing information interdependencies in modularized ISD
projects could yield further insights into the phenomenon being
observed. For example, sequential and parallel development of re-
quirements modules in ISD projects could be observed through a lon-
gitudinal study.

Despite these limitations, our study is one of the few that have
examined the nature of information interdependencies within ISD pro-
jects and attempted to delineate the rationale for governing projects
through appropriate control modes.

10. Conclusions

The objective of this study was to examine how information in-
terdependencies in ISD projects can be governed better using a portfolio
of control modes. We examined six ISD projects selected from a single
organization that specializes in developing capital market solutions. Our
analysis was based on interview data from 17 respondents with different
roles in the six projects, company documents such as BRSs, project
description documents, change request documents, and software design
documents and our own observational notes taken during the data
collection process. We grounded our study in control theory to draw
upon existing perspectives on project governance using formal and
informal control modes. During data analysis, four types of information
interdependencies were identified: (i) unidirectional permanent infor-
mation interdependency; (ii) unidirectional temporary information
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interdependency; (iii) bidirectional permanent information interde-
pendency; and (iv) bidirectional dynamic information interdependency.
Each of these four “information interdependencies” was discussed and
mapped onto the control portfolios and project performance. Based on
our analysis, the study demonstrates a clear rationale for using the
relevant control modes aligned to specific types of information
interdependencies.

Appendix A: Types of interdependencies
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Entity of
interdependency

Types of interdependency

Sample references

Organizational
interdependencies

previous employees have completed their tasks.

Reciprocal interdependencies—employees should adjust their behaviors and tasks

in order to align with other employees.

Pooled interdependencies—employees can perform their tasks without interacting
with other employees. Interdependencies occur only because of limited resources.
Sequential interdependencies—one employee can commence tasks only when the

Ahola [92], Baccarini [93], Ghobadi [94], Ghobadi and D’ Ambra
[95], Hong [96], Johnson and Johnson [97], Parolia, Jiang, Klein,
and Sheu [98], Pee et al. [5], Stea, Foss, and Foss [6], Tan, Tan,
Wang, and Sedera [99], Stea et al. [6]; Thompson [100], Wang et al.
[84]

Goal interdependency—the goals of one group can be achieved only when the

goals of other groups have been met.

Task interdependency—team members of a group believe that they depend on

other groups to be able to complete the assigned tasks.

Reward interdependency—the rewards of one group depend on the performance of

other groups.

Outcome interdependency (includes goal and reward interdependencies) —
employees perceive that their outcomes depend on the outcomes of other

employees.

Means interdependency (includes task, resource and role interdependencies)—
employees perceive that they depend on the means of others to achieve expected

outcomes.

Boundary interdependency—employees perceive that they have continuous

interdependencies with other employees.
Project
interdependencies

Knowledge interdependency—the progress of a project depends on the form of
information (e.g., domain knowledge, knowledge about past decisions).

Cho et al. [7], Donmez et al. [8], Faraj and Sproull [101], Feldman
and Pentland [83], Jiang et al. [85], Lindberg et al. [4], Strode [102]

Process interdependency—a task can be only started after the completion of

another task.

Resource interdependency—progress of a project depends on resources.
Routine interdependency—information interdependencies between repetitive

actions conducted by multiple actors.
Structural

interdependencies they are organized into a structure.

Structural interdependencies—interdependencies between requirements when

Aurum and Wohlin [12], Carlshamre and Regnell [103], Dahlstedt
and Persson [36], Ramesh and Jarke [104]

Constraint interdependencies—requirements constrain or depend on each other.
Cost/value interdependencies—the cost involved in implementing a requirement

in relation to the customer’s perceived value.
Conditions—create restrictions on requirements.
Content—content interdependencies in requirements modules.

Dahlstedt [105], Li et al. [106], Pohl [37]

Documents—links between different documents that are required to trace

information or find examples of requirements modules.

Evolutionary—a particular requirements module has been developed based on

another requirements module.

Abstraction—abstractions between different requirements modules, such as

refinements or generalizations.

Appendix B: Overview of existing research on interdependencies, modularization, and project governance in ISD projects

Study Method Theory Focus

Main findings

Tiwana [68] Quantitative method

Data collection in three phases
over five years (2009-2013)
from 342 independent
extension developers
Quantitative method

Data from 120 software

outsourcing alliances

Control theory

Tiwana [2] Control theory

The interplay between control and extension
modularization

To identify whether technological modularity
substitutes for control

Complementarity between input controls and
extension modularization increases the project
performance.

Process control, outcome control, and modularity
independently enhance alliance performance.
Modularity and control are imperfect substitutes;
modularity minimizes the effect of process
control on alliance performance but not of
outcome control on performance.

Cataldo [3]

Quantitative method
Four-stage study using

Socio-technical
congruence

To identify the work dependencies and to
investigate the impact of work dependencies on
the development process

13

Defines a method to measure socio-technical
congruence (i.e., the relationship between work
dependencies and coordination patterns).

(continued on next page)
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(continued)
Study Method Theory Focus Main findings
software source code files and
modification requests
Lindberg Qualitative method Coordination To explore how an open-source software project  Explained how development and developer
etal. [4] Using the available data manages unresolved development interdependencies are associated with different

within the repository
Cataldo et al. Quantitative method
[59] Data from the first four
releases of a large distributed
system development project

Gomes and Quantitative method
Joglekar 71 tasks carried out in 11
[107] software development

projects

Conley and Quantitative method
Sproull Data collected from 203
[108] software releases in 46 open-

source projects hosted on
SourceForge.net

Narduzzo Qualitative method
and Rossi Case studies and indirect
[109] observations

Socio-technical
congruence

Information
processing view of
product development
and transaction cost
economics

Software modularity

Software modularity

interdependencies

To explain the impact of technical and work
dependencies on software development
productivity

To identify the effect of task modularity on
transactional efficiency and software project
completion time

To identify the relationship between software
design modularity and software quality

To identify the relationships between
organizational structure and architecture design
in modular projects and to explore how the
modularity copes with unexpected
interdependencies

routines (i.e., sequence of activities).
Identification of the accurate set of product
dependencies determines the relevant work
dependencies, and thus ultimately minimizes the
resolution time of software modification
requests.

Task modularity increases the transactional
efficacy. Increase in modularity decreases the
development time and coordination effort.

Software modularity reduces the software
complexity, increases the number of static
software bugs, and has a mixed relationship with
percentage of software bugs closed.

Increasing the degree of modularity and violating
the information hiding principle are important in
open source software projects.

Appendix C: Company description

Company StockEX is a medium-sized ISD company engaging in capital-market-related ISD. It has been in the business for over 10 years, employing

over 300 staff. The company specializes in developing software solutions for capital markets, with more than 25 capital market clients all over the
world. Those solutions provide the ability to trade using multiple assets such as equities, commodities, derivatives, and debt. The software solutions
include functionalities of multiple trading methods such as auctions and continuous matching. Software solutions provide the ability to trade in
multiple market structures such as regulated exchange and the over-the-counter markets. Moreover, the company develops post-trade applications,
wherein the settlement of trades is automated. Post-trade applications provide the central clearing and settlement for trades.

Company StockEX provides systems integration services for clients in different industry sectors such as the financial and telecommunication in-
dustries. Furthermore, the company offers consultancy services and IT infrastructure services. It is involved in developing the clients’ requested
functionalities of ISD projects even after the projects go live. The company includes several partners all over the world, who provide the required
outsourcing services and hardware and software services. Specialized industry teams interact with ISD teams and marketing departments to develop
software solutions which are aligned with client expectations. The company tries to be agile and responsive to changes in the global market. All
software solutions are developed according to specific client requirements and to facilitate innovation and collaboration with client’s business
partners.

Software solutions from the company are based on an advanced technology platform, which uses distributed parallel software design. Since the
company utilizes a common platform, company products are fully interoperable and can be extended to provide exchange solutions for different
market types. Software solutions are developed using a unique software tool of the company, which facilitates developing software for real-time
business management. By providing the ability to update business rules, software solutions offer flexibility and competitive advantages to clients.
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Appendix D: A sample business requirements specification document - table of contents

1 DOCUMENT CONTROL
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1.1 Table of Contents
85 Net Rate Rounding Process.. 137
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8.7 Parent UCC amendment process for a deal ticket ... 138
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622 Trade Processing Methods. .. .64
623 Trade Processing Account Postmgs .66
R74 Na Nalivery Parinds ARG

Appendix E: List of guiding interview questions

. What sort of issues do you encounter in your project?
. To what level do you document the client requirements?

. Can you please describe the penalties, rewards, and time allocations of your project?
. Can you discuss the issues you face when you are controlling a project?

O 00N WDN -

. What knowledge do team members have about the contracts and requirement documents?
. To what level do you follow the document during day-to-day activities?

—_ =
= o

requirement documents?
. Can you please describe the team spirit and shared values and beliefs of the team?

—
w N

members?
. How does your team manage day-to-day operations and quick decisions?

—_
N

Appendix F: Rigor in research

. Can you please describe Project X? To maintain confidentiality, the names of the projects were disguised.
. Can you describe the documents and software systems that your team uses to transfer the client requirements?

. Are there any other documents and software systems that your team uses as contracts between the client and you?

. What knowledge is required for your team members to develop products that satisfy client requirements?

. How do you describe the behavior of your project team members? Are they flexible to provide more information than what is mentioned in the

. To what extent do you amend the requirement documents, time estimations and project templates according to the requests from the team

Rigor in research ~ Description Case study strategy How the strategy was applied in this study

sought

Dependability Two researchers independently arrive at the ~ Provide adequate information about the Adequate information about the case organization and
same conclusions by assessing the same data ~ phenomenon of interest. projects were provided in the research methodology and data
set. collection section and Appendices.

Credibility Readers accept that the inferences of the Provide evidence of data triangulation, data Data triangulation was conducted using interview data,

research are true.

collection techniques, and data analytic
procedures.

15

observations, BRSs, design documents, project descriptions,
and data collected from official websites.

Data collection and data analysis techniques were explained
in the methodology and data analysis sections.

(continued on next page)
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(continued)
Rigor in research ~ Description Case study strategy How the strategy was applied in this study
sought
Transferability Identify whether the findings can be Provide in-detail descriptions of the research Detailed description of the research context is provided in the
generalized. context, so that the reader can identify to which ~ research methodology and data collection section and the
extent the findings can be generalized. Appendices.
Confirmability To the extent that the results can be Preparation of a topic guide. A topic guide was prepared including detailed objectives of

confirmed by others. Presenting research findings. the study, pre-understandings, and our influences.

Research findings were presented at seminars and received

Unbiased results Interview data can be subjective; therefore,
obtaining results from one person can

generate inaccurate and bias results.

Use of objective data.

Interview many participants from each project.

feedback.

From each project, three participants were interviewed.

Results were gained by comparing and contrasting all three
members’ opinions—this minimized the bias in the results.
Objective data (e.g., BRSs and project descriptions) were
used to reduce the ambiguity of data and generate unbiased

results.

Note: Adapted from Bhattacherjee [110] and Whitman and Woszczynski [111].

Appendix G: Induction: sample codes of information interdependencies

Please note that the sample codes have been explained in the results sections.

Open codes

Axial codes

Selective codes

“The purpose [open code: scope known] of the clearing system is to get pre-matched ... trades
[open code: unidirectional] ready for settlement, to calculate settlement obligations and, when
required, to apply these settlement obligations [open code: scope known].” [Project E, clearing
and settlement BRS, p. 6]

“The clearing system will receive trades [open code: unidirectional] in all forms of instruments
executed on the exchange or regulated public market.” [Project E, clearing and settlement BRS,
p. 6]

“Similar to shares, cash accounts are also maintained for each transaction [open code:
permanent] in the system.” [Project E, cash management BRS, p. 4]

“All trades must be settled against a specific investor account [open code: permanent]. The
investor account information will not be entered at the time of the trade but will have to be
allocated by the broker as part of the clearing process.” [Project E, clearing and settlement BRS,
p- 9]

“Manipulative trading behavior such as front running, insider trading, wash sales, layering the
book, and marking the close are readily detected [open code: scope known].” [Project D, project
description document, p. 2]

“Integrated BI [business intelligence] module to generate reports, and dashboards accessing
internal as well as multiple external data sources” [open code: scope known]. [Project D, project
description document, p. 6]

“These statistics will account for trades received only via the direct market source. It will not
consider trades reported from ... trading or manually entered/uploaded by an administrative
user [open code: scope pre-established].” [Project B, market trade input and trade details BRS, p.
10]

“The provision of such data is considered to be out of scope for the trading platform [open code:
scope pre-established].” [Project F, statistics BRS, p. 4]

“We need to get the interface done and then test the requirement and the functionality.” [open
code: interfaces are loosely defined] [Respondent 09, Project C]

“Once a trade is captured, prior to accepting the trade [open code: bidirectional, permanent]
(and posting to trading/settlement accounts), the following activities need to take place ... This
specification [validation and enrichment BRS] will cover these validation and enrichment
activities [open code: scope of module pre-established]. Upon completion of these activities, the
trade will be deemed to have been accepted [by the trade processing BRS] [open code:
bidirectional] into the system.” [Project B, trade validation and enrichment BRS, p. 5]

“Failed and rejected status trades will be referred back to the gateway by communicating with
the trading source [open code: bidirectional].” [Project B, market trade input and trade details
BRS, p. 10]

The trade processing BRS was updated, including "strategy order ID," which was required to apply
the correct brokerage scheme specified in the brokerages, taxes and charges BRS. This indicated
that the foundation module (i.e., the trade processing module) was updated per the
requirements of other modules. The trade processing BRS was updated by including the
following statement: “The Strategy Order ID will be used only as an indicator to identify the
strategy orders separately and to apply the correct brokerage scheme. Please refer to Volume 06,
the Brokerages Taxes and Charges BRS for this functionality [open code: bidirectional].”
[project A, Trade processing BRS, p. 45]

“The whole account postings section was removed since the same had been explained in the
Trade Processing spec” [open code: scope of the module was undefined]. [project A, Fund
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[Direction of information flows in
modules]

Unidirectional

[Temporality of information
interdependencies]

Permanent

[boundaries of modules]

The scope and interfaces of the modules

were known

[Direction of information flows in
modules]

Unidirectional

[Temporality of information
interdependencies]

Temporary

[boundaries of modules]

The scope and interfaces between
modules were known

[Direction of information flows in
modules]

Bidirectional

[Temporality of information
interdependencies]

Permanent

[boundaries of modules]

The scope of the modules was pre-
established

Interfaces through which modules
interact were loosely defined

[Direction of information flows in
modules]

Bidirectional

[Temporality of information
interdependencies]

Undefined

[boundaries of modules]

The scope and interfaces between
modules were undefined

Unidirectional Permanent
Information interdependency

Unidirectional Temporary
Information interdependency

Bidirectional Permanent
Information interdependency

Bidirectional Dynamic Information
interdependency

(continued on next page)
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(continued)

Open codes Axial codes Selective codes

processing BRS, p. 5]
“We had to remove the functionality completely [open code: scope of the module was
undefined].” [Respondent 01, Project A]

Appendix H: Categorization standards/coding guideline of deductive coding

Formal outcome control: Main

The BRSs specified the expected outcomes in detail

Business analysts made few updates to or did not update the BRSs at all, which indicated stable expected outcomes.

The developed information system solution aligned with the information specified in BRSs

Team members had to strictly focus on the outcomes mentioned on the BRSs

The project had deadlines to ensure that team members achieved the expected outcomes on time.

Formal outcome control: Auxiliary

The BRSs did not properly specify the expected outcome.

The developed information system solution did not completely align with the BRSs.

Business analysts updated the BRSs several times, which indicated unstable expected outcomes.

The team members did not have to strictly focus on the outcomes mentioned on the BRSs

The project did not have deadlines to ensure that team members achieved the expected outcomes on time.

Formal behavior control: Main

The BRSs specified the expected behaviors in detail

Team members had to strictly follow the expected behaviors mentioned on the BRSs

Team members made few or no updates to the software design and software code (i.e., the procedures that team members
should follow to achieve the expected outcomes). Lack of updates to the software design and code indicated stable the
formal behavior controls.

The project comprised detailed project plans

Project managers did not frequently update project plans

Project managers conducted project reviews and project meetings to ensure that team members executed the project
according to the project plan.

Project managers closely monitored team members’ progress

Formal behavior control: Auxiliary

The BRSs did not specify the expected behaviors in detail

Team members did not have to strictly follow the expected behaviors mentioned on the BRSs

Team members made several updates to the project plans, software design, and software code

The project did not comprise detailed project plans

Team members did not have regular project reviews and project meetings

Project managers did not closely monitor team members’ progress

Informal clan control: Main

The team shared the same values and beliefs

The team displayed high team spirit

Team members had good interactions, relationships, collaborations, and team gatherings

The team members provided suggestions or clarifications to other team members

When some team members required support to complete the assigned tasks, other team members were willing to provide
the required support.

Informal clan control: Auxiliary

The team displayed low team spirit

Team members did not interact frequently

Team members did not collaborate often

Team members had weak relationships and there was lack of informal gatherings

Team members did not provide suggestions or clarifications for other team members’ tasks

When a team member required support to complete the assigned tasks, other team members were not willing to provide
the required support.

Informal self-control: Main

Mechanisms encouraged and motivated team members to make their own decisions and solutions

Team members used their personal time to complete their tasks

Team members had the freedom to innovate and execute their tasks

Informal self-control: Auxiliary

No/few mechanisms encouraged and motivated team members to make their own decisions and solutions

Team members did not use their personal time to complete their tasks

Team members did not have the freedom / lacked the freedom to innovate and execute their tasks
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Appendix I: Deduction: sample codes of control modes and project performance

Please note that the sample codes have been explained in the results sections.

Control modes

Sample codes

Formal outcome and behavior

controls

Informal clan controls

Informal self-controls

Project performance

“We didn’t have to go and change the requirement, [which was written in BRS] [codes: formal controls, without negotiation].” [Respondent 13,
Project E]

“For only few changes, we [software engineers] have to go and ask [from the business analysts], can we do this change? [codes: formal controls,
without negotiation].” [Respondent 13, Project E]

“Most of the time, the spec [BRS] carries out only high-level requirements [codes: difficult to establish formal controls].” [Respondent 07, Project
C]

“Talking about [our project], the specs [BRSs] are little bit loose. So, it is little bit tough to do development based mainly on those specs™ [codes:
difficult to establish formal controls].” [Respondent 08, Project C]

“We have changes happening in the plan twice a week because ... we have new changes coming into the plan [codes: difficult to establish formal
controls].” [Respondent 15, Project F]

“They [software engineers] have to change certain things because the document [BRS] is changing continuously [codes: difficult to establish
formal controls].” [Respondent 02, Project A]

“So, after that, what we [business analysts] did was, we just updated the BRSs [codes: difficult to establish formal controls] and sent another
version.” [Respondent 01, Project A]

“They [clients] basically signed off on the business functionality. So, the BRS didn’t specify exactly how we are going to give [the software
solution] to you [codes: difficult to establish formal controls].” [Respondent 01, Project A]

“Question- It means the [team] members ... think about the other people and work as the team. They help each other.

Answer-Yes. It is like [a] family [codes: clan controls].” [Respondent 10, Project D]

“First we engage with the team [codes: clan controls] and find the solution.” [Respondent 15, Project F]

Most of the time, when we [consultants] suggest a problem or suggest a solution, [software engineers mention that] we can’t do this [codes:
difficult to establish clan controls].” [Respondent 01, Project A]

“Team spirit was really low [than other projects] [codes: minimum clan controls].” [Respondent 01, Project A]

“Ultimately, everybody came up with reasons to cover themselves. When I compare this to the other project I have worked, the level of teamwork
was low [codes: minimum clan controls].” [Respondent 03, Project A]

“Most of the time they would say yea, this is the best way to do it and they would come to a conclusion” [codes: self-controls] [Respondent 13,
Project E]

“They [team members] have the freedom there, as the spec is at high level. So, they actually get quite a freedom there”. [codes: self-controls]
[Respondent 7, Project C]

“We have to come up with the solutions and we have to elaborate on the functionalities and one other thing I want to emphasis is when we started
the project, we didn’t know anything about their operations. For example, you can have a functionality, but you don’t know how they currently
operate, then the scope of the functionality becomes very open. Since we don’t know the exact way that they are doing that functionality, we just
try to come up with several alternatives which were never used by the client [codes: high level of self-controls]. [Respondent 01, Project A]
“There were many issues, however it is up to an excepted level currently. It has bugs. I think it is little bit above average.” [Respondent 13, Project
E] [codes: above average]

“It is sort of stable. You can’t say that there are no any issues. With each and every new thing [i.e. components] that is getting added, always
introduce issues. And that component might not be like the rest of the system. But as a whole, it is a stable product™ [codes: stable] [Respondent 12,
Project D]

“Total solution it is in average status” [codes: average] [Respondent 06, Project B].

“It is going fine” [codes: stable] [Respondent 08, Project C]

“Pretty much stable” [codes: stable] [Respondent 09, Project C]

“I think we are in a matured stage” [codes: matured / stable] [Respondent 15, Project F].

“There are only few issues found, I think the product is successful” [codes: successful / stable] [Respondent 16, Project F].

“Compared to other projects, this project is pretty stable” [codes: stable] [Respondent 17, Project F]

“It is almost at the exit procedure level. So, we were [in] discussion how we get out from the project because it has dragged for so long, three and
half years” [codes: unstable]. [Respondent 02, Project A]

Appendix J: Project A—An example of bidirectional dynamic information interdependency, relevant control portfolios and project

performance

We observed bidirectional information interdependencies between fund processing and trade processing modules of project A. As specified in the
revision history of the fund-processing BRS, the accounting structure of the system had to be removed because the accounting structure could not be
implemented due to the information interdependencies between the requirement modules. As a result of removing the accounting structure, the
business analysts had to modify 116 specification points, make amendments to 73 points, and clarify a further 29 points of the fund-processing BRS.
Removing the accounting structure created the need for more updates in the fund-processing BRS toward the end of the life cycle. For example, on
August 13, the fund-processing BRS was updated by (1) adding or deleting 85 specification points, (2) amending 33 specification points, and (3)
clarifying a further 31 specification points. Table J.1 demonstrates the number of updates in the fund-processing BRS.

Because the trade-processing BRS had information interdependencies with the fund-processing BRS, it was necessary to update the trade-
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Table J.1
Number of updates in the fund-processing BRS.

Date Number of spec point updates
Added/deleted” Amended’ Clarified”
07/06 6 8 0
14/06 1 6 2
22/06 19 20 8
05/12 116 73 29
26/02 7 3 1
03/03 21 15 0
31/05 26 14 0
13/08 85 33 31
27/02 20 6 0

@ Added/deleted: A spec point was added to or deleted from the BRS.
> Amended: A spec point was amended.
¢ Clarified: A spec point was clarified, including clarification information.

processing BRS as well. The business analysts had to identify the information interdependencies between the two modules, so that they could update
both BRSs. This indicates that the information interdependencies between the fund processing module and the trade processing module were not
clearly defined. As a result of fund-processing BRS updates, 92 trade-processing specification points were added, 35 points were amended, and a
further 26 points were clarified on February 2. TableJ.2 demonstrates the number of updates in the trade-processing BRS.

The fund-processing module relied on the information transferred from the trade-processing module as well. Once the trades are processed through

Table J.2
Number of updates in the trade-processing BRS.

Date Number of spec point updates
Added/deleted Amended Clarified
20/09 38 10 0
31/10 19 5 3
02/02 92 35 26
02/03 2 14 0
25/06 13 15 0
25/07 37 37 0

the trade processing module, the relevant account entries are managed through the fund-processing module. Fig. J.1 presents the account postings
specified in the trade-processing BRS; this indicates that the information generated through the trade-processing module is transferred to the fund-
processing module.
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Trade-Processing Account Postings

Upon initiation of the trade-processing process, accounting entries will be posted
to the relevant accounts.

Processing of a buy trade for a non-custodial trade will result in following
accounting entries.

DR
CR

CR

CR

Processing of a buy or sell custodial buy trade will result in the following accounting entries:

DR
CR

CR

CR

Fig. J.1. Account postings in the trade-processing BRS.

Since the BRSs were frequently updated, it was difficult to establish outcome and behavior controls in project A. For example, the trade-processing
BRS had eight versions. Although there were only 16 pages in the first version of the trade-processing BRS (i.e., V1.00), the eighth version of the trade-
processing BRS (V1.08) consisted of 154 pages. Fig. J.2 illustrates a sample BRS revision history (page 8/154 of the trade-processing BRS (V1.08)
_3i_final doc - project A).
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Following sections were updated.

€.1.2.14 - Amalgamating the information in multiple cantract notes in
10 a single contract note. Spec point was updated.

€.3.2.6.27 - The system will provide an option to select the exchange
order which is required to be amended.

6.4.1.18.5 - The information in the multiple contract notes can be
amalgamated in_tn single contract note by selecting the required
multiple entries in the system. Spec was updated

Open issue 27 - Closed the issue regarding BTST and SPOT trades.
Open issue 35 - Closad the issue regarding the deal ticket closure.
€.1.2.1 - Trade splits were changed as Order splits.

€.1.2.0 -To amend. the already executed quantity should be less than
the new amended quantity - Spec point was updated

£.2.2.1.8 - Institutional chents with ‘Regular’ brokerage profile will be
processed Real time.

8.3.26.18 - Removed - ‘Parent UCC amendment’.

6.1.1.12 - More clarity added.
€.1.1.13 = More clarity added.

(RN ——— T

Following spec points were updated.
68.1.3.16.2 - Added - Parent client's UCC and the broker's member
code

6.3.2.0.5 - Parent UCC amendments section was updated.

£.3.2.0.8 — More clarity added.

€.32.0.11 - Average price of the deal ticket will also be adjusted
reflecting the quantity amendment

6.3.2.23.1 - a3 notification will be displayed for the trades which need
authorization,

6.3.3.17 = Institutional was replaced by custodial.

£.3.5.10.4 - OTR splt average price. More clarity added.

€.4.1.15 - More clarity added.

6.4.1.17.3 - More clarity added.

€.5.1.5 - Bill - included to the list.

8.7 - parent order quantity will not be changed.

Following spec points were added to the spec.

6.1.2.11 - Deal ticket h3s Jg be closed at ECD.

6.1.2.16 - 'Delivery through Custodian’ tag can also be modified by the
user at EOD.

6.1.2.17 -~ Further process if 'Delivery through custodian’ tag is
changed.

61218 - Strategy OrderExample | —=-n-

Fig. J.2. Sample BRS revision history (page 8/154 of the trade-processing BRS (V1.08)_3i_final doc — project A).

The evolution of specifications leads to unmanageable targets for the team members, leading to a minimum level of team spirit. According to
respondent 03 from project A, “Ultimately, everybody came up with reasons to cover themselves. When I compare it to the other projects I worked on,
teamwork was low.” Due to these reasons, the project was dragged for three and one-half years. For example, respondent 02 mentioned that “It is
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almost at the exit procedure level. So, we were [in] discussion how we get out from the project, because it has dragged for so long, three and half
years.” The analysis of BRSs confirmed that the project was at an unmanageable level. For example, the BRSs had several versions, some were shared
with the client, some were internal versions, and even the business analysts were confused about the functions that had to be developed within
relevant deadlines. During the observations, the first author observed tensions between team members, where they argued and passed the re-
sponsibilities between team members. The team members were not friendly with each other; they were concerned about the project performance and
completing the assigned tasks on time. This indicated that the project was at an unmanageable level.

The above explanations indicate bidirectional dynamic information interdependency, where the dominant module (i.e., the trade-processing
module) and the submissive module (i.e., the fund-processing module) rely partially or fully on each other for deriving information (i.e., "bidirec-
tional") and the information interdependencies are not clearly identified (i.e., "undefined"). As explained above, it was difficult to establish formal
controls and the evolution of specifications created unmanageable targets for the team members, leading to a minimum level of team spirit. Thus,
outcome, behavior, and clan controls were identified as “auxiliary controls.” As the functions were not well elaborated, team members had more self-
control; thus, self-control was identified as “dominant control.” Based on the interview data, observations, and examining the nature of BRS updates,
the performance of project A was identified as "unstable."

We followed a similar approach in deriving three other types of information interdependencies (unidirectional permanent information de-
pendency, unidirectional temporary information dependency, and bidirectional permanent information dependency), control portfolios, and per-
formance of other projects.
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