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The identification of plausible desirable and undesirable future events is fundamentally a cognitive process of
prospecting possible futures. Yet, organizational practices designed for the identification and management of
these uncertain futures, specifically project risk management, heed little attention to the role of cognition in
these processes. Building on the theory of ‘pragmatic prospection’, we address this gap and examine the cognitive
processes involved in prospection of desirable vs. undesirable project futures while identifying opportunities vs.
risks. Empirically, we analyse the information search behaviour and post-hoc search verbalization in an exper-
imental project risk and opportunity identification task. We find that risk identification relies often on simpler
approaches with lower cognitive load, while opportunities triggered more explicit information search strategies
and were more prone to evoke agency within the imagined futures. These findings challenge the assumption —
widely held in risk management practice — that risks and opportunities can be approached by the same processes.
We conclude with an outlook on how a better understanding of the involved cognitive processes can support

foresight activities in project planning and beyond.

1. Introduction

We live in a ‘projectified society’ where formal projects have become
the main mode of shaping an uncertain future for both business and
society (Lundin, 2016). There has been growing awareness concerning
the role of the subjective perception of future uncertainty to understand
the future-making activities in projects (Comi and Whyte, 2018; Djuricic
and Bootz, 2019). Such an approach considers future uncertainty as a
‘state of mind’, which is subjectively perceived (and often negotiated or
constructed socially) by project actors (Aven and Renn, 2009; Winch
and Maytorena, 2011). Yet, this subjective perception of future project
uncertainty is typically considered either as collective phenomena, such
as (prospective) sensemaking (Pitsis et al., 2003; Sakellariou and Vec-
chiato, 2022), or, if concerned with individual cognition, focused on
biases concerning judgements about the future (e.g. Flyvbjerg, 2008;
Lovallo and Kahneman, 2003). Yet, in projects as entangled processes of
planning and acting (Comi and Whyte, 2018), we need to consider in-
dividual cognition concerned with an uncertain future more broadly
than simply as misguided estimates. Instead, we suggest to investigate
how individuals form their projections of plausible futures in projects.
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Despite high attention towards project uncertainty in terms of its
nature (Daniel and Daniel, 2018), its perception (Sanderson, 2012), and
its management (Ward and Chapman, 2003), the project literature offers
no insights into how individuals form images of different plausible fu-
tures for their projects. Yet, better understanding how these insights are
formed is crucial, as they can become a determinant of project dynamics
(Engwall, 2003), drive engagement or disengagement in the project
(Kreiner, 2014; Pinto and Patanakul, 2015), and inform decisions on
courses of action in a project (Meyer, 2014).

To gain better understanding how individuals form images of plau-
sible project futures, we turn to cognitive psychology. Framed as either
processes of pragmatic prospection (Baumeister et al., 2016) or episodic
future thinking (Atance and O’Neill, 2001), this body of research has
studied processes through which individuals construct plausible future
scenarios. One of the most central findings in the literature, are the
substantial differences in the processes around the prospection of
desirable and undesirable futures (Baumeister et al., 2001, 2016; Oet-
tingen, 2012; Shepperd et al., 2013; de Vito et al., 2015). A notable early
example of this line of research in psychology is prospect theory (Kah-
neman and Tversky, 1979), suggesting a skewed valuation of potential
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losses, over potential gains. However, more recent research has found
such differences in cognitive processes not only in the act of evaluating a
future, but also in the construction of desirable v undesirable future
scenarios (Baumeister et al., 2016; Monroe et al., 2017; de Vito et al.,
2015). However, while establishing that construction of desirable vs.
undesirable future scenarios are different cognitive processes, we still
have limited understanding about how they differ, which is the core
focus of this paper.

We find the distinction between desired and undesired futures
mirrored in the most common practice for managing project uncer-
tainty: project risk management (Ward and Chapman, 2003). Project
risk management typically distinguishes between uncertain effects that
create negative project outcomes (‘risks’) or positive outcomes (‘op-
portunities’) (Hillson, 2002). Yet, other than cognitive psychology,
research and project risk management practice have called for an inte-
gration of the two concepts (Chapman and Ward, 2011; Hillson, 2002;
Olsson, 2007; PMBOK Guide - Sixth Edition, 2017), rather than a
separate treatment. Yet, acknowledging and characterising the differ-
ences in cognitive processes when imagining desirable or undesirable
futures could help design better processes for leveraging the human
ability to imagine novel futures that provide the foundation for project
planning and execution. The purpose of this research is therefore to
identify and characterise differences between the cognitive processes at
play, when individuals imagine desirable or undesirable project futures.

Based on quantitative and qualitative experimental data and struc-
tured interviews with 42 individuals, we analyse the cognitive processes
in the prospection of desirable and undesirable project futures. The
research method is an abductive, mixed-method approach, based on the
active information search methodology (Huber et al., 2011).

Our results indicate that the formulation of undesirable futures tends
to lead to a more passive engagement with the project, thus reducing
aspects of planning or mentally adapting the plan to identified obstacles.
Conversely, we found that looking for concrete opportunities is cogni-
tively more demanding and triggers more active thoughts related to
overcoming barriers and construction of concrete future scenarios.
These findings both add to, and challenge previous findings that had
indicated that individuals would construct desirable scenarios with
more ease, compared to undesirable scenarios (de Vito et al., 2015).

Our research contributes to project studies, cognitive psychology,
and the practice of project risk and opportunity management. For
project studies, we contribute to the growing body of behavioural
studies on projects (Stingl and Geraldi, 2017) by offering novel under-
standing to how project futures are subjectively constructed. For
cognitive psychology, we discern two different cognitive processes at
play when individuals imagine an uncertain future. For practice, the
findings challenge the notion that project risks and opportunities should
be tackled with the same techniques, and provide an outlook how
changes in practice can enhance practitioners’ ability to holistically
explore project futures.

2. Theoretical foundations
2.1. Management of uncertainty in projects

Despite the increasing attention to the role of human behaviour for
project organizing under uncertainty (Stingl and Geraldi, 2017), the
dominant practices in the management of projects still draw widely from
project management’s technocratic origins (Morris et al., 2011).
Consequently, we find that the main modes for exploring and managing
project uncertainty relate to defined processes of planning, and the
identification of potential deviations from such plans due to unforeseen
or uncertain trends or events (PMI, 2019; Ward and Chapman, 2003).
These deviations are typically conceptualized as negative plan deviations
(‘risks’) or positive plan deviations (‘opportunities’) (Hillson, 2002),
which are identified, assessed, responded to, and monitored in a
continuous process (Raz and Hillson, 2005).
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However, practitioners and academics increasingly question the
value of these established practices for management of uncertainty in
projects (Willumsen et al., 2019), and have criticised the underlying
notion that project uncertainty is merely a ‘state-of-the-world’ that can
be uncovered through rigorous processes (Winch and Maytorena, 2011).
The ‘state-of-the-world’ view, in its pursuit of objectivity and ‘de-
biasing’ uncertainty management (cf. Flyvbjerg, 2008), provides only a
myopic perspective on how project practitioners create new prospections
and imagine desirable and undesirable scenarios therein. As expressed by
Winch and Maytorena ‘[p]Jrojects are fundamentally about states of mind; it
is only once they are completed that they become states of nature’ (Winch
and Maytorena, 2011:360). This is in line with other studies that high-
light that people in projects continuously engage with the future (Pitsis
et al., 2003), using discourse (Musca et al., 2014) or artefacts (Comi and
Whyte, 2018) to “giv[e] form to what is ‘not yet’” (ibid., p. 1055). In this
view, plans and the explication of risks and opportunities are thus not
objective outcomes, but materializations of individual or shared pro-
jections about possible futures (Kreiner, 2014; Pitsis et al., 2003).

As the concepts of risk and opportunity are thus central artefacts for
uncertainty management in projects, it is essential to understand how
they are developed and explicated through processes of imagining
alternative project futures (Rowland and Spaniol, 2015). Despite placing
individual agency at the centre of prospection, project research has thus
far focused on the collective development of these projections, partic-
ularly building on sensemaking theory (Sandberg and Tsoukas, 2015).
However, individual cognition — that is the processing of information
through the individual - is the foundation to understand collective
sensemaking (Weick, 1995), yet project studies provides limited insights
on individual cognition beyond notions of biased decision-making
(Stingl and Geraldi, 2017). With this study we therefore focus on pro-
specting as process of individual cognition, understanding it as a core
contributor and foundational building block of collective processes.

2.2. Prospection of desired and undesired future outcomes

Imagining future outcomes requires the individual to mentally
simulate possible future scenarios and anticipate how one will experi-
ence those futures. In their seminal article, Gilbert and Wilson (2007)
introduced the term ‘prospection’ (as antonym to ‘retrospection’)
defined as a ‘pre-feeling’ of the future, in other words a prediction of
one’s emotions in a possible future situation. Since then, ‘prospecting’
has become an umbrella term for any cognitive activity concerned with
the future, most notably expanding to non-affective forecasting (Shep-
perd et al., 2013; Tetlock and Gardner, 2016), that is, forecasting that is
based on pre-established future scenarios.

In their ‘pragmatic prospection theory’, Baumeister et al. (2016)
expand prospection from previously investigated questions of prediction
and forecasting, by a ‘pragmatic’ element that focusses on potential
actions of the prospecting individual. Pragmatic prospection, thus, is
defined as ‘thinking about the future in ways that will have practical utility
[..] that will guide action’ (ibid., p. 4). It can thus be considered as an
extension of theories on ‘episodic future thinking’ (EFT; Atance and
O’Neill, 2001), as it not only positions the prospecting individual at the
centre of the future scenario, but also highlights the individual’s role as
active actor in these scenarios.

The theory conceptualizes prospection as the creation of a ‘matrix of
maybes’ (Baumeister et al., 2018) that acknowledges the plasticity of the
future and the agency that the prospecting individual has in this future.
It is therefore entangled with processes of conscious planning, which are
core in projects. Integrating Oettingen’s work on fantasy realization
theory (Oettingen, 2012; Oettingen et al., 2001), pragmatic prospection
theory proposes that prospecting is a cognitive process comprising of a)
the definition of desirable outcomes, and b) subsequent exploration of
obstacles and threats related to one’s actions for reaching these out-
comes. Kappes et al. (2013) found that higher self-agency in the plan-
ning step (i.e. self-defined desirable outcomes) created higher attention
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to challenges and obstacles to the plan. Similarly, Monroe et al. (2017)
showed that actively engaging in thinking about one’s own future
reversed the otherwise typically reported over-optimism of forecasts
(Shepperd et al., 2013) and made individuals more attuned to possible
negative outcomes. Proponents of the theory thus argue that the pro-
posed duality of pragmatic prospection — embracing both optimistic
formulation of self-defined, desirable goals, and attentive exploration of
possible obstacles — allows explaining diverging findings of either over-
optimism or pessimism in different studies on prospection (Baumeister
et al., 2016).

This distinction between cognitive engagement with desirable and
undesirable potential futures parallels other findings in cognitive sci-
ence that indicate that the human mind treats desirable or undesirable
expectations differently. Most notably, Kahneman and Tversky’s influ-
ential prospect theory (1979) suggests that people value the pains of
potential future losses asymmetrically higher than benefits of potential
future gains. Other relevant findings relate to skewed predictions to-
wards desired outcomes (Shepperd et al., 2013; Weinstein, 1980), or the
stronger effect of previous negative experiences (as compared to positive
experiences) when making predictions (Baumeister et al., 2001). Simi-
larly, within the body of episodic future thinking, de Vito et al. (2015)
found that individuals were able to construct of desirable future sce-
narios with more ease, than undesirable ones.

Thus, the discussed cognitive literature provides strong indication to
distinguish prospections of desirable and undesirable futures, suggesting
different underlying cognitive processes. However, the findings remain
opaque when it comes to how these different cognitive processes relate
to the identification of any such desirable or undesirable futures (as
opposed to the insights on cognition around the assessment of likelihood
or impact around pre-defined potential future scenarios).

Consequentially, and connecting the context of project uncertainty
and prospection, the question guiding our research is: What are the dif-
ferences between the cognitive processes engaged in the prospection of
desirable or undesirable project futures?

3. Methods

To research the cognitive processes engaged in the prospection of
desirable and undesirable project futures, we are interested in how in-
dividuals search for pertinent information, and integrate this informa-
tion in the formulation of future scenarios. To this end, this study follows
an abductive methodology (Haig, 2005; Ward et al., 2018), which allows
integrating rigorous phenomena detection methodologies from the
hypothetico-deductive approach with inductive approaches for theory
construction. This approach is suitable when established theories per-
taining to the empirical phenomena under study exist, yet they are
inconsistent or incomplete to allow rigorous a priori hypothesis devel-
opment. Considering the limited knowledge on cognitive processes
involved in prospecting desirable/undesirable project futures and its
complementary theoretical explanations, abductive methodology is
appropriate to our study.

Following Haig's (2005) abductive approach, we start with
controlled and quantitative data collection through an experimental set-
up focused on identification of desirable/undesirable project outcomes
to observe (albeit indirectly) how the human mind prospects different
project futures. The experiment was followed by qualitative data
collected through a post-experimental, structured interview. This
approach generates both quantitative data for exploratory analysis in
the phenomenon detection step of Haig’s (2005) model, and qualitative
data for grounded analysis and theory construction. The next sections
describe and justify our sample strategy, experimental design and
quantitative and qualitative approaches.

3.1. Sample

We sought a sample of participants who are familiar with a certain
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type of project, to be able to imagine desirable or undesirable outcomes,
but not highly experienced nor exposed to the social intricacies and
politics involved in formalized processes of risk management. Famil-
iarity with the context is important because prospection is shaped by
past experiences for both assigning meaning to specific aspects of a
situation, and for mentally simulating futures based on abstract causal
understanding (Atance and O’Neill, 2001; Baumeister et al., 2001;
Seligman et al., 2013). Thus, to construct meaningful prospections, in-
dividuals need to have some general understanding of the project, its
contextual characteristics, and typical dynamics. At the same time, we
avoided experience and training in traditional risk and opportunity
identification processes, as they are likely to shape particular modes of
engaging with the future scenario (Kahneman and Klein, 2009; May-
torena et al., 2007). Lack of professional training allows us to investigate
shared and innate cognitive process, rather than modes of prospecting
that are induced through existing professional practice and training in
risk and opportunity identification.

We found a suitable population in second year Master students from
Danish universities where most of the academic deliveries are project-
type group assignments. These assignments typically require the de-
livery of a unique output within constraints of time and resources, such
as a prototype, a consultancy report, etc., and the students have to plan
and execute work independently and in different teams at each class.
Despite their experience in this kind of projects, they receive typically no
systematic training in risk management. Thus, this population has the
required common experience in one project setting while also being void
of pre-conceptions formed through professional training and experience.

Using student as subjects to investigate judgement and decision
behaviour is highly contested in fields that build on contextual experi-
ence, which can be as mundane as homemakers’ consumer choices
(Peterson, 2001), as highly specialized as software requirement engi-
neering (Berander, 2004), or take place in contested arenas such as
politics (Druckman and Kam, 2011). Nevertheless, student subject
research is an established practice to investigate problems of cognitive
psychology, which are more concerned with uncovering innate cogni-
tive processes than the relative distribution of behavioural patterns. The
tradition of research with student subjects to discover and theorize
about cognitive processes has been favoured in the works of Tversky and
Kahneman (1974) in uncovering fundamental heuristics at play in
judgement formation. Similarly, it is at the foundation of Baumann and
colleagues” work leading to the proposition of pragmatic prospection
theory as a novel way to theorize about how people engage cognitively
with the future. Our research problem is similarly interested in the
innate processes of future cognition in project settings, aiming to theo-
rize in a field that is relatively scant in such theoretical explanations. We
thus argue that research with student subjects will allow us to identify
and describe basal cognitive processes of prospection in projects — yet
with the limitation that those will not illuminate the relative prevalence
of these processes in the prospecting of experienced practitioners.

The sample consisted of 42 Master students with an experience of at
least five project works in the past year. The sample was heterogeneous
in terms of nationality and study field (see Table 1), whereas all students
were enrolled in either a technical or a business Master program.

Following common practices in experimental research at our uni-
versities, participants received a compensation of 100 DKK (ca. 15 USD)
and were, after successful completion of the experiment, eligible to enter
a lottery for a 1000 DKK (ca. 150 USD) shopping voucher.

3.2. Experimental design

We use the Active Information Search (AIS; Huber et al., 1997) to
design the experimental set-up. The method is an inverted interview
setting, in which the participant actively requests information about an
unknown scenario, to complete a specific decision or judgement task.
That is, the participant can freely explore the information space, without
guidance from the experimenter, and receives information in a
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Table 1
Overview of participant demographics.”
Total 42 (14 female)
Age 23.9 (o: 1.64; min: 20; max: 30)
Nationality French (7), German (5), Greek (5), Danish (4), Italian (3),

Indian (3), Spanish (3), Chinese (2), Norwegian (1),
Romanian (1), Estonian (1), Russian (1), Turkish (1), USA
(1), Dutch (1), Iranian (1), Hungarian (1), Polish (1)
5-10 group works: 32

more than 10 group works: 10

Engineering: 18

Technical Design: 6

Management/Business: 18

Project group work"
experience
(Current) study field

@ Project work defined as: “Assignments that have a clear deliverable (report,
prototype,..) and require project-like self-organization (setting goals, dividing
tasks, scheduling & planning, ...)".

b Our sample started with 43 students. One participant was removed from the
sample because of a misinterpretation of the task that lead to insufficient
engagement with the scenario.

standardized form. AIS has been successfully applied to study the risk
identification behaviour of construction practitioners (Maytorena et al.,
2007; Winch and Maytorena, 2009), and provides a naturalistic
approach to capture participants’ information search behaviour associ-
ated with exploring plausible project futures. It therefore provides a
glance into the actual cognitive processes at play in prospecting desir-
able/undesirable futures — by proxy of the individual’s information
search behaviour -, and is hence appropriate to our study. Other than
Maytorena et al. (2007) and Winch and Maytorena’s (2009) study, our
experimental setting uses a computer-aided approach, in which the
participant can browse a graphical interface to acquire information, and
report the risks or opportunities identified in their prospected scenarios.
We opted for the computer-based approach to facilitate data collection
and reduce bias through the experimenter.

The experiment followed an inter-subject design, assigning partici-
pants to one of the two treatments labelled ‘Risk’ or ‘Opportunity’.
Participants in each group had to explore the same simulated project
scenario. Depending on their group, they were asked to identify events
or conditions that may have a negative (risks) or positive (opportunities)
effect on project outcomes. 19 participants were part of the ‘Risk’ group,
and 23 of the ‘Opportunity’ group.

The scenario used in the experiment was based on insights gathered
through six problem-centric interviews (Witzel and Reiter, 2012) with
individuals from the target population (not part of the sample). The
interviews revealed the heterogeneity of a) desirable outcomes (e.g.
grades, work atmosphere, ‘learning something useful’), and b) the
contextual factors that were perceived as creating risks or opportunities
for these outcomes. For example, the participation of an exchange stu-
dent was sometimes perceived as a risk to work atmosphere, as their
expected lower participation could create tensions in the group. Or,
working with a company during the project was sometimes seen as an
opportunity for learning more about professional practice and building
up contacts, thus creating personally beneficial outcomes. We organized
these factors as 58 cues in three categories, which formed the scenario
information that participants could browse throughout the experiment
(see Appendix A). The design and set-up was tested with ten individuals
from the target population (not part of the sample) to ensure compre-
hensibility, completeness, and technical functionality.

In the experiment, the participants interacted on a computer with a
graphical interface, seated in a controlled laboratory environment. The
participants could freely browse cues through topical buttons, organized
by categories. Furthermore, the interface allowed participants to make
notes in a text field, and to enter the identified risks or opportunities
through an input mask. Participants could review and edit risks or op-
portunities anytime during the experiment. All interaction with the
interface was recorded.

The experiment was preceded by a short trial-phase, using an
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unrelated scenario for familiarization with the interface. The experiment
itself was limited to 12 min, indicated by a clock on screen. The time
limitation created an indirect constraint for information availability,
thereby simulating the typical incompleteness of information in project
practice, and the need to focus the information search. The time-limit
was established throughout the piloting of the experiment as suitable
for creating time pressure while still allowing for reflection. The
experiment was followed by a short post-experimental interview (7-12
min; see Appendix D). Appendix A provides an overview of the collected
data; Appendix B explicates further details of the experimental setup.

3.3. Quantitative step: operationalization of information search behaviour

Following our abductive approach, we developed a measure for in-
formation search behaviour through several iterations between the data
and the literature in cognitive psychology on search behaviour (Hills
et al., 2015) and problem solving (Novick and Bassok, 2005). These
bodies of literature suggest shifts in information search patterns,
depending on the cognitive processes in play — e.g. for the exploration/
exploitation dichotomy (Hills et al., 2015), or contrasting information
processing (Kaplan and Simon, 1990; Mumford et al., 1994) and insight-
seeking approaches (Helie and Sun, 2010; Luchins, 1942) for problem
solving. We found distinct patterns of information search with regards to
how strongly an individual followed the sequence of information pre-
sentation in their acquisition of new information. Thus, we used the
sequence of external information acquisition, i.e. the order of cues
accessed, as observable indicator for the external search behaviour. To
quantify search behaviour, we thus introduced Sequentiality as measure.

We assumed that information acquisition that widely followed the
presentation order (‘strong sequentiality’), i.e. clicking the buttons in
sequence of their presentation in the interface (Fig. 1, left), indicates the
absence of a preconceived idea on which information is pertinent to the
task. Thus, information gathering follows convenience rather than
planning. Conversely, we assumed that a strong deviation from the
presentation sequence (‘weak sequentiality’), both in order and in di-
rection, indicated concrete ideas on where to find relevant information.
Appendix C provides a detailed description of the sequentiality measure.

3.4. Qualitative analysis of information search behaviour

The second step was a short, structured post-experimental interview
to investigate the participants thought process when identifying risks/
opportunities. The qualitative data analysis added depth to the charac-
teristics of the information search behaviour by providing insights on
their use of concrete autobiographic details (de Vito et al., 2015).
Moreover, it revealed explicit strategies that the participants employed
for constructing a concrete project future, and gave insights on their
experience of the task. The statements concerning strategies and
reasoning from the interviews were furthermore triangulated with the
recorded behaviour throughout the experiment, in particular the re-
ported risks or opportunities and the topical sequence of retrieved
information.

The qualitative analysis followed the inductive ‘Gioia’-method
(Gioia et al., 2013) through which we iteratively connected informant-
centric 1st order concepts, with theory-centric 2nd order themes that
we aggregated into three dimensions. For the analysis, we first created
individual case vignettes for each of the participants. We focussed the
analysis on categories that related to statements and observations that
revealed how participants perceived the task, strategies in how they
approached the task, and characteristics of their reported risks/oppor-
tunities. We iterated the emerging 1st order concepts through a prag-
matic prospection theory lens. Moreover, we also reflected on findings
from a re-analysis of raw data graciously provided by Maytorena and
Winch (2007; 2009) from their earlier AIS study (findings not pub-
lished). This step produced seven 2nd order themes that we further
aggregated into three dimensions (see Fig. 2 - Data structure). The first
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Information search following
presentation order
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Weak sequentiality
Information search following an erratic
pattern

Fig. 1. Extreme cases of information search behaviour, operationalized as sequentiality of information acquisition (related to information presentation).

1%t order
concepts

« Clear starting point
* Clear search strategy
* Rationale for search strategy

« Moment of insight
* Phase of orientation

* No verbalized search strategy or starting
point

« Relates to explicit/single characteristics
= Relates to superficial situational similarities

+ Relates to abstract characteristics
- Relates to relational situational similarities

« Consideration of self-generated knowledge
- Active planning, proposed actions
= “I” or “we” statements

+ Only consideration of given information
« “They” statements

2nd order Aggregate
themes dimensions
Explicit ‘
. Search
Emerging ‘
‘ strategy
Absent :
Superficial
Information
use
Relational
High agency ]
Aspects of
planning

Low agency ‘

Fig. 2. Data structure.

author developed based on the resulting data structure a coding scheme
(see Appendix E) that the second author applied to code a sample of the
data to ensure a high level of inter-coder alignment. The 2nd order
themes within the aggregate dimensions allowed further to explore
differences in information search behaviour between the individuals in
the opportunity or the risk group, to further theorize on the differences
in the applied cognitive processes.

4. Results

The data suggests that the prospection of desirable and undesirable
futures, and the identification of concrete risks and opportunities within
these scenarios, induces significantly different information search
behaviour. Specifically, we found tendencies towards stronger sequen-
tiality of the information search in risk identification (convenience-

based information search) and towards weaker sequentiality in oppor-
tunity identification (deliberate information search). The subsequent
qualitative analysis explored the differences in cognitive processes. We
found that participants in the Opportunity group were generally more
able to verbalize their information search strategy, engaged more often
in planning aspects related to the situation, and some individuals inte-
grated acquired information in a manner that was more complex and
relational manner than the participants in the Risk group. Overall, the
individuals in the Opportunity group were more engaged in constructing
rich future scenarios, whereas the individuals in the Risk group tended
to identify and explicate risks without prior construction of concrete
future scenarios.
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4.1. Sequentiality in information search

We found that the Risk group had a higher tendency to follow the
presentation sequence than the Opportunity group. A Wilcoxon signed-
rank test indicated that the average proximity score of the Risk group
was significantly lower than for the Opportunity group (W = 322.5,p =
0.009). Similarly, a Wilcoxon signed-rank test indicated that the average
variance of proximity in the Risk group is lower than in the Opportunity
group (W = 337, p = 0.002).

The right tail of the distribution drives this difference (see Fig. 3 and
Fig. 4): only 15.8 % of the Risk group have an average proximity score of
greater 0.75, compared to 52.2 % of the Opportunity group, and no
individual of the Risk group has a proximity score exceeding 1.0,
compared to 21.7 % of the Opportunity group. We found a similar
tendency for variance, whereas 42.1 % of the Risk group had a proximity
score variance of greater 1.0 compared to 69.6 % in the Opportunity
group, and none of the Risk group had a proximity score variance greater
1.25 compared to 39.1 % of the Opportunity group.

We thus confirm our assumption, that the identification of risks v.
opportunities engages different search behaviour therefore indicating
different underlying cognitive processes. To explore how these differ-
ences in information search behaviour manifest, we turned to a quali-
tative analysis of the data.

4.2. Information search strategy

Through the juxtaposition of post-experimental interviews and in-
formation search behaviour in the experiment, we could identify three
types of search strategies that were used at different frequencies in the
Opportunity and Risk group: deliberate, emerging, and passive
(Table 2).

4.2.1. Deliberate search strategies

We found that individuals in the Opportunity group tended to use
emergent or deliberate search strategies, and were overall better able to
verbalize and justify their search approach than the individuals in the
Risk group. All of the participants in the Opportunity group justified
what information they looked for and why, when asked about their in-
formation search strategy, with 10 of 23 of them expressing a deliberate
search strategy consistent with their observed behaviour. Among those
that did not start with a deliberate strategy, some expressed uneasiness
regarding the lack of initial strategy. For example, one of them answered
to the question whether she had followed a strategy: ‘Frankly not. I would
have liked to have had a strategy but basically I started looking at the general
stuff.” Conversely, within the Risk group, only three individuals were
able to verbalize a deliberate strategy that was consistent with the
observed information search behaviour.

10.0-

5.0-
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Fig. 3. Histogram of average proximity score by treatment.
O - Opportunity group; R - Risk group.
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Fig. 4. Histogram of variance (as standard deviation) of proximity score by
treatment.
O - Opportunity group; R - Risk group.

Table 2
Frequency count of different information search strategies (coded per
individual).

Risk (N = 19) Opportunity (N = 23)
Passive 9 (47 %) 0 (0 %)
Emergent 7 (37 %) 13 (57 %)
Deliberate 3 (16 %) 10 (43 %)

Both Risk and Opportunity groups relied on similar types of deliberate
strategies. The first strategy was guided by a desired/undesired outcome,
that is, the search for information aimed to construct opportunities/risks
that would create a desired/undesired outcome, e.g. ‘I was mainly looking
for things where people would [get in] conflict’. The second strategy was to
search for specific and known desirable/undesirable conditions. In the
Risk group, this strategy was manifested in the use of a deductive
strategy to check for a particular type of risk, such as mismatch between
the team member’s skills and the skills needed to complete the project.
In the Opportunity group, participants looked particularly for aspects
that they had potential to act on, as the following report illustrates: ‘The
group assignment is set; there is nothing you can do about that so there is no
need to worry about it that much. [..] But I think it’s the members and how
they approach a group work and how they work together and how they
contribute and supplement each other that’s key for a project.” Later he
specified: ‘I think there are certain elements in this where you want diversity
[in group members]. And then there are some elements where you don’t want
diversity [..] you also want the right level of diversity.” The third strategy,
present only in the Opportunity group, was to use a guiding idea to
create opportunities. Most often participants pursued the idea of task
division to increase efficiency and quality, and searched for information
useful to plan the division of the task among the group members.

4.2.2. Passive search strategy

Contrary to the deliberate search strategies most prevalent in the
Opportunity group, nearly half of participants of the Risk group were not
able to formulate what guided their search, other than following the
presentation of information. These individuals would state that they
were ‘browsing’ or ‘trying to find what can be relevant’ — rather than
stating specific information areas that were of relevance to them. Others
were able to recall the order in which they searched through the infor-
mation but could not give a specific rationale for their search focus.
These individuals did not express discomfort with the absence of a more
deductive information search strategy, nor post-rationalized their search
behaviour. Many of them stressed explicitly that they were following the
information presentation, using statements such as ‘I went through [the
information] chronologically’ or ‘I just started with the exact order of the
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icons. [..] I just kept on browsing.’ Yet, despite a passive search strategy,
these individuals were able to identify and report risks in similar
numbers as the rest of the Risk group. They did so, not by actively
searching and integrating information, but by recognizing and reacting
to specific cues. For example, one participant stated ‘I was going in order
[of the information] basically, [..] I didn’t know what’s coming I was just
going right away and wrote the first risk that came into my mind’. Another
reported, “I read that and this made me think ‘oh yeah, in this group we had
this situation’!”

4.2.3. Emergent search strategies

13 individuals of the Opportunity group and seven of the Risk group
were classified as emerging strategy, characterised by two types of
behaviour. First, some of these individuals, most notably in the Risk
group, were able to justify the focus of their information search. How-
ever, their described strategy was not consistent with the observed
search sequence in the experiment. This inconsistency indicated a post-
rationalization of search strategies that these participants did not
consciously experience.

In the Opportunity group, in contrast, we noted emerging strategies
not only in the post-rationalization, but also denoting a change in the
search strategy during the experiment. For example, one participant of
the Opportunity group made the following clear strategy verbalization
‘The most important thing is that we have to divide the task between ourselves,
so I looked at people’s weaknesses and strengths, their background and how
busy they are.” However, this participant only looked during the final
minutes of the experiment into these particular parts of the information,
indicating that the verbalized strategy only emerged throughout the task.
Similarly, several participants described moments of insight, which
helped them restructure how they approached the task. For example, a
participant in the Opportunity group stated ‘At the beginning I didn’t quite
know where to begin so I started at the very top, but then I decided to go more
for: What are their ambitions? What do they actually expect from this?’

Overall, we found that individuals in the Opportunity group tended
towards more reflective and deliberate information search strategies
when approaching the opportunity identification task. They relied more
on deliberate strategic schemas to search for and categorize the avail-
able information, and deduct potential opportunities. Contrarily, in-
dividuals in the Risk group were more at ease with the absence of a
deliberate information search strategy, collecting information rather
through convenience than targeted search, and identifying risks through
recognition, rather than deduction. This particular latter pattern be-
comes even more visible when we compare how the participants
formulated risks and opportunities.

4.3. Structural differences in identified risks and opportunities

The task of identifying risks and opportunities yields a plethora of
different solutions, even for the relatively narrowly defined scenario of
our experiment. Exploring structural similarities and differences be-
tween the identified risks and opportunities allowed pinpointing to
underlying cognitive processes applied by the individuals. These dif-
ferences related to how much the individual actively constructed a full
picture of a future scenario from which they then verbalized concrete
risks and opportunities. In particular, we identified two types of ten-
dencies in the data: how the identified risks/opportunities incorporated
acquired information (superficial/relational), and whether the identi-
fied opportunity/risk involved agency or the participant (high/low). We
observed that both Opportunity and Risk groups displayed a tendency
for superficial engagement with the data, with Opportunity group
showing a slightly higher tendency for relational information use than
the Risk group (36 % and 19 %, respectively). In contrast, agency was
clearly more present in the identified opportunities (73 %) than in the
identified risks (15 %). Table 3 provides an overview of number of
identified risks v. opportunities in each category.
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Table 3
Frequency count for structural dimensions of recorded risks/opportunities
(coded per recorded risk/opportunity).

Risk (N = 89) Opportunity (N = 106)
Superficial Information Use 72 (81 %) 68 (64 %)
Relational Information Use 17 (19 %) 38 (36 %)
High Agency 13 (15 %) 77 (73 %)
Low Agency 76 (85 %) 29 (27 %)

4.3.1. Information use — superficial and relational use of information

We found that externally acquired information could be reflected in
two modes in the identified risks/opportunities. On the one hand, as
superficial characteristics of the scenario, which participants recognized
as a source of risks or opportunities (superficial information use). On the
other hand, through the relationships between various characteristics of
the scenario, which allowed the identification of risks and opportunities
through analogical reasoning (relational information use; Holyoak and
Thagard, 1997). Overall, we saw that both the Risk and the Opportunity
group relied predominately on superficial information use (81 % of the
recorded risks, and 64 % of the recorded opportunities), with a few in-
dividuals that relied substantially stronger on relational information
use.

Superficial information use refers to risks and opportunities that have a
simple cause/effect schema, with an explicit characteristic of the situ-
ation causing a risk or opportunity as effect. These characteristics were
either specific details of the scenario (e.g. ‘group is pre-assigned’, ‘C is an
exchange student’), or aggregated cues specific to the scenario (e.g.
‘different study backgrounds’, ‘different expectations’). The identified
risks and opportunities are here disengaged from a concrete construc-
tion of a plausible project future.

Relational information use refers to risks or opportunities based on the
relationships between specific cues or between cues and assumptions
made about the situation. Typical relationships between cues were
matches/mismatches between skills and requirements, or how weak-
nesses and strengths complemented each other. Thus, the participant
constructed concrete novel future scenarios based on the available in-
formation. For example, a member in the Opportunity group noted
‘B. probably has better organizational skills [to take the project management
lead] but he might come off as too strict. A. will assist since she can help make
things more fun.” Related to mismatched skills and requirements, a
member of the Risk group reported: ‘Most of the group members are either
shy or don’t like presentation. Since 20% of the grade is presentation and
every group member should present, it might get difficult for the group during
the presentation.’

4.3.2. Agency in the formulation of risk and opportunity identification

While the participants in the Risk and Opportunity group did not
differ strongly in how they used the externally acquired information, we
observed a strong difference when it came to whether agency was
ascribed in the identified risk and opportunity. High agency meant that
the assessor proposes actions to shape the future, that is, they con-
structed a specific future scenario based on what they (or the group in
the simulation) could do in the future. Low agency meant that the
assessor acts as a disengaged observer, merely pointing to risks/oppor-
tunities, but not considering mitigating/exploitative strategies. Whereas
73 % of the recorded opportunities displayed high agency in their
formulation, only 15 % of the risks did.

5. Discussion

Our research was interested in characterising the differences be-
tween cognitive processes engaged in the prospection of desirable or
undesirable project futures. Our research design intended to observe
these processes in the context of a common project activity, the ver-
balisation of concrete risks and opportunities identified within the
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prospected futures. While the findings indeed reveal marked differences
between individuals identifying risks and those identifying opportu-
nities, the most interesting observation was the lack of actual pro-
specting — or construction of future scenarios — for many of the
participants, in particular within the ‘Risk’-group. We will discuss in the
following the implications of these findings for theory - in project
studies and cognitive psychology — and project risk management
practice.

5.1. Implications for theory

Our findings add to the theoretical foundations of cognitive studies
in projects and other domains that are concerned with enacting the
future through plans. We have introduced an alternative theoretical
perspective on studying and conceptualizing how people in projects
think about the future, based on their basal cognitive processes. Our
perspective provided a fresh view on cognition in projects expanding
previous research that was mainly concerned with assumptions of biased
human minds (Stingl and Geraldi, 2017).

We extend the cognitive view of projects to a more complex and
nuanced phenomenon allowing for a notion of a non-probabilistic
future, grounded in a view of projects as state of mind and based on
more recent understandings of prospection coming from cognitive psy-
chology. We thereby allow investigating cognition even if we consider
projects as uncertain and social-dynamic systems (Geraldi et al., 2011;
Kreiner, 1995; van Marrewijk et al., 2016).

Specifically, by highlighting that ‘thinking is for doing’ (Baumeister
et al., 2016), we argue that prospection is more than just a (biased) cue-
giver for decision-making, but is fundamental to behaviour that shapes
projects. Thus, our work provides a puzzle piece re-connecting works
focussed on wider, organizational questions of sensemaking with its
cognitive origins (Sandberg and Tsoukas, 2015), and connects the
macro-processes described in project studies on future perfect thinking
(Pitsis et al., 2003) with basal cognitive processes in project prospecting.

Contributing to theory in cognitive science, our findings suggest — in
accordance with cognitive psychology literature (Baumeister et al.,
2001; de Vito et al., 2015)- that when people think about the future in
terms of risks, i.e. undesirable futures, they are often reflecting the
emotions and experience of the past and present. Yet, other than sug-
gested by pragmatic prospection theory, the risk-identifying individual
does not (necessarily) actively construct a desirable future first, and
thereafter screens for challenges and obstacles on the way. Rather, they
appear often to merely screen the information landscape for cues that act
as singular ‘risk markers’. This use of singular cues to conclude on risks
functions akin to the ‘recognition heuristic’ (Gigerenzer and Goldstein,
1996). This interpretation is supported by our findings that risk identi-
fication was generally perceived as a cognitively simpler task in which
individuals were at ease with a non-rationalized information search
strategy. Recognition heuristics are intuitive cognitive processes of the
human mind (Gigerenzer and Selten, 2002), which means they are
applied with ease, reducing cognitive load, and often without conscious
selection as judgement strategy. Hence, for many of the individuals in
the risk identification task, we did not observe behaviour that would
constitute ‘pragmatic prospection’, but rather simple categorization
whether a characteristic of the scenario could lead to undesired out-
comes. This reliance on simple heuristics for categorization, rather than
the construction of rich future scenarios allows offers an explanation for
the contrasting findings of a study by de Vito et al. (2015), who found
that participants experienced more difficulties in the construction of
undesirable futures. However, in the case of our study, participants
tasked to identify risks often did not engage in the prospection of an
undesirable future.

On the other hand, we found that individuals searching for oppor-
tunities often developed conscious information search strategies, using
active construction of the future including reflection of their own po-
tential actions. Moreover, they were more likely to express specific
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schemas against which they reflected externally acquired information,
rather than merely reacting directly to the information. This differen-
tiation of opportunity search as active construction of the future, using
relational schemata, versus risk search as affective reaction to the pre-
sent are just general tendencies expressed as ideal types. Individuals are
likely to engage in either strategy, as we have observed in some in-
dividuals that exhibited both approaches or shifted from one to the
other. Effectively, the construction of a ‘matrix of maybes’ and the
recognition of risk markers — or even opportunity markers - is likely to
be an entangled process (cf. a similar argument for entrepreneurial
cognition brought forward by Grégoire, 2014). Affective reaction, i.e.
cues derived from automatic emotional responses, may serve as heu-
ristics to create boundaries for imagined possible futures as they help
individuals understand their current situation and potential future sce-
narios. Strong affective reactions to those markers may indeed constitute
the ‘invariants’ of a situation, which Kaplan and Simon (1990) suggested
as signpost in the mental search for an alternative problem representa-
tion. On the other hand, imagining the future, whether consciously or
pre-consciously, enables to ‘pre-feel’ (Gilbert and Wilson, 2007) this
future, thus affectively reacting to cues in this constructed future.

5.2. Implications for project practice

These findings bear implications for the practice of project risk and
opportunity management (PROM) and similar organizational practices.
Academic authors such as Hillson (2002) have lamented the lacking
integration of opportunity management in existing risk management
practices. Similarly, the works of Chapman and Ward (2011, 2003)
stress the benefit of an integrated risk and opportunity management. In
consequence, tools and methods used in practice for PROM usually
integrate potential positive or negative plan deviations in a unified
approach for their identification, assessment, and management
(Chapman and Ward, 2003). However, our findings challenge the pre-
sumed benefits of such an integrative approach.

First, we provided an additional explanation for challenges in iden-
tifying and exploiting opportunities. Opportunity management is still
experienced as a challenge and rarely used in projects (Hietajarvi et al.,
2017). If people engage different cognitive processes when thinking
about positive or negative future uncertainties, as our findings indicate,
then the common method of forcefully considering both risks and op-
portunities together may suppress one way of thinking in favour of
another. As risks have been perceived to be easier to identify than op-
portunities, and minds tends to choose cognitively less demanding
modes of operation (Kahneman and Klein, 2009), opportunities might
become overshadowed by the task of identifying risks. As a consequence,
the identification of risks and opportunities would benefit from differ-
entiated treatment, for instance through identifying them sequentially
instead of concomitantly in a workshop.

Second, as many individuals considered cues for risk identification in
the order they were displayed, visual design of information can have a
significant influence on prospection. Our results adds to the bourgeon-
ing empirical evidence that visualization impacts cognitive processes in
projects (Comi and Whyte, 2018; Killen, 2013; Whyte et al., 2008) and
beyond (Bell et al., 2014). However, despite recognition of its relevance,
visualizations remain understudied. We therefore need to dedicate more
attention both in research and in practice to the visualization of project
information and its impact on how individuals imagine possible futures.
The display of uncertainty is a widely recognized academic area, yet it
has been mostly concerned with quantitative information, and more
specifically, the display of probabilities to wide audiences (Spiegelhalter
et al., 2011). However, there is a need for increased awareness of the
visual dimension of organizing (Meyer et al., 2013), which is different
from the visualizations used in natural sciences. Our research reinforces
this call. We therefore suggest that the visual dimension of uncertainty
in organizations provides a fertile domain for future applied and con-
ceptual research.
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Third, our observation provides an explanation based in cognitive
sciences for what has been described in the project risk management
literature as a ‘tick-the-box’ approach for risk management, in which the
risk register is treated like a clerical task (Kutsch and Hall, 2010). As the
results suggest, risk identification happens widely through recognition
of ‘risk markers’. Feeding to this intuitive strategy for risk identification,
risk registers tend to be lists of disconnected risks without active con-
struction of mental images of the future. Such simplified cognitive
processes to risk identification would therefore undermine preparedness
and the ability to sense weak signals (Weick and Sutcliffe, 2006). Yet, if
we consider project management as an ‘agency for uncertainty man-
agement’ (Turner and Miiller, 2003), risk management is project man-
agement (Loch et al., 2006). In this view, the observed superficial
engagement with ‘risk markers’ in risk identification may lead to critical
oversights. This implies that we need to pay attention whether common
practices of managing uncertainty rather obfuscate practitioner’s ability
to identify risks through active construction of plausible futures, by
implicitly encouraging them to screen merely for risk markers discon-
nected from concrete prospections.

An approach to enrich risk identification with constructions of
possible futures is to integrate project planning and uncertainty man-
agement as a single process, unlike the current practice that sees plan-
ning and risk management as two separate processes that only share a
few specified interfaces (Dvir and Lechler, 2004). Such change would
require more than adjustments to the risk and opportunity identification
processes. It would instead require considering uncertainty in project
planning, building not one plan but alternative scenarios, and thereby
treating uncertainty as seriously and integrative to project management
as other core aspects of project planning, like tasks, time and budget.

Thus, implications to practice range from alterations in the process
and tools used in identification processes to fundamental change in
project management practice, that foster alternative, and arguably,
more beneficial cognitive processes to help project managers envision
the future.

5.3. Limitations and outlook for future research

As an abductive and in some ways exploratory study of complex
processes of human cognition, this research has several limitations that
invite for future research. On a general level, these limitations concern
the, while quasi-realistic, nonetheless artificial setting of the experi-
ment. In particular, the screen-based experimental design — while
reducing the bias through the experimenter — may have an effect on
behaviour and cognition. A comparative interview-based study would
allow investigating this potential effect. Moreover, as shown earlier by
Maytorena et al. (2007), formal risk management education (albeit not
experience) has an influence on information search strategies in risk
identification. Thus, practitioners that are trained in risk identification
potentially will exhibit different tendencies in their cognitive processes,
which would provide a fruitful opportunity for further research.
Nevertheless, the research with students both yielded a categorization
for the investigation of such strategies, and provided a glimpse into
intuitive strategies that the human mind applies when thinking about
the future. Besides exploring the effect of experience or training,
research might also explore the effects of personality traits such as
creativity or risk aversion in their effect on prevalent cognitive processes
for prospecting. These identified tendencies thus contribute to academia
and practice as outline before.

Moreover, by attending to the specifics of individual cognition, our
insights also provide a means to connect between collective processes of
“prospective sensemaking” (Sandberg and Tsoukas, 2015) and the in-
dividual level. Specifically we see interesting opportunities for research
when searching for similarities or differences between the cognitive
strategies used by individuals pertaining to the same group (e.g. project
team), and shifts in strategies when co-exploring plausible futures.

Throughout the analysis, we identified additional potentially
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interesting types of data that were not collected through the original
experimental design but are common to contemporary research in
cognitive sciences. Specifically, we did not collect data on physiological
and neurological responses — i.e. psychophysiological data (Cacioppo
et al., 2017) - that could add depth to understanding how and when
individuals respond to newly acquired information. Future studies could
also collect qualitative data concerning the verbalization throughout the
experiment as think-aloud protocol, or check-up questions regarding a
search strategy throughout the risk/opportunity identification process.
However, any such interventions are likely to influence the cognitive
processes, through forcing a reflective engagement with potentially
preconscious processes.

Regarding the generalization of the findings, the choice of the sample
and the artificial setting of the experiment pose relevant limitations.
Specifically the chosen university project scenario differs significantly
from large-scale industry projects. In industry projects, uncertainty is
amplified, and agency potentially limited due to the number of involved
actors. Moreover, in such projects, information is presented through a
variety of modes, and the costs of information acquisition (regarding
time, effort, and money) are highly varied. Such differences can trigger
the development of alternative and sector specific cognitive processes
for the identification of risks and opportunities, that could be explored in
future research. Such specific cognitive processes would extend the
basal intuitive processes that we aimed to identify in this study. Yet, our
findings provide a basis for the formulation of specific hypotheses that
future research may explore in those more dynamic and complex project
environments. In particular, such research could investigate the effect of
specific information presentation or typically used risk management
methods on the prevalent cognitive processes. Additionally, future
research of a similar design but a sample of practitioners with more
exposure to professional project or risk management, could investigate
the effect of such exposure on the cognitive process that would char-
acterise experts in risk and opportunity identification. Another research
avenue is to observe risk and opportunity identification in situ, and
inquire into the cognitive processes of trained project professionals in
their natural setting, and contrast them with our results. Following the
naturalistic decision making tradition (Klein, 2015), such studies could
explore the cognitive processes of experienced practitioners who are
considered to be outstanding in dealing with uncertainty in projects.

In summary, our research highlights the importance of further
studies exploring the cognition of those individuals shaping and
executing plans, in other words: the micro-side of organizing for the
future. Project studies, as an example of this context, have been mostly
concerned with the study of organizations on the meso- or macro-levels
(Geraldi and Soderlund, 2018). Yet, in the spirit of seeing risks and
opportunities as a ‘state-of-mind’, and acknowledging the practical im-
plications of prospection on planning and acting, we have shown that
thinking about the future is a more complicated phenomenon than
merely biased minds. We suggest therefore that future research pays
more attention to how the individual forms their perceptions and as-
sumptions of the future and how these perception relate to their
behaviour as actors in plans to shape the future.

6. Conclusion

With this study, we sought to uncover the cognitive processes
through which the human mind prospects desirable and undesirable
project futures. Grounded in the literature of pragmatic prospection
(Baumeister et al., 2016), we have shown that the human mind has a
repertoire of different cognitive processes to search for uncertainties in
the future. Some are more passive and reactive to visualization and past
experiences, are done with ease, and are most commonly used in the
identification of risks. Others trigger active future construction and are
cognitively more laborious, which we observed predominantly in the
identification of opportunities. The differences in cognitive processes
provide a fundament for further research that, in the long run, can
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augment project practitioners’ ability to cognitively engage with and
manage an uncertain future. We also point to potential adverse effects of
current risk management in practice.

Thus, despite the common framing in the academic and practitioner
literature that risks and opportunities are merely ‘two sides of the same
coin’, we showed that individuals think differently, when engaging with
desirable and undesirable futures. Future research and practice would
benefit from understanding cognitive processes, and applying them
more strategically and deliberately in project practice and other do-
mains of risk management. Our research therefore suggests that it is
essential to embrace human cognition as a lens to study how people in
organizations engage with, and navigate uncertainty, when devising and
implementing plans and projects.
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