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Abstract. Despite increasingly sophisticated programming languages, software
developer training, testing tools, integrated development environments and
project management techniques, software project failure, abandonment and
overrun rates remain high. One way to address this is to focus on common
systematic errors made by software project participants. In many cases, such
errors are manifestations of cognitive biases. Consequently this paper proposes
a theory of the role of cognitive biases in software development project success.
The proposed theory posits that such errors are mutual properties of people and
tasks; they may therefore be avoided by modifying the person-task system
using specific sociotechnical interventions. The theory is illustrated using the
case of planning poker, a task estimation technique designed to overcome
anchoring bias.
Keywords: Design Science, Software Engineering, Theory Development,
Cognitive Bias, Debiasing, Heuristics, Illusions

1 Introduction
Software development and maintenance constitute substantial economic activity – the
500 largest software companies employed 3,562,407 and accrued revenues of US$491
billion in 2010 [1] and total global information technology spending was US$3.2
trillion in 2009 [2]. The magnitude of this spending makes estimates of failure rates
far more alarming. Estimates of completely abandoned software development projects
vary between 10% and 44% while between 16% and 52.7% experience “major
truncation or simplification … prior to full implementation” [3, p. 17, 19]. More
recently, the success rate has been estimated at 32% with 44% “challenged” [4]. A
meta-analysis of estimation accuracy studies found an average effort overrun of
30-40% [5]. If civil-engineering projects had similar success rates, abandoned
buildings and half-built bridges would litter our cities.
This raises many questions. What causes software project success, abandonment
and failure? How should success and failure be measured? How can software project
outcomes be improved? Which causes of failure are reparable and by whom? For the
purposes of this paper, design (verb) refers to the act of creating a specification of an
object intended to accomplish goals in a particular environment using a set of

primitive components, subject to constraints where a specification may be a plan or
the object itself (adapted from [6]). A software design project then “is a temporal
trajectory of a work system toward one or more goals” [6, p. 116] where at least one
goal entails creating software.
Van de Ven [7] argues that completely understanding such complex phenomena
requires multifarious theoretical perspectives. This paper proposes a cognitive
psychology perspective – specifically, using the notion of cognitive biases to
understanding avoidable errors and how to address them in software design projects.
In summary, the purpose of the paper is as follows.
Purpose: to propose a theoretical framework of errors in software development
projects and their relationship to cognitive biases.
To this end, the paper is organized as follows. Section Two provides a brief review
of existing research on antecedents of project success and failure. This is succeeded
by an introduction to the basis for the proposed theory – cognitive biases (§3). The
proposed theory is presented in Section Four and evaluated in Section Five.

2 Existing Perspectives on Critical Success Factors in Software
Development
Both scientific and popular literature are rife with examples of high profile design
failures. Connected Earth’s new million-pound website was incompatible with nearly
all modern web browsers [8]. The British supermarket Sainsbury’s spent US$526
million on a supply chain management system that failed so dramatically that the
company had to hire 3000 people to move stock manually [9]. A recent study of a
computerized physician order entry (CPOE) system intended to reduce medication
errors found that the system caused patients to get the wrong medicine in 22 different
ways [10]. When Windows Vista was first released, consumers were so unhappy that
“more than one in every three new PCs [was] downgraded from Windows Vista to the
older Windows XP, either at the factory or by the buyer” [11, p. 1].
Many studies have listed diverse success, abandonment and risk factors for
software projects. Table 1 provides three exemplars. While identifying these factors is
useful to predict success and identify high-risk projects, many of the factors are
beyond project participants’ control. For example, changing requirements and unclear
objectives may be unavoidable. The most striking example is perhaps “executive
management support”. Noting low executive support is important for gauging risk but
it is not necessarily actionable. More generally, identifying factors associated with
success and failure is not equivalent to demonstrating causal relationships.

Table 1. Success, Abandonment and Risk Factors for Software Projects
#

Risk Factors [9]

Success Factors [4, 51, 52]

Abandonment Factors [3]

1

“Unrealistic or
unarticulated project
goals”

“User involvement”

“Unrealistic project goals and
objectives”

2

“Inaccurate estimates of
needed resources”

“Executive management
support”

“Inappropriate project-team
composition”

3

“Badly defined system
requirements”

“Clear business objectives”

“Project management and
control problems”

4

“Poor reporting of the
project's status”

“Optimizing scope”

“Inadequate technical knowhow”

5

“Unmanaged risks”

“Agile process”

“Problematic technology
base/infrastructure”

6

“Poor communication
among customers,
developers, and users”

“Project manager expertise”

“Changing requirements”

7

“Use of immature
technology”

“Financial management”

“Lack of executive support
and commitment”

8

“Inability to handle the
project's complexity”

“Skilled resources”

“Insufficient user
commitment and
involvement”

9

“Sloppy development
practices”

“Formal methodology”

“Cost overruns and schedule
delays”

10 “Poor project
management”

“Standard tools and
infrastructure”

11 “Stakeholder politics”
12 “Commercial pressures”

The non-actionable nature of many success factors and limitations in establishing
causality motivate a new theoretical approach. At least five criteria for this approach
are evident. First, the theory should clearly identify one or more antecedents of design
project success or failure. Second, the theory should be testable. Although this may
seem obvious, rationalism has a strong and destructive tradition in design research
[12]. Third, the theory should rest on a sound theoretical or empirical basis, derived
from existing theory or observation. Fourth, the theory should produce actionable

recommendations (e.g., ‘model requirements using scenarios,’ is more actionable than
‘ensure executive support’). Fifth, the theory should possess reasonable face validity.
The following section explores a potential theoretical basis – cognitive biases.

3 Cognitive Biases
“Cognitive biases are cognitions or mental behaviors that prejudice decision quality in
a significant number of decisions for a significant number of people” [13, p. 59]. For
example, default bias [14] is the tendency to choose preselected options over superior,
unselected options. Although dozens if not hundreds of cognitive biases have been
identified, most research considers only one or a few examples [15]. Consequently,
some biases seem to overlap. For example, the valence effect (the tendency to
underestimate the probability of negative events and the inverse) is very similar to
unrealistic optimism bias (the tendency to overestimate the likelihood of success).
Given the proliferation of similar and interconnected biases, it may be useful to
consider complexes of biases (“biasplexes”) rather than individual biases.
To date, I have identified twelve biasplexes with potential ramifications for
software development projects (Table 2). In the interest of space, however, this paper
focuses on two biasplexes (Table 3) – one well-known and one new. Biasplexes may
have both positive and negative consequences. For example, unrealistic optimism
may encourage people to produce unrealistic project schedules. This is the planning
fallacy [16], “the tendency to hold a confident belief that one's own project will
proceed as planned, even while knowing that the vast majority of similar projects
have run late” [17, p. 366]. The planning fallacy may lead to poor decisions and
project abandonment [3]. However, unrealistic optimism may also help people to cope
with stress [18].
Furthermore, biases (and biasplexes) may have at least four causes. First, heuristics
“reduce the complex tasks of assessing probabilities and predicting values to simpler
judgmental operations” [19, p. 1124]. For example, the anchoring and adjustment
heuristic [cf. 20] estimates quantities by increasing or decreasing an existing estimate.
This leads to anchoring bias, systematic insufficient adjustment from anchors among
decision makers. Second, cognitive illusions – incorrect, unconscious inferences [cf.,
21] – are not limited to the optical illusions that populate undergraduate psychology
textbooks. The illusion of control [22] for instance, may lead to excessive optimism,
i.e., optimism bias. Third, group processes may cause or exacerbate individual biases.
For example, groupthink [23] may lead to collective excessive optimism by inhibiting
critical thinking. Fourth, other individual psychological phenomena, here called
principles, may further create or exacerbate biases. For example, the Pollyanna
Principle [24] – the tendency to be overly positive in perception, memory and
judgment – may reinforce optimism bias.

Table 2. Twelve Biasplexes
Biasplex

Definition

Example Biases

Affective
Forecasting

a collection of tendencies to overestimate the
emotional impact of events

impact bias, hot-cold
empathy gap

Causality
Errors

a collection of tendencies to infer causal
relationships without sufficient evidence

actor-observer bias,
egocentric bias

Fixation

a collection of tendencies to
disproportionately focus on one aspect of an
event, object or situation, especially selfimposed or imaginary obstacles

design fixation,
negativity bias

“the tendency to give different responses to
problems that have surface dissimilarities but
that are really formally identical” [48, p. 88]

loss aversion, irrational
escalation

Memory Errors

a collection of tendencies to remember ideas
and events inaccurately

hindsight bias, selfserving bias

Miserly
Information
Processing

the tendency to avoid deep or complex
information processing [48]

confirmation bias, belief
bias

Overconfidence

the tendency to overestimate one’s own skill,
accuracy and control over one’s self and
environment

overconfidence effect,
restraint bias

Perception
Errors

a collection of tendencies to perceive
situations inaccurately

selective perception,
halo effect

Probabilistic
Reasoning
Errors

a collection of tendencies to err in numerical
reasoning about chance and uncertainty.

base-rate neglect,
subadditivity effect

a collection of tendencies that increase
disproportional preference for and defense of
the status quo

see Table 3

Resistance to
Self-criticism

a collection of tendencies to avoid
recognizing one’s mistakes or downplay their
significance

outcome bias, myside
bias

Unrealistic
Optimism

the tendency to to make overly positive
estimates and attributions

see Table 3

Framing
Effects

Inertia

Table 3. Unrealistic Optimism and Inertia Biasplexes Expanded
Biasplex

Unrealistic
Optimism

Bias

Definition

Wishful
Thinking

the tendency to underestimate the likelihood of a negative
outcome and vice versa [53]

Valence Effect the tendency to give undue weight to the degree to which an
outcome is considered as positive or negative when estimating
the probability of its occurrence [50]
Optimism bias the tendency for predicted outcomes to be more positive than
actual outcomes [54]
Normalcy Bias systematically “underestimating the probability or extent of
expected disruption” during a disaster [62, p. 273]
Endowment
Effect

“The tendency to demand much more to give up an object
than one is willing to pay to acquire it” [55, p. 252]

Belief
Perseverance

“the tendency to maintain a belief even after the information
that originally gave rise to it has been refuted or otherwise
shown to be inaccurate” [56, p. 112]

Anchoring
Bias

“The tendency, in forming perceptions or making quantitative
judgments of some entity under conditions of uncertainty, to
give excessive weight to the initial starting value (or anchor),
based on the first received information or one’s initial
judgment, and not to modify this anchor sufficiently in light of
later information” [56, p. 51]

Bandwagon
Effect

“the tendency for large numbers of individuals, in social and
sometimes political situations, to align themselves or their
stated opinions with the majority opinion as they perceive
it” (VandenBos 2007, p. 101)

Semmelweis
Reflex

unthinking rejection of new information that contradicts
established beliefs or paradigms [61]

Default Bias

the tendency to chose an pre-selected option regardless of its
superiority or inferiority to other options [57]

Inertia

Mere Exposure “the ... increased liking for a stimulus that follows repeated,
Effect
unreinforced exposure to that stimulus” [60, p. 231]
Validity Effect “the validity effect occurs when the mere repetition of
information affects the perceived truthfulness of that
information … the validity effect occurs similarly for
statements of fact that are true and false in origin, as well as
political or opinion statements” [58, p. 211]
System
Justification

the tendency to defend and reinforce the existing social order
[59]

Debiasing is the process of inhibiting or removing the effects of biases [25, 26]. As
many biases are highly robust (e.g., anchoring bias), debiasing may be extremely
challenging [27]. Fischoff [25] suggests that where biases are caused by faulty “but
perfectible” judges, they may be addressed by one of four increasingly potent
interventions – 1) warn participants about biases in general; 2) identify particular
biases in play and their magnitude; 3) provide feedback with personalized
implications; 4) extended training. Subsequent empirical research has found that the
first three of Fischoff’s interventions often fail [cf. 28, 29], leaving the often
expensive, sometimes impractical option of extended training. Fischoff however
further argued that biases may be addressed by restructuring the person-task system.
This strategy has been effective in software project management [e.g., 30] and other
domains [e.g., 31].
Of course, using cognitive biases to inform information systems and design
research is not new. Numerous studies have investigated cognitive biases in software
engineering [e.g., 20, 32, 33], information modeling [e.g., 34], engineering design
[e.g., 35], software project management [e.g., 36] and requirements determination
[37]. In design science research specifically, [13] used cognitive biases to generate
recommendations for decision support system development. However, a theory of the
role of cognitive biases in software projects remains elusive.

4 Toward a new Theory
This section uses three scenarios to introduce a cognitive, variance theory of design
project success. I begin with the scenario that inspired the theory.
Scenario 1. A seven-person software development team meets to estimate the time
required to implement a variety of features for a virtual learning environment (VLE).
The project manager describes a high-priority feature, a virtual gradebook. Robert, the
team lead and most experienced developer, envisions a spreadsheet-like interface and
estimates that it will take two days. Robert does not know that 1) the VLE needs to
support both numerical and alphabetical grades, 2) different departments use different
mappings, and 3) that the mapping criteria are not well documented. James, a junior
developer who is aware of these complexities intuits that the two day estimate is
insufficient and estimates that the feature may require three or four days, rather than
two. The feature eventually takes three weeks to complete and forces a delay in the
initial prototype, endangering the overall project.
In this scenario, James used the anchoring and adjustment heuristic to estimate the
feature development time. Anchoring bias caused a specific forecasting error, which
negatively affected the success of the project. To avoid exactly this type of error, the

software project management framework Scrum [38] includes planning poker, a
practice where developers choose estimates in secret and show them simultaneously.
Some empirical evidence indicates that “planning poker improve[s] the team's
estimation performance in most cases” [39, p. 23] by preventing participants from
anchoring on an initial estimate. This example motivated the proposed theory (Fig. 1,
Table 4).
Sociotechnical Interventions
Heuristics

Illusions
Biasplexes
Cognitive
Principles

Group
Processes

+

Errors

—

Design
Project
Success

Biases

Fig. 1. A Variance Theory of Debiasing Software Project Participants
Note: Filled arrows indicate causation; unfilled arrows indicate moderating effects; plus and
minus signs indicate direction of effect; unfilled diamond indicates aggregation.

As described above, bias(plex)es are caused by heuristics, illusions, group
processes and cognitive principles. As this relationship is squarely in the cognitive
psychology domain, it is included only for completeness and is not the focus of the
present research. In contrast, the relationship between biasplexes and errors and
between errors and success are primary concerns to understand software
development. Moreover, the moderating effect of sociotechnical interventions on
these relationships may provide the basis for much design research. Scenarios two
and three illustrate the use and usefulness of this framework.
Scenario 2. Following Scenario 1, suppose the same team has begun using planning
poker to prevent anchoring bias in task estimation. This time, the project manager
asks for an estimate for integrating the VLE’s gradebook with the university’s legacy
student information management system. Subconsciously, the developers are
inherently optimistic; they assume that they can make minor changes to the legacy
system (illusion of control), downplay the bureaucratic complexities of interacting
with the legacy system’s developers (optimism) and overestimate their own skill and

productivity (Pollyanna Principle). These factors mutually reinforce each other,
producing Unrealistic Optimism. The resulting error, an unrealistically optimistic
estimate from each individual during planning poker, produces a cumulatively
optimistic estimate, which threatens the project. While planning poker inhibited
anchoring and adjustment, participants’ shared optimism may still produce unrealistic
schedules. While reference class forecasting [40, 41] – an effective technique for
avoiding optimistic estimates – is readily available, a review of estimation methods in
use was “not [...] able to identify a single study reporting a dominant use of formal
estimation methods” [42, p. 228]. This raises the question, how can more effective
forecasting methods gain traction in this domain?
Table 4. Theory Constructs Defined
Construct

Definition

Examples

Heuristic

a process or method that simplifies assessing
probabilities or predicting values

availability, affect,
default

Illusion

an incorrect, unconscious inference prompted by
an external stimulus

illusion of control,
illusory superiority

Cognitive
Principle

a psychological disposition or tendency that
interferes with optimal judgment

Pollyanna Principle,
cognitive dissonance

Group Process

a shared psychological phenomenon that alters
cognition or perception

Groupthink,
firehouse effect

Bias

a predictable, systematic error

valance effect,
default bias

Biasplex

a complex of similar, mutually-reinforcing biases

unrealistic
optimism, inertia

Error

a deviation from optimal judgment

planning fallacy,
sunk cost fallacy

Sociotechnical
Intervention

a method, practice, technique, tool, program or
concept that changes the behavior of one or more
participants in a software development project

planning poker,
checklists

Design Project
Success

a multidimensional construct representing the
achievement associated with a software design
project from various stakeholder perspectives

developer learning,
user satisfaction,
client profits

Scenario 3. After circumventing some scheduling overruns, the VLE team is asked to
deliver a document sharing feature. One of the developers points out that Microsoft

SharePoint may be used for document sharing and that the university already has an
unlimited license for it. The project manager asks if SharePoint supports collaborative
editing, a desired aspect of document sharing. The developer responds with
uncertainty but suggests worrying about advanced features like collaborative editing
later while emphasizing how SharePoint is increasingly the default infrastructure
choice within the university. The team then builds a SharePoint-based system, which
delivers basic functionality in a familiar way but no more. This illustrates the
combination of the default heuristic, bandwagon effect and status quo bias (the Inertia
biasplex) producing a suboptimal decision. Alternatives including Google Apps,
which is free and supports collaborative document editing innately, were not
considered. This raises the question, what intervention could inhibit Inertia and
stimulate better alternative evaluation?
In Scenario 1, the development team experienced a threat to success with a causal
chain including the anchoring and adjustment heuristic, adjustment bias and a
forecasting error. The planning poker intervention inhibits this kind of error and,
being part of a popular project management framework, is commonly used in
software development. Scenario 2 is similar in that effective interventions have been
identified but different in that model-based forecasting has not caught on. Scenario 3
is also similar in that a biasplex manifests as a participant error; however, it differs in
that no specific intervention has been developed to inhibit Inertia in this context.
These scenarios illustrate the following four research streams implied by the proposed
theory.
1. What errors are produced by biasplexes in software design projects?
2. How and to what extend do these errors affect Design Project Success?
3. What sociotechnical interventions can ameliorate the effects of biasplexes and
resulting errors?
4. How can interventions be propagated through the software development
industry?
These questions reveal the interdisciplinarity of the proposed research. Question
one is behavioral research, which may be studied using both lab studies and
ethnographic approaches. Question two is amenable to ethnography, case studies,
surveys and econometric analysis of secondary datasets. Question three appears well
suited to the design science approach [43, 44] and possibly action research [45].
Question four is especially challenging and may involve aspects of critical social
theory, action research and social network analysis.

5 Conceptual Evaluation
Section Two identified five criteria on which to evaluate the proposed theory –
clear antecedents, testability, sound basis, actionable recommendations and face
validity. This section evaluates the theory with each criteria.
The proposed theory clearly identifies one class of design project success
antecedents – participant errors – and reveals one related causal chain. Isolating errors
in this way is motivated by the need to produce actionable recommendations. It does
not preclude other causal chains.
The theory is clearly testable. The causes of cognitive biases are already a major
subject of empirical study in psychology. Bias-induced errors may be both observed
in case studies and demonstrated in lab studies. The effect of errors on specific
problems and risks within a project is equally observable, at least through perceptual
measures; measuring success however remains challenging.
Cognitive psychology provides ample theoretical basis for the proposed theory.
Extensive literature on cognitive biases has developed over the past 40 years,with
many quality books and papers on the subject [e.g., 21, 25, 46-48]. As cognitive
biases affect everyone, mapping their established role into software development
projects should be uncontroversial in principle.
The proposed theory produces two types of recommendations. The more general
recommendation is to address common errors in software projects with sociotechnical
interventions that modify the person-task system, inhibiting biases so that the errors
do not manifest. More specific recommendations comprise the interventions
themselves. For example, preliminary analysis suggests that Inertia may be inhibited
by designating a Devil’s Advocate during decision-making or drawing a high-level
design tree showing previous decisions and alternatives. More generally, the theory is
useful for stimulating hypotheses about particular errors. For example, one may
hypothesize that Unrealistic Optimism will manifest as inflated expectations among
clients and intended users, which would increase the chance of disappointment (cf.
Expectation Confirmation Theory [49]).
Finally, this paper attempts to demonstrate face validity by using three scenarios
(above) to illustrate the causal chain. The idea that software project participants fall
prey to cognitive biases resulting in errors seems uncontroversial. As biases are
systematic and predictable, it appears credible to hypothesize that the resulting errors
will also be credible and predictable. The more difficult questions are the extent of
success variance explained by these errors and what interventions may avoid them.

6 Conclusion
This paper’s contribution is twofold. First, it introduces the term “biasplex” and
identifies 12 such interconnected sets of cognitive biases. Second, it proposes a theory
of debiasing software development projects including a chain of antecedents for
software design project success and its relationship to sociotechnical interventions for
debiasing participants. Conceptual evaluation of the theory appears promising and
methods for empirical evaluation are suggested. Future research (in progress) entails
hypothesizing common errors caused by each biasplex (Table 2), organized both by
participant and by design activity, then identifying evidence of these errors in a series
of case studies. This may be followed by developing interventions and testing their
effectiveness in reducing the supported errors.
The proposed theory has several limitations. First, it focuses on a single antecedent
of Design Project Success (but does not imply that this is the only or primary
antecedent). Second, Design Project Success is not well understood, difficult to define
and challenging to measure. Third, at this stage no characteristics of successful
interventions can be stated other than noting that modest training on biases has been
ineffective while extensive, rapid, personalized feedback or changing the person-task
system has been effective in previous studies. Finally, as empirical evaluation is still
ongoing, the theory is evaluated conceptually. While conceptual evaluation is
inherently limited, it is appropriate for this type of greenfield research-in-progress.
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