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entrepreneurial action are empirically distinct. This pro-
vides added impetus for a shift away from positivism and 
toward a subjectivist approach to entrepreneurship.

Plain English Summary  Distinguishing Unpredict-
ability from Uncertainty in Entrepreneurial Action 
Theory. Entrepreneurship scholarship commonly ref-
erences a single “entrepreneurial uncertainty” con-
struct in discussing the effects of the unknown on 
entrepreneurial action. We explain that there are not 
one but two key constructs at play that should not be 
confounded: external unpredictability and subjective 
uncertainty. We explain, and support with evidence 
from the app development industry, that the unpredict-
ability of a market environment or of entrepreneurial 
outcomes only has indirect influence on actions. It is 
the entrepreneur’s own uncertainty that drives what 
actions they will pursue. However, the outcomes that 
result from action are causally tied to the real unpre-
dictability of the market rather than the entrepreneur’s 
uncertainty of it. As we move into the theory refine-
ment stage of the entrepreneurship discipline, greater 
care must be taken in referencing one or the other (or 
both) in entrepreneurship theory.

Keywords  Uncertainty · Unpredictability · 
Epistemology · Representationalism · Perception · 
Entrepreneurship

JEL Classification  B53 · D81 · L26

Abstract  The traditional view that perceived and archi-
val uncertainty measures are substitutable proxies for 
“true” environmental (entrepreneurial) uncertainty pre-
sumes an “all-seeing eye.” Adopting a representationalist 
epistemology, we distinguish environmental (objective) 
unpredictability from entrepreneurs’ subjective uncer-
tainty, which has so far been theoretically confounded. It 
is, in fact, possible for an entrepreneur to be highly certain 
despite excessive unpredictability and vice versa. Theo-
retically distinguishing these constructs has fundamental 
implications for entrepreneurial action theory. For exam-
ple, because intentional action is consciously originated, 
unpredictability influences action only indirectly, while 
uncertainty has direct effects. Outcomes, on the other 
hand, are directly affected by the complexity and dyna-
mism (unpredictability) of things, whereas uncertainty 
only has an indirect and tenuous role in what occurs. We 
develop hypotheses along these theoretical lines and test 
them on a longitudinal sample of new mobile apps and 
survey responses from their developers. We find, gener-
ally, that unpredictability, uncertainty, and their effects on 
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1  Introduction

Uncertainty is one of the most central themes in entre-
preneurial action theory—uncertainty is typically 
understood as a necessary condition for entrepreneur-
ship. Broadly speaking, entrepreneurship scholars have 
developed and attended to a single entrepreneurial 
uncertainty construct that has been derived as, essen-
tially, a special case of environmental uncertainty. Envi-
ronmental uncertainty, which has long been of interest 
within strategic management (Child, 1972; Duncan, 
1972; Lawrence & Lorsch, 1967; Pfeffer & Salancik, 
1978; Tushman & Nadler, 1978), is defined by Tosi 
et al., 1973: 30) as “the degree of accuracy with which 
one can predict the future.” It is entrepreneurial uncer-
tainty when the context of the predictions pertains to 
an entrepreneurial endeavor—it is uncertainty derived 
from the “entrepreneurial environment” (McKelvie 
et al., 2011). Entrepreneurship also inherited from stra-
tegic management, along with this definition, an unset-
tled debate about how uncertainty is best measured—
i.e., whether it is better captured as a compendium 
of archival measures of its causes (e.g., complexity, 
dynamism, munificence) or as a subjective measure 
of how it is perceived by actors (Buchko, 1994; Dess 
& Beard, 1984; Downey & Slocum, 1975; Howell & 
Burnett, 1978; Lorenzi et al., 1981; Tosi et al., 1973). 
Scholars in favor of the archival environmental uncer-
tainty (AEU) measure argued that it was more direct 
and objective (Dess & Beard, 1984; Snyder & Glueck, 
1982; Tosi et  al., 1973), while scholars who favored 
the perceived environmental uncertainty (PEU) metric 
argued that it is perception that matters more to behav-
ior (Anderson & Paine, 1975; Kreiser & Marino, 2002). 
While this debate never concluded, entrepreneurship 
scholars have tended toward PEU measures due to their 
direct relationship with entrepreneurial action (e.g., 
Freel, 2005; Liao & Gartner, 2006; McKelvie et  al., 
2011), although some have used AEU measures (e.g., 
Baum et al., 2001).

We will argue that this traditional entrepreneurial 
uncertainty construct is premised upon an overly strong 
assumption that perception can be veridical, i.e., that it 
is objective and complete (Felin et  al., 2017). Percep-
tions that are not veridical, that are less than a fully 
accurate reflection of reality in toto, are presumed “irra-
tional” (Ariely, 2008). Perceptual oversights—such as 
the famous gorilla in the midst of a foray of basketball 

passes (Simons & Chabris, 1999)—are understood to 
be cognitive errors, a “blindness to the obvious” (Kah-
neman, 2011). Koenderink (2014) dubs this assump-
tion the “all-seeing eye.” In contrast, Felin et al. (2017)  
note that perception always involves and entails a large 
and significant subjective component—perception is 
intentional and, thus, directed (Seth & Hohwy, 2021). 
Because perceptive capacity is scarce, such directed-
ness is always and only subjectively rational (Packard 
& Bylund, 2021), pointing awareness toward those 
percepts that are deemed most pertinent. In the case 
of the Simons and Chabris (1999) experiment, judging 
an actor to be in error for missing the “obvious” gorilla 
when under clear instructions to count the number of 
passes is a theoretical mistake. While these arguments 
have so far received mixed reviews (see Chater et al., 
2018), their implications should be considered. If we 
accept perception as at least partially subjective, inten-
tional, and directed, then perceptions of reality must 
be theoretically distinguished from reality per se. Spe-
cifically, it implies that reality’s influence over behav-
ior is mediated by its perception and representation, 
which is, itself, moderated by subjective intention.

If correct, then the entrepreneurial uncertainty 
construct must be theoretically partitioned into two: 
what we will call objective unpredictability and sub‑
jective uncertainty. Objective unpredictability refer-
ences the knowability of some future outcome (e.g., 
venture performance), while subjective uncertainty 
references the doubts that one experiences about the 
outcome. Our main argument is that these are not, 
theoretically, synonymous. Although they often cor-
relate (Lueg & Borisov, 2014), this need not be the 
case, especially within the entrepreneurial context. 
We thus make two foundational contributions to 
entrepreneurial action theory. First, we argue that a 
theoretical separation of ontological states of affairs 
and their epistemic perceptions (McBride & Packard, 
2021; McBride & Wuebker, 2022) is necessary for a 
coherent entrepreneurship science. We offer represen‑
tationalism as a preferred meta-theoretical founda-
tion that avoids assuming perception to be veridical. 
Second, we elaborate the implications of representa-
tionalism for entrepreneurship theory, specifically in 
terms of the distinctive nature of unpredictability ver-
sus uncertainty with respect to entrepreneurial action.

We support our contributions empirically by testing 
this representationalist framework in the context of app 
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development. Our results offer strong support for repre-
sentationalism and for the theoretical separation of the 
subjective uncertainty and objective unpredictability 
constructs. We conclude by discussing why this parti-
tioning is consequential for entrepreneurship theory and 
for all theories where uncertainty is predicted to influ-
ence phenomena of interest. In short, we reject the “all-
seeing eye” that would have us study entrepreneurship 
as some “outside observer.” If we cannot see through 
some all-seeing eye, we are left with the eyes of entre-
preneurs themselves as the best vantage for observing 
entrepreneurial phenomenon.

1.1 � Perception in entrepreneurial action theory

Entrepreneurial action theory is an “umbrella” theory 
that is “broadly concerned with the decision to take 
action toward entrepreneurial endeavors under condi-
tions of uncertainty” (Wood et  al., 2021: 148). These 
“conditions of uncertainty” draw our attention here. A 
lack of foundational clarity has, we will argue, led to 
difficulties in pinning down what this “uncertainty” is 
and, thus, how it affects entrepreneurial action.

Uncertainty is an epistemic phenomenon—it concerns 
what is or is not known. Knowledge is commonly defined 
as “justified true belief,” the correspondence of a belief 
or “knowledge claim” to the reality that it purports to 
describe. But let us be careful here about the domain of 
reality. We adopt a narrow ontology where reality is con-
fined to that which is ontologically objective and inde-
pendent (Azzouni, 2017; McBride & Wuebker, 2022; 
Packard, 2018)—a “state of affairs” (Reinach, 1982) 
composed of the Kantian category “things in them-
selves”—which essentially excludes all but the physical 
or material realm only (including its unobservables). We 
reject both the categories of ontological dependence (i.e., 
that a thing becomes real if and when believed to be real) 
and epistemic independence (i.e., ideas or concepts that 
exist independent of human minds1). Thus, we also reject 

the tendency among subjectivists to depict reality per se 
as (at least partially) subjective or epistemic (e.g., Koen-
derink, 2014), which “comes across as somewhat con-
fused, as ontology is, by definition, the domain of real-
ity. That something could be “real” in a non-ontological 
sense is, of course, paradoxical” (Packard, 2017: 540; 
2018).

The “phenomenal” or “epistemic” realm of 
thought, however, is the domain of perception and 
understanding and is much broader than our narrow 
ontological domain. Philosophers have debated the 
nature of perception and the origins of knowledge for 
millennia. The prevailing view is representational‑
ism2 (Chalmers, 2004; Fodor, 1981; Hoffman, 2000), 
which holds that there is no direct perception, but that 
what one perceives is a mental representation gener-
ated by the mind from sensory inputs. Metaphori-
cally, we experience reality as a movie, produced 
and directed by our minds, from a script provided by 
sensory stimuli. It is this representation that is con-
sciously “perceived.” This theory of perception has 
the advantage of easily explaining illusion (e.g., hal-
lucinations, mirages) as well as the capacity to have 
extrasensory experiences (through mental simula-
tion). The possibility of error in the representational 
process implies that what one perceives is not always 
or necessarily what there is. Some have argued that it 
never is (e.g., Hoffman & Prakash, 2014).

But confusion arises when adopting a realist social 
ontology—i.e., the position that social phenomena are 
ontologically real and objective—and a correspond-
ingly strong empiricist epistemology that supposes 
direct and complete (“veridical”) perception. This 
position, even if only implied, remains widespread in 
the social sciences, including entrepreneurship. But it 
leaves us with an “all-seeing eye” problem.

1.2 � Entrepreneurship’s all‑seeing eye

While behavioral economics has pushed against 
standard economics’ artificial notion of a perfectly 
rational homo economicus, it replaces this omniscient 

1  As King (1999) explains, the concept of epistemic emer-
gence in realism cannot coherently rid itself of epistemic 
dependence. It may be true that an ‘emergent’ social institu-
tion cannot be reduced to a single individual. But that an insti-
tution is independent of a single individual does not make it 
epistemically independent, i.e., independent of all individuals. 
The litmus test for epistemic independence must be whether it 
can survive the absence of all minds. For example, institutional 
constraints that impede an individual’s will are, and should be 
understood as, constraints imposed on that individual by others 
collectively.

2  Chia (1996) offers a “postmodern” critique of representa-
tionalism, much of which we agree with. However, the repre-
sentationalism that Chia attacks is not the theory of percep-
tion and cognition that we attend to here, but a more extensive 
“representationalist” (we would call it ‘realist’) metaphysics.

Distinguishing unpredictability from uncertainty in entrepreneurial action theory 1149



1 3
Vol:. (1234567890)

actor with scientific omniscience (Felin et al., 2017). 
That is, action is presumed to be inefficient (i.e., 
irrational) if it departs from what the actor should 
know and understand as optimal behavior (Packard 
& Bylund, 2021). Thus, it presumes a “perceptual 
omniscience” (Felin et al., 2017: 1043) as a different, 
but still unrealistic, standard against which human 
action is judged to be rational or not.

1.3 � Uncertainty’s all‑seeing eye

This “all-seeing eye” underpins the modern construct 
of entrepreneurial uncertainty too. Uncertainty is 
understood to be an “objective unknowability, exist-
ing in the environment, about potential outcomes and 
the probability distributions on possible outcomes 
from actions” (Miller, 2012: 60). Entrepreneurial 
uncertainty is, in this sense, an objective unknowabil-
ity about entrepreneurial outcomes, an ontologically 
objective construct that has real effects on actors.

Some have distinguished uncertainty in terms of its 
internal versus external sources (e.g., Kahneman & 
Tversky, 1982), i.e., external uncertainty exists where 
the culprit is some external obfuscation that impedes 
predictability, while internal uncertainty exists where 
it is some internal capability deficiency to blame. 
This distinction, from the purview of prevailing 
realist-empiricist meta-theory, is merely semantic. 
One would generally say that a coin flip is externally 
uncertain, i.e., that the reason that it is unpredictable 
is that its disposition is toward two outcomes of equal 
likelihood given the dynamism of its flipping. But we 
can also correctly assert that this disposition is inter‑
nal, i.e., that it is due to the ignorance of the observer, 
and not to some innate indeterminism (Packard & 
Clark, 2020b); if we could eliminate the internal 
ignorance by measuring and accounting for all fac-
tors of the coin’s flipping, we could precisely calcu-
late its outcome every time. The distinction between 
internal and external uncertainty, then, is not a true 
difference in the nature of uncertainty—they are, in 
fact, the same (this is the Bayesian view; see Cyert 
& DeGroot, 1987)—but only in the pragmatic attribu-
tion of uncertainty to what is to blame for the igno-
rance using a standard of reasonableness. Because 
it would be unreasonable to expect one to precisely 
know all factors necessary to calculating the outcome 
of the coin flip in a typical circumstance, we would 

not blame the individual for their ignorance but the 
situation itself.3

Realism thus implies a single “true uncertainty” 
for any situation, which comprises all factors that 
inhibit the predictability of some future state. This 
uncertainty imposes upon actors’ consciousness, 
altering their actions.

To study these effects, scholars have measured this 
“true” or “objective” environmental uncertainty using 
different proxies. Some have advocated archival esti-
mates of an environment’s complexity and dynamism 
(AEU), which are primary determinants of unpredict-
ability (e.g., Dess & Beard, 1984; Downey & Slocum, 
1975). Others have espoused perceived environmen-
tal uncertainty (PEU) as a valid proxy (e.g. Duncan, 
1972; Lawrence & Lorsch, 1967). As a proxy, per-
ceived uncertainty ought to be, in theory, highly cor-
related with archival measures, even though empirical 
data have not strongly supported this conclusion (e.g., 
Tosi et al., 1973). Most have attributed the low corre-
lation to perceptive error (Downey et al., 1977)—dif-
ferent actors may perceive uncertainty to be stronger 
(e.g., anxiety) or weaker (e.g., overconfidence) than it 
really is. Dess and Beard (1984: 56), Milliken (1987: 
135), and others (e.g., Packard & Clark, 2020b) also 
argue that complexity and dynamism need not imply 
unpredictability per se. The general consensus, then, 
is that “AEU and PEU have the same conceptual 
foundations but are different methodological con-
cepts” and have not been found to be highly corre-
lated only because “the instruments must be opera-
tionalized with rather different (inter-)subjective data 
sources” (Lueg & Borisov, 2014: 661). Under this 
consensus, entrepreneurial uncertainty has persisted 
as a single construct.

1.3.1 � Representationalism versus the all‑seeing eye

Per realism, environmental uncertainty imposes upon 
actors, causing them to alter their behavior. However, 
representationalism implies a rather different conclu-
sion—that all external phenomena are fully mediated 

3  We might put this differently in that the internal/external 
uncertainty distinction divides the factors that cause uncer-
tainty at the boundary of the skin. But we could just as easily 
draw that boundary at one’s consciousness, in which case the 
internal/external distinction would collapse into a single exter-
nal or “true” uncertainty construct.
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by their perception, including what is called environ-
mental uncertainty. This is not merely an admission 
that we do not always perceive reality as it really is, 
although that is certainly true (e.g., Aleman & Larøi, 
2008; Hoffman & Prakash, 2014; Warren, 1970). 
More fundamentally, representationalism allows our 
experiences to be comprised of a vast array of inputs 
beyond strict sensory impingements. When one expe-
riences a symphony, that experience is much more 
than the mere perception of a processual sequence 
of vibrations. It also evokes a subjective or epistemic 
experience, which can include inspiring imagination 
and arousing emotions. There is a correspondence 
between the objective and the subjective insofar as 
reality is (and can be) accurately perceived and men-
tally represented, but this correspondence is inher-
ently weak—not just because perception is faulty, but 
more fundamentally because mental representation 
is an epistemic exercise. One theory of conscious-
ness, for example, posits that “perception [is] a pro-
cess of inference, so that perceptual content is con-
stituted by the brain’s “best guess” of the (hidden) 
causes of sensory input” (Seth & Hohwy, 2021: 89). 
Thus, representationalism rejects the all-seeing eye; 
the epistemic realm is not fully or even directly teth-
ered to the ontological realm (Packard, 2017, 2018). 
Thus perception is always and necessarily incomplete 
(bounded) and often overtly inaccurate (Felin et  al., 
2017). What is and what is thought are theoretically 
distinct.

1.3.2 � Representationalism and uncertainty

Elaborating this representationalist view further, 
there can be no “true” (ontological) uncertainty. 
Uncertainty is a subjective state of being (epistemic 
phenomenon) and not an objective state of affairs 
(ontological reality)—there is no uncertainty until 
and unless there is one who is uncertain. Represen-
tationalism thus implies that the modern concept 
of uncertainty must be divided and distinguished. 
The question should not be whether archival or 
self-report measures are better proxies of a sin-
gle “true” uncertainty construct, but whether they 
measure the same thing at all. Whereas its onto-
logical and epistemological dimensions have so far 
been confounded—the notion of perceived uncer-
tainty reflecting the bounded perception of “true 

uncertainty”—representationalism distinguishes 
these as theoretically and empirically distinct. We 
note that rejecting the all-seeing eye does not imply 
a rejection of the ontological dimension altogether; 
it simply holds that such reality is never observed 
“objectively,” a feat that would require an all-seeing 
eye.

AEU in the realist tradition is, for representation-
alism, not a measure of “uncertainty” at all. Rather, 
it captures an environment’s unpredictability—an 
objective state of affairs that impinges upon an actor’s 
perception and, thus, their capacity to foresee some 
future state of affairs. In contrast, “uncertainty” is a 
state of mind, a judgment or assessment of the pos-
sibility of surprise or error (Shackle, 1953, 1969). 
Environments, then, cannot be “uncertain” (they have 
no consciousness) but only “unpredictable.” Because 
the term “uncertainty” has been widely used to refer-
ence both “objective” environmental unpredictabili-
ties and “subjective” conscious uncertainties, we will 
hereafter use the terms “objective unpredictability” 
and “subjective uncertainty” for clarity. While these 
are, certainly, conceptually related and empirically 
correlated, they are theoretically and empirically dis-
tinct and should not be confounded.

1.3.3 � Objective unpredictability

Objective unpredictability has been attributed to the 
complexity (Child, 1972; Duncan, 1972), dynamism 
or volatility (March & Simon, 1958; Tosi et  al., 
1973), and munificence (Dess & Beard, 1984) of an 
environment. Complexity refers to “the level of com-
plex knowledge that understanding the environment 
requires” (Sharfman & Dean, 1991: 683). Dyna-
mism or volatility reflects the rate of change due to, 
e.g., innovation and competitive dynamics (Miller & 
Friesen, 1983). Munificence is “the level of resources 
available to firms from various sources of the envi-
ronment” (Tan, 1996: 33), reflecting the level of hos-
tility among resource-dependent competitive firms 
(Covin & Slevin, 1989).

Yet, as both Knight (1921) and Shackle (1949, 
1969) have observed, there is an additional factor that 
scholars from the strategic management subdiscipline 
have generally overlooked in connection with envi-
ronmental uncertainty, one that is especially critical 

Distinguishing unpredictability from uncertainty in entrepreneurial action theory 1151



1 3
Vol:. (1234567890)

and consequential for entrepreneurship: situational 
novelty.

The practical difference between the two cate-
gories, risk and uncertainty, is that in the former 
the distribution of the outcome in a group of 
instances is known (either through calculation 
a priori or from statistics of past experience), 
while in the case of uncertainty this is not true, 
the reason being in general that it is impossi-
ble to form a group of in-stances, because the 
situation dealt with is in a high degree unique. 
(Knight, 1921: 223)

Novel situations need not be complex or volatile, and 
yet such circumstances remain unpredictable for the pri-
mary reason that the actor does not yet have the causal 
knowledge required to deduce next states. Entrepreneur-
ial action is often defined in terms of novel productive 
action (e.g., Packard, 2017) and thus, in a literal sense, is 
antithetical to objective predictability.

Thus, with Lachmann (1977: 90) we conclude, 
that “the impossibility of prediction in economics fol-
lows from the facts that economic change is linked 
to change in knowledge, and future knowledge can-
not be gained before its time.” That is, entrepreneurial 
outcomes are objectively unpredictable in a sense 
beyond that captured by present AEU metrics.

1.3.4 � Subjective uncertainty

What has, in the realist tradition, been called per‑
ceived uncertainty, or PEU, more aptly reflects what 
we have labeled “subjective uncertainty.” However, 
whereas PEU is traditionally understood as the per-
ceptual internalization of objective unpredictability, 
such perception is, for representationalism, only a 
single antecedent of subjective uncertainty, which is, 
as Shackle (1949, 1969) explains, a judgment of the 
possibility of surprise, an admission that future states 
could be other than expected.

When [one] is certain that a particular answer 
to some question is right, he means that that 
answer by itself exactly fills the vacant place 
constituted by the question, leaving no room for 
any other suggested answers (Shackle, 1969: 
47).

Subjective uncertainty has been attributed or even 
equated to ignorance (Shubik, 1954), ambiguity (March, 

1994), equivocality (Weick, 1979), incommensurabil-
ity (Spender, 1989), and other “procedural uncertain-
ties” (Dosi & Egidi, 1991) and “knowledge problems” 
(Townsend et al., 2018). However, it is in fact and ulti-
mately caused by an awareness of such limitations. In 
contrast, a lack of such awareness leads to certainty of 
expectations, a perception of predictability and a confi-
dence in predictions, even where such confidence might 
not be justified (Hayward et al., 2006).

2 � Uncertainty versus unpredictability 
in entrepreneurial action

If objective unpredictability and subjective uncer-
tainty are conceptually distinct, then theoretical 
models that employ a single uncertainty concept are 
incomplete. But to understand how or why they are 
incomplete, let us dig further into how, precisely, 
these constructs are distinguishable within the causal 
chain of events.

2.1 � Acting with subjective uncertainty

While the future may be unpredictable to varying 
degrees, the mind can always imagine possible sce-
narios through mental simulation processes (Barron 
and Klein, 2016) using constructed mental models of 
reality (Johnson-Laird, 1983), resulting in the predic-
tion and expectation of possible outcomes given spe-
cific inputs, including possible actions (Lachmann, 
1976; Shackle, 1969, 1979). Through such imagina-
tion, human agents become planners, forecasting the 
future, anticipating the consequences of future states, 
making mental and physical preparations for those 
expected outcomes, and devising action schemes by 
which they might alter the impending outcomes to 
their benefit (Lachmann, 1977). Yet, they are lim-
ited in their ability to forecast outcomes for reasons 
of objective unpredictability, and they become aware 
of their limitations through experience as their pre-
dictions fail (Siegenthaler, 1997). This awareness 
generates subjective uncertainty, which manifests 
experientially as doubt (Hastie, 2001; McMullen and 
Shepherd, 2006).

To elaborate this basic intuition, we turn to Shack-
le’s (1949, 1969) theory of potential surprise. Shackle 
explains that it is expectations—“those originative 
acts of mind, involving degrees of doubt and belief 
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assigned to the products of imagination” (Shackle, 
1949: ix)—from which decisions are made and a spe-
cific action instigated. In Shackle’s framework (as 
with others, e.g., Kahneman & Tversky, 1982; Sav-
age, 1954), subjective uncertainty plays a primary 
role in ranking expectations and, from them, deter-
mining a preferred action:

The intensity of enjoyment of a given hypo-
thetical outcome by imagining it in advance is 
no doubt a function of several variables, but 
two of these are, I think, likely to be dominant; 
this intensity will plainly be an increasing func-
tion of the desirability of the outcome in ques-
tion, and a decreasing function of the degree of 
potential surprise associated with it. (Shackle, 
1949: 18)

This concept of “potential surprise” warrants some 
elaboration. While classical uncertainty theorists—
Knight,4 Keynes, Savage, Arrow, Tversky and Kah-
neman, etc.—almost universally focused their theo-
rizing on objective unpredictability (while using the 
language of “uncertainty”), Shackle’s (1949, 1969) 
theory is uniquely focused on subjective uncertainty:

The state of mind which accompanies a feeling 
of certainty or a high degree of belief is one of 
repose. A man who is making plans on a basis 
of working assumptions which he feels to be 
very doubtful is always, as it were, looking over 
his shoulder at these assumptions, on the watch 
for events which would compel him to abandon 
them; he is on the alert, and the occurrence of 
such events would not shock him to the same 
degree as if he had fully accepted his working 
assumptions. It is only a man who feels very 
sure of a given outcome who can be greatly sur‑
prised by its non-occurrence. (Shackle, 1949: 
10)

Thus, Shackle posits that subjective uncertainty 
can be assessed in terms of the degree of surprise one 
would experience were that outcome to not occur, 
with higher “potential surprise” corresponding to 

lower subjective uncertainty and vice versa. This 
subjective uncertainty derives from the fact that esti-
mations of possibility are subjective (Savage, 1954; 
Shackle, 1949). One’s recognition of such subjectiv-
ity, and the admission of potential error, promotes 
subjective uncertainty (Knight, 1921) or lower poten-
tial surprise (Shackle, 1969)—they would be less 
surprised at being wrong. The magnitude of the sub-
jective uncertainty, and the preoccupation that it has 
upon the mind, hinges upon the magnitude of the pos-
sibility of the expected outcome (inversely) as well 
as the potential consequences of its not occurring for 
the actor’s plans. A low possibility might be assessed 
if the actor imagines many other possibilities, if they 
are aware that they lack understanding of the causal 
mechanisms at play, or if they recognize the outcome 
set to be incomplete (Packard et  al., 2017; Shackle, 
1969). For entrepreneurs, their subjective uncertainty 
often derives from situational unfamiliarity or per-
ceived novelty, which drives a recognition that the 
outcome possibilities are likely to be outside of famil-
iar experience.

Where an actor’s subjective uncertainty (poten-
tial surprise) is strong for particular option-outcome 
pairs, such options become less (un)attractive. Thus, 
subjective uncertainty, concerning certain action 
options, alters the structure and rank ordering of 
options such that a different action may become pre-
ferred. Subjective uncertainty implies recognition 
of multiple possible outcomes to a particular action, 
and so may evoke emotions such as fear, timidity, 
and anxiety. Actions taken despite high uncertainty 
are often intended to account for the uncertainty, for 
example by acting more cautiously or by using inter-
mediate actions (such as insurance policies or hedg-
ing) to try to address the unpredictabilities that they 
perceive. In the entrepreneurial context, where they 
are more subjectively uncertain, we expect that entre-
preneurs will engage in additional uncertainty miti-
gation or management behaviors, such as business 
planning, gathering information about competition, 
prototype testing, and product improvements.

H1. Comparatively, subjective uncertainty will 
have a larger positive effect on uncertainty miti-
gation and management behaviors than objective 
unpredictability.

4  Recently, scholars have reexamined Knight’s work and 
found it to contain both objective unpredictability and subjec-
tive uncertainty (Packard, Bylund, & Clark, 2021). It is his 
use of the term ‘uncertainty’ for both that has arguably been 
the source of the endless confusion that we herein attempt to 
resolve.
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We note that, because representationalism assumes 
that actions originate epistemically, where both vari-
ables are modeled together one would expect only the 
subjective uncertainty variable, and not the objective 
unpredictability variable, to exhibit a direct effect. 
In lieu of hypothesizing a null effect for objective 
unpredictability, which is generally considered bad 
practice (but see Frick, 1995), we utilize a compara-
tive approach as a practical way to empirically test the 
theorized mechanisms of representationalism.

2.1.1 � Actions and outcomes

While subjective representations are directly and fully 
causally related to actions, the theoretical connection 
between actions and outcomes is more complicated. 
Entrepreneurial outcomes depend not only on the 
entrepreneur’s actions but are also contingent upon a 
host of other variables. Entrepreneurs perform their 
actions within the flow of time to influence the trajec-
tory of events (Wood et al., 2021) such that the reality 
that emerges entails a higher value state—for the con-
sumer and, thus, for the entrepreneur—than would 
otherwise have been attained without those specific 
actions. Because such actions must occur in the pre-
sent, their consequences to emerge only at some later 
time, and because the factors that interact to effect 
this consequential state of affairs are various and 
often complex and dynamic (Duncan, 1972), such 
consequences or outcomes are objectively unpredict‑
able. That is, the correspondence between actions and 
the state of affairs that actually emerges (i.e., “out-
comes”) is, except in highly controlled environments 
(i.e., not entrepreneurship), tenuous due to the multi-
tude of factors that come into play.

The effects of entrepreneurial action depend, to 
a large extent, on the accuracy of their assumptions 
regarding the causal factors that correspond to the 
preferred outcome. In the context of entrepreneurship, 
success hinges on the entrepreneur’s accurate predic-
tion of consumers’ future wants (Bylund & Packard, 
2022; Packard & Burnham, 2021), and of what will 
best satisfy those wants. Such entrepreneurial activi-
ties are awash with sources of both epistemic (i.e., 
mitigable) unpredictabilities, such as technological 
and financial feasibility, and aleatory (i.e., immiti-
gable) unpredictabilities, such as future demand and 
possible competitive responses (Packard & Clark, 
2020a, b).

Efforts to engage in observation, search, measure-
ment, and data processing can provide causal knowl-
edge and information that entrepreneurs can use to 
mitigate the epistemic unpredictabilities and improve 
prediction. Thus, entrepreneurs can improve expected 
performance outcomes by engaging in prediction and 
planning activities (Chwolka and Raith, 2012) such 
as researching their prospective markets and potential 
competition and searching for, collecting, processing, 
and synthesizing the information required to craft a 
business plan.

However, in socially complex contexts where large 
numbers of agents can behave in ex ante unpredict-
able ways, efforts to mitigate aleatory unpredictabili-
ties through predictive planning and data collection 
may not yield substantial performance benefits (Pack-
ard & Clark, 2020b, c). Instead, entrepreneurs may 
better manage such circumstances via learning and 
adaptive activities (Sarasvathy, 2001), e.g., prototyp-
ing, market testing, and feedback monitoring.

The trade-offs between predictive and adaptive 
strategic approaches lend to a conclusion that entre-
preneurs in contexts of comparatively greater aleatory 
uncertainties will be predisposed toward and gener-
ally benefit from an adaptive approach, while those in 
more established and stable industries may do better 
from the efficiencies that prediction affords (Pack-
ard & Clark, 2020b). Mobile app development—our 
empirical context—for example, is a highly innova-
tive and hypercompetitive setting where the primary 
unpredictabilities include fickle consumer prefer-
ences and low-cost competitive response and entry, 
both aleatory and immitigable (Barlow et al., 2019). 
In contrast, the epistemic unpredictabilities of the 
industry—technological and financial feasibility, for 
example—are comparatively easy to mitigate. Thus, 
while there is variance in objective unpredictability 
in the mobile app industry, aleatory unpredictabilities 
are more-or-less universally stronger than the epis-
temic unpredictabilities in this context. As a result, 
predictive actions are expected to be comparatively 
unproductive. Instead, per effectuation theory (Saras-
vathy, 2001), we expect app developers to do better 
with adaptive-reactive decision strategies to manage 
the unpredictabilities of fickle consumer preferences 
and easy competitive entry, and that such adaptive 
approaches will generally outperform predictive 
approaches.
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More specifically, in accordance with our repre-
sentationalist framework, we expect that this effect 
will positively correspond to the relative objective 
unpredictability of the external environment, and 
not necessarily to the subjective uncertainties of the 
entrepreneur.

H2. Comparatively, adaptive entrepreneurial 
actions will have a more positive impact on entre-
preneurial performance outcomes when objec-
tive unpredictability is high than when subjective 
uncertainty is high.

In short, representationalism posits that the 
mechanics of subjective uncertainty are theoretically 
distinct from those of objective unpredictability in 
their implied effects on entrepreneurial actions and 
outcomes. Let us now empirically examine these 
conclusions.

3 � Methods

3.1 � Data and measures

Our data source is the Google Play app store (play.
google.com/store/apps), the official mobile applica-
tion store for devices running the Android operating 
system. Using web-scraping techniques, we collected 
data for all 9993 apps that were listed on Google 
Play’s categorical lists of “top new” apps on June 7, 
2015. We continued collecting data longitudinally 
for this cohort of apps that were published on Google 
Play each week for one year, ending on June 15, 2016.

This scraped data is supplemented with survey 
responses from the app developers. We emailed an 
online survey link to the 9993 app developers on June 
10, 2015. Participants were asked a series of ques-
tions about their human capital, the actions they took 
to produce and market the app, and how novel and 
innovative they perceived their app to be. On average, 
it took participants 11.5 min to complete the survey. 
No compensation was offered for participation in the 
survey. On July 2, 2015, the survey’s closing date, 
1378 surveys had been started (13.8 percent response 
rate) and 946 had been finished. However, 101 of 
these responses were tied to apps that did not have 
text descriptions written in English on Google Play. 
These apps were excluded from our sample since we 

analyze app text descriptions to create our measure 
of objective unpredictability. Thus, our final sample 
consists of 845 unique apps published on, or up to 
74 days before, June 7, 2015, with 32,934 app-week 
observations collected through June 15, 2016.

On average, at the time we first scraped data, the 
apps included in our sample were more likely to offer 
in-app purchases (14.0% vs. 11.1%, t-stat = 2.497) 
or charge a fee to install their app (9.2% vs. 5.3%, 
t-stat = 4.665), had higher review scores (4.55 stars 
vs. 4.40 stars, t-stat = 5.467), had fewer logged app 
downloads (4.04 vs. 4.89, t-stat = 9.112), and were 
newer (15.1 days old vs. 20.5 days old, t-stat = 3.653) 
than the apps for which we did not obtain survey 
responses. Although some response bias is present, 
we conclude that our sample is valid since it pro-
vides us with responses from economically minded, 
high-quality app developers that had more recently 
released the focal app that we observed in this study.

4 � Objective unpredictability and subjective 
uncertainty measures

Because unpredictability is multidimensional, we 
measure objective unpredictability in two different 
ways: environmental volatility and situational novelty. 
First, we follow strategic management scholars who 
developed archival environmental uncertainty (AEU) 
measures based on an industry’s volatility (Lueg and 
Borisov, 2014). However, the standard 10-year meas-
ure of industry volatility (Tosi et  al., 1973) is not 
plausible for many entrepreneurial endeavors, includ-
ing our research context of the app store, which does 
not yet have such an established history. To adapt 
this traditional metric, then, we created a measure of 
objective unpredictability (volatility) by calculating 
the range in performance—as gauged by the number 
of app downloads—for a focal app’s ten closest com-
petitors in the Google Play app store. The greater the 
range in the downloads of these competitor apps, the 
more unpredictable (i.e., difficult to forecast) the focal 
app’s performance is assumed to be. The creation of 
this measure is a two-step process.

First, we use text analysis to identify a focal app’s 
ten most similar neighbors (Hoberg & Phillips, 
2010). When publishing an app on the Google Play 
platform, developers must write a text description 
which can explain, among other things, the features  
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and benefits of their app. Applying natural language 
processing techniques, we removed words that do 
not appear in the English dictionary, removed stop 
words (e.g., “the,” “your,” “for”), and stemmed words 
to their root form (e.g., “fish” would be the stem for 
“fishing,” “fisher,” and “fished”). This leaves us with 
a word vector for each app that can be compared to 
the word vectors of other apps using basic cosine 
similarity (Hoberg & Phillips, 2010; Hoberg et  al., 
2014; Kwon & Lee, 2003). To elaborate, we calculate 
the pairwise basic cosine similarity between the focal 
apps in our sample and all of the other apps in the 
same Google Play category as of May 20155 using 
the count vectorizer method as shown in formula (1) 
where A represents the word vector for a focal app, 
B represents the word vector for an app published 
by a competitor, i represents each unique word used 
in the two apps’ descriptions, and n represents the 
total number of unique words used in the two apps’ 
descriptions:

This allows us to identify the ten closest competi-
tors (i.e., most similar apps published by other devel-
opers) for each focal app. Of course, this text-based 
method is subject to error since text descriptions 
only capture a portion of the similarity between apps. 
However, prior work has established that such meas-
ures can be used as reliable indicators of between-app 
similarity (Angus, 2019; Barlow et al., 2019; Piening 
et al., 2021).

Next, from this list of a focal app’s ten most simi-
lar competitors, we identify the range in performance 
(i.e., downloads). To do this, we subtract the number 
of downloads for the app from this group of competi-
tors with the lowest number of downloads from the 
number of downloads for the app with the highest 
number of downloads. We then log this result to cor-
rect for extreme skewness. For example, if the most 
successful competitive app has 1 million downloads 
and the least successful competitive app has 1000 
downloads, objective unpredictability would be 

(1)

∑n

i=1
A
i
B
i

�

∑n

i=1
A
2

i

�

∑n

i=1
B
2

i

higher (ln(1,000,000 − 1000) = 13.8) than if the high-
est competitive performer has 10,000 downloads and 
the lowest has 1000 (ln(10,000 − 1000) = 9.1). This 
variable provides a nuanced estimate of how unpre-
dictable performance outcomes might be for a focal 
app, given the volatility in the performance outcomes 
among a group of similar—but exogenous—apps. We 
standardize this logged number to facilitate compari-
son to our measure of subjective uncertainty.

Our second measure, objective unpredictabil‑
ity (novelty), is constructed in a similar way by sub-
tracting the average similarity score of each focal 
app compared to its ten nearest neighbors from one 
(since we are interested in novelty rather than simi-
larity). A score of 0.0 would indicate that the focal 
app has an identical text description to its ten nearest 
neighbors and hence, is not at all novel. In contrast, 
a score approaching 1.0 would indicate that the focal 
app is highly novel since it shares almost none of the 
same words with its ten nearest neighbors. This meas-
ure aligns with the theory developed above, which 
emphasizes the role of novelty in objective unpredict-
ability within the entrepreneurial context (Knight, 
1921; Shackle, 1969).

Together, these measures capture two primary 
and distinct causes of entrepreneurial unpredictabil-
ity. Objective unpredictability (volatility) effectively 
captures “state” unpredictability, while objective 
unpredictability (novelty) better captures the “effect” 
and “response” unpredictabilities of entrepreneurship 
(cf. Milliken, 1987), because highly novel apps have 
no similar cases from which to form expectations 
(Knight, 1921).

Subjective uncertainty is estimated using sur-
vey measures of perceived novelty and innovative-
ness. We combine two survey questions to create this 
measure. The first question is: “You believe that your 
app is 1 (pretty similar to at least one other app, prod-
uct, or service) to 7 (completely unlike any other app, 
product, or service).” The second question is: “Your 
customers would most likely say that your app is 1 
(not at all innovative) to 7 (extremely innovative).” 
We interpret higher scores for both questions as being 
suggestive of greater subjective uncertainty driven 
by the uniqueness and innovativeness of the app. The 
responses to these questions are reliably correlated, 
with a Cronbach’s alpha of 0.713. To calculate sub-
jective uncertainty, we standardize the sum of the 
responses to these two survey questions.

5  We draw on a larger data set collected separately with 1.15 
million apps listed in Google Play in May 2015 when identify-
ing the ten nearest neighbor apps.
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4.1 � Entrepreneurial action measures

We measure actions, or observable efforts of the 
developer to achieve a successful outcome in three 
ways. First, we create a dichotomous measure of 
whether respondents indicate that a business plan 
has been formally prepared or at least informally or 
partially written (1) or remains completely unwritten 
(0). This action variable measures efforts to engage 
in predictive, planning actions and is time invariant, 
obtained via survey response shortly after the app was 
published.

Second, we measure the number of prototype tests 
respondents conducted by asking “In total, how many 
individuals provided feedback on prototype (beta) 
versions of your app before it was first released? (do 
NOT count individuals who helped develop the app).” 
This variable measures an adaptive, flexible action 
developers can engage in before app publication. 
Third, we measure at the app-week level, how many 
times a developer updated its app over the course of 
our year-long observation period. According to Chen 
et  al. (2021), mobile app developers generally adopt 
a three-digit versioning system (e.g., 1.0.2). In this 
versioning system, increments in the first digit rep-
resent major changes to the product, including core 
feature additions or alterations. Increments in the 
second digit represent comparatively minor changes 
and increments in the third digit represent bug fixes. 
We interpret changes to the first digit as the great-
est indication of a developer’s willingness to proac-
tively engage in high-effort adaptive actions with the 
potential to increase performance trajectories after 
publication. We interpret changes to the second and 
third digits as adaptive, but more reactionary actions 
that require a lower degree of effort and which may 
be associated with a lower likelihood of significantly 
improving future performance. We therefore capture 
the count of major (first digit) and minor (second and 
third digits) app updates separately in our tests of how 
actions affect performance outcomes.

4.2 � Performance outcome measure

We measure performance outcomes by the logged 
number of downloads each app had received on a 
weekly basis. Google Play provides downloads data 

in a categorical format, with 19 categories of app 
installs (e.g., 0, 1 to 5, 5 to 10, 10 to 50, …1 billion 
to 5 billion). To create this measure, the lowest num-
ber in the categorical downloads range is identified, 
one is added to this number (to correct for cases with 
zero downloads), and then this number is logged to 
account for skewness. Importantly, Google Play does 
not increment the number of downloads an app has 
received when users merely install version updates.

4.3 � Controls

We include a variety of control variables. At the 
developer level, we control for the development 
organization’s age, as measured by the number of 
days since the organization’s first app was published, 
as well as the number of apps a developer had pub-
lished prior to the focal app. At the respondent level, 
we include dummy variables indicating whether the 
respondent worked alone on the focal app or not and 
whether the respondent considers herself or himself to 
be an owner of the development organization. We also 
control for the respondent’s years of education and 
number of other startups the respondent had owned or 
co-owned. At the app level, we control for the number 
of days the app had been listed on Google Play and 
the length of the app’s text description (logged to cor-
rect for skewness). We also include dummy variables 
indicating whether the app offered in app purchases, 
the app cost money to download, and the respond-
ent indicated that it was extremely, very, or some-
what important to get as many downloads as possi-
ble for the app. Also included is a measure of how 
many downloads (logged to correct for skewness) the 
respondent predicted the app would have after three 
months. Finally, we include fixed effects for each of 
Google Play’s 41 app market categories.

5 � Analysis and results

5.1 � Analysis

We use a variety of analytical models to test our first 
hypothesis depending on the nature of the action-
dependent variable. For our predictive action model 
(business plan writing) we use logistic regression 
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since the dependent variable is dichotomous, keeping 
only the first observation for each app. For our first 
adaptive action model, we use Poisson regression to 
estimate the count of prototype tests respondents per-
formed before the app was published, again keeping 
only the first observation for each app. For our second 
adaptive action, app updates, we use Poisson regres-
sion to estimate the count of app updates (to any 
digit) performed during the data collection period, 
keeping only the last observation for each app.

We also use a variety of models to test our second 
hypothesis. We use ordinary least squares regression 
to explore the effects of objective unpredictability and 
subjective uncertainty on the relationship between 
the time-invariant pre-publication adaptive action of 
prototype testing and logged app downloads, (at the 
time an app was last observed). We split the sample 
at the means of objective unpredictability (volatility), 
objective unpredictability (novelty), and subjective 
uncertainty to facilitate interpretation of the results. 
Finally, we use fixed effects ordinary least squares 
regression panel models to account for unobserved, 
time-invariant app-specific characteristics to examine 
the effects of objective unpredictability and subjec-
tive uncertainty on the relationship between the post-
publication adaptive action of app updating and the 
change in logged app download from 1 week to the 
next. Since we hold our objective unpredictability and 
subjective uncertainty measures constant at the time 
an app was first observed, we must split the sample 
to explore these effects. All models employ robust 
standard errors. In no case do VIF scores suggest that 
multicollinearity is a problem, with mean VIF scores 
below 3.0.

6 � Results

Table 1 presents the summary statistics and correla-
tions for the variables included in this study. All of 
these variables are time invariant, captured at the time 
each app was last observed. As shown in this table, 
our standardized subjective uncertainty and objec-
tive unpredictability measures are not at all correlated 
(r = 0.00 for our volatility measure of objective unpre-
dictability and r = 0.04 for our novelty measure of 
objective unpredictability), lending empirical support 
to our baseline arguments in favor of representation-
alist interpretation of the “environmental uncertainty” 

construct. For our predictive action variables, 37% 
of respondents had written a business plan. For our 
adaptive action variables, an average of 6.26 pre-
publication prototype tests were performed and each 
app received an average of 0.31 major updates and 
1.91 minor updates after publication during our year-
long observation period. On average, apps had 6.62 
logged app downloads (750 raw downloads) when 
last observed.

The results from our tests of H1 are found in 
Table  2. Models 1, 3, and 5 are control models. 
Model 2 tests the comparative effects of subjective 
uncertainty and objective unpredictability on business 
plan writing. As theorized, subjective uncertainty 
has a positive impact (β = 0.284, p = 0.001) on busi-
ness planning while neither objective unpredictability 
measure has a significant effect at the p < 0.05 level. 
Moving from one standard deviation below the mean 
of subjective uncertainty to one standard deviation 
above the mean increases the probability that a busi-
ness plan was written by 33%, from 0.321 (95% C.I. 
0.278 to 0.363) to 0.427 (95% C.I. 0.382 to 0.470). 
This finding lends support to H1.

In model 4, we find that only subjective uncer-
tainty (β = 0.214, p = 0.000), and not objective unpre-
dictability, is strongly positively related to the adap-
tive action of the number of prototype tests performed 
before app publication. In other words, as suggested 
by H1, it is subjective uncertainty, rather than objec-
tive unpredictability (whether measured by volatility 
or novelty), that is positively associated with proto-
typing behaviors. Moving from one standard devia-
tion below the mean of subjective unpredictability 
to one standard deviation above its mean is associ-
ated with a 53% increase in the predicted count of 
prototype tests performed, which rises from 4.833 
(95% C.I. 4.203 to 5.462) to 7.410 (95% C.I. 6.674 
to 8.145). Thus, we find strong evidence in support 
of the notion that subjective uncertainty is positively 
related to the pre-launch adaptive action of prototype 
testing, predicted by H1. However, in Model 6, nei-
ther subjective uncertainty nor objective unpredict-
ability are found to be positively associated with the 
total number of app updates (both major and minor) a 
developer makes.

Table  3 shows the effects of pre-launch actions 
(both predictive and adaptive) on performance 
outcomes for our testing of H2. Model 1 is the 
control model. Here we observe that objective 
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unpredictability (volatility) has a positive and signifi-
cant effect on app downloads (β = 0.216, p = 0.005). 
Although this seems counterintuitive, recall that this 
measure of objective unpredictability (i.e., the down-
load variance across a focal app’s ten most textually 
similar competitors) necessarily implies that an app 
has the highest objective unpredictability where at 
least one competitor app has received a high num-
ber of downloads and at least one competitor app has 
received a low number of downloads. The presence 
of a highly successful competitor suggests that there 
is established market demand for a particular type of 
app, which could increase the expected performance 
of a new app, on average. However, the simultane-
ous presence of low-performing competitors makes 
it difficult to predict precisely how, on a wide spec-
trum of competitive performance, the focal app will 
perform. In contrast, in our data objective unpredict-
ability (volatility) is typically lowest when all of a 
focal app’s closest competitors have received very 
few downloads (it was rare for an app’s competitors to 
be all successful). In other words, there is low unpre-
dictability where the introduction of an app is near 
all unsuccessful competitors—it is easy to (correctly) 
predict that the new app will also have low perfor-
mance. In contrast, Model 1 shows that subjective 
uncertainty is negatively related to app downloads 
(β =  − 0.288, p = 0.000).

Table  3, Model 2 introduces the effect of pre-
launch actions (i.e., business planning and prototype 
testing) and finds that only prototype testing produces 
a positive and significant effect (β = 0.022, p = 0.022). 
In models 3 and 4, we explore whether the value of 
prototype testing (a pre-publication flexible action) 
is affected by the level of objective unpredictability 
(volatility), as H2 suggests. Here, we only observe 
a significant effect for prototype testing in Model 4 
where objective unpredictability (volatility) is low 
(i.e., below the mean) (β = 0.035, p = 0.003). A dif-
ferent result emerges when using the objective unpre-
dictability (novelty) measure, as in models 5 and 6. 
As model 5 shows, prototype testing only has a posi-
tive effect when objective unpredictability (novelty) 
is high (β = 0.025, p = 0.046). As expected, models 6 
and 7 indicated that splitting the sample along subjec-
tive uncertainty does not affect the utility of this flex-
ible, adaptive action. Based on these results, we con-
clude that H2 receives support based on our novelty 
measure of objective unpredictability. Notably, these N

 =
 84
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results suggest that the benefits of prototyping are 
confined to the unpredictabilities related to novelty, 
and not to unpredictabilities that result from perfor-
mance variability. We might infer from this that the 
benefits of prototyping are in validating unpredictable 
value, which performance volatility metrics do not 
clearly capture.

In Table 4, we present the regression models used 
to test the relationship between app updates and 
changes in performance, controlling for app and week 
fixed effects. More specifically, these models explore 
the effects of making an app update (either major 
or minor) 1  week on the change in app downloads 
(logged) the following week. Model 1 shows that 
major app updates are generally beneficial (β = 0.108, 
p = 0.030), as are minor app updates (β = 0.094, 
p = 0.000). In models 2 through 7, the effect of minor 
updates remains positive and significant, but is statis-
tically indistinguishable from the effect size observed 
in Model 1. In other words, the benefit of minor app 
updates is not moderated by the level of objective 
unpredictability or the level of subjective uncertainty 
in this empirical context.

Model 2 shows that major app updates become sig-
nificantly more beneficial when objective unpredict-
ability (volatility) is high (greater than 0) (β increases 
from 0.108 in Model 1 to 0.275 (p = 0.011) in Model 
2). In contrast, when objective unpredictability (vol-
atility) is low (less than or equal to 0), as in Model 
3, there is no significant relationship between major 
app updates and changes in app downloads. Models 
4 and 5 explore app updating effects when the sample 
is split at the mean of objective unpredictability (nov-
elty). Here, major app updates become significantly 
more beneficial when objective unpredictability (nov-
elty) is low (β = 0.178, p = 0.031 in model 5). Our 
intuition here is that this may be because highly novel 
apps do not get sufficient market feedback to prompt 
such updates. We also observe, in model 7, that 
major app updates are significantly related to perfor-
mance when subjective uncertainty is low (β = 0.179, 
p = 0.031). In an unreported analysis (omitted to 
conserve space), we find that this effect only holds 
when objective unpredictability (volatility) is high or 
when objective unpredictability (novelty) is low, sug-
gesting that it is actually objective unpredictability 
rather than subjective uncertainty that is driving these 
results. Overall, these results indicate support for H2, 

but only when drawing on our volatility-based meas-
ure of objective unpredictability.

6.1 � Robustness tests

We probe the robustness of these results in a variety 
of ways. These models are omitted to conserve space 
but are available upon request from the authors. For 
H1, we adopt ordered categorical measures for the 
number of hours respondents spent writing business 
plans and conducting prototype tests (0  h; 1–25  h; 
26–50 h; 51–75 h; 76–100 h; and more than 100 h) 
and find similar results. We also run the main models 
separately on the individual survey measures of nov-
elty and uniqueness, again finding similar results. In 
addition, we run a random effects regression to pre-
dict the probability that a developer will update their 
app in a given week but, as in our main models, do 
not find a significant relationship between either sub-
jective uncertainty or objective unpredictability and 
app updating.

For H2’s tests of pre-publication actions, we used 
the ordered categorical hour measures in place of our 
main measures. In this case, we find that none of the 
actions, including prototyping hours, are significantly 
related to app downloads. This suggests that the num-
ber of individuals with whom a developer tests proto-
types is more important than the amount of time the 
developer spends conducting these tests. We also run 
the panel models incorporating random effects, keep-
ing all observations for each app, and finding similar 
results. For H2’s fixed effects tests of post-publica-
tion actions, we change the lag between updates and 
changes in installs to 1 and 2  weeks. Again, these 
specifications generate results consistent with our 
main findings.

7 � Discussion

We propose that there has been a pernicious “all-
seeing eye” assumption in entrepreneurship, like the 
other social science disciplines. In entrepreneurship, 
however, the significance and impact of this assump-
tion on our science are especially strong due to the 
theoretical centrality of individual beliefs and actions 
(McMullen & Shepherd, 2006). Various efforts to 
unravel the causes of entrepreneurial action (see 
Parker, 2009, Ch. 4 for a review) have, in this sense, 
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been perhaps overly deterministic, theoretically 
bypassing the central and mediating roles of indi-
vidual intentionality in these causal processes. In fact, 
prevailing philosophical thought regarding human 
perception implies that all cognition is composed of 
representations—we do not perceive reality directly, 
but “see” only images mentally constructed from 
sense stimuli.

While we recognize that our fundamental point—
that perception is not reality—is widely accepted and 
intuitively obvious, we also hasten to note that our 
contribution is far more fundamental and profound 
than simply pointing out the obvious. If our conclu-
sions are correct (regarding uncertainty specifically) 
that perception is not reality, then why do we con-
tinue to treat them, scientifically, as if they were the 
same (but with error)? Perception is not reality but 
with error. It is subjectively constructed and at least 
partially intentional. Further, we argue that they are 
not merely distinct, but that they occupy distinct theo-
retical positions within entrepreneurial action theory. 

While they are causally connected, they have different 
causes and effects.

Accepting what may seem obvious on the sur-
face in fact requires a profound shift in the theory 
and metatheory of our social scientific endeavors. 
The implications of accepting representationalism 
are, in fact, severe. It includes a radical rethinking at 
both the meta-theoretical and theoretical levels. The 
meta-theoretical implications have been the subject of 
various efforts to rethink the philosophical underpin-
nings of our science (e.g. Alvarez et al., 2014; Bylund 
& Packard, 2022; McBride & Wuebker, 2022; Pack-
ard, 2017, 2018; Ramoglou, 2021). Our interest here, 
however, has been at the abstract-theoretic level, i.e., 
what does representationalism mean for the basic 
assumptions and tenets of entrepreneurial action 
theory. One such theoretical implication is the badly 
needed theoretical separation of objective unpredict-
ability from subjective uncertainty, as we have herein 
developed.

In our empirical investigation of app develop-
ers, we observed strong evidence that objective 

Table 4   Ordinary least squares fixed effects panel regressions 
examining whether objective unpredictability and subjective 
uncertainty moderate the relationship between the post-launch 

adaptive action of app updating when predicting the change in 
app downloads (logged) from week to week

Robust standard errors in brackets. ***p < 0.001, **p < 0.01, *p < 0.05. Models 2 and 3 are run on subsamples where objective 
unpredictability (volatility) is above or below zero, respectively. Models 4 and 5 are run on subsamples where objective unpredict-
ability (novelty) is above or below zero, respectively. Models 6 and 7 are run on subsamples where subjective uncertainty is above or 
below zero, respectively. These models show that making major app updates is positively associated with an increase in app installs 
from week to week, particularly when objective unpredictability (volatility) is high, objective unpredictability (novelty) is low, and 
subjective uncertainty is low

Variable High Obj. Unp. 
(volatility)

Low Obj. Unp. 
(volatility)

High Obj. 
Unp. (novelty)

Low Obj. Unp. 
(novelty)

High Subj. Unc Low Subj. Unc

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Count of app updates (major) 0.108* 0.275* 0.065 0.035 0.178* 0.045 0.179*
[0.050] [0.108] [0.050] [0.071] [0.082] [0.073] [0.082]

Count of app updates (minor) 0.094*** 0.085** 0.103*** 0.091*** 0.097*** 0.094*** 0.099**
[0.017] [0.026] [0.020] [0.026] [0.023] [0.019] [0.033]

App fixed effects Included Included Included Included Included Included Included
Week fixed effects Included Included Included Included Included Included Included
Constant 3.996*** 4.473*** 3.694*** 3.899*** 4.108*** 3.961*** 4.028***

[0.041] [0.071] [0.049] [0.054] [0.061] [0.057] [0.058]
App-week observations 32,934 12,756 20,178 17,618 15,316 15,802 17,132
R-squared 0.556 0.559 0.557 0.557 0.559 0.566 0.551
Number of apps 845 327 518 448 397 403 442
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unpredictability is not equivalent to subjective uncer-
tainty, dispelling the long-supposed accuracy of the 
positivist tradition and its “all-seeing eye” in entre-
preneurial research. An environment may be highly 
unpredictable, but an actor within that environ-
ment need not necessarily be subjectively uncertain 
about it. This result casts strong doubt over classical 
research on “environmental uncertainty,” i.e., objec-
tive unpredictability and its role within the entrepre-
neurial process (see Magnani & Zucchella, 2018 for 
a review). Indeed, we did not find subjective uncer-
tainty (which directly influences entrepreneurial 
action) to be fully or even partially reflected by our 
measures of objective unpredictability. It is certainly 
possible, perhaps even common, for entrepreneurs’ 
uncertainty to correlate only loosely, if at all, with 
what is truly unpredictable.

In this research, we have focused specifically on 
the role of uncertainty as a key factor in the entre-
preneurial journey depicted by entrepreneurial action 
theorists (McMullen & Shepherd, 2006; Packard 
et  al., 2017). Uncertainty is indisputably key in the 
entrepreneurial process, but its role has often been 
oversimplified through the lens of a presumptive all-
seeing eye. That is, we often depict uncertainty as 
having a direct dampening effect on entrepreneurial 
action. But this is a clear oversimplification. Uncer-
tainty is a subjective state of mind (McMullen and 
Shepherd, 2006). Our empirical study strongly vali-
dates representationalism’s distinction between an 
objective state of affairs and our perceptions of and 
reactions to it. It is one’s epistemic reality that drives 
action (McBride & Wuebker, in press)—empiri-
cally, all of our models testing the effect of subjec-
tive uncertainty on pre-launch entrepreneurial actions 
showed a positive relationship. App developers with 
higher subjective uncertainty were more likely to 
perform additional pre-publication actions, such as 
writing a business plan, conducting research on com-
petitors, and prototype testing the app with a larger 
number of beta testers. Interestingly, subjective 
uncertainty did not significantly affect app develop-
ers’ response to market feedback post-publication, as 
measured by app updating behaviors. The observed 
difference in the effects of subjective uncertainty on 
pre- and post-product launch actions highlights the 
importance of accounting for time in studies of entre-
preneurial action (Rindova & Martins, 2022; Wood 
et al., 2021) and merits further exploration.

Ontological reality, on the other hand, has less 
direct say in the actions we perform than commonly 
understood. Empirically, we found a significant 
direct relationship between objective unpredictability 
and only one of the aforementioned entrepreneurial 
actions: hours spent researching competition. Thus, we 
observed, generally, that mental representations are the 
primary driver of pre-publication uncertainty mitiga-
tion adaptive and planning entrepreneurial actions. We 
must take greater care, then, in ensuring this distinction 
between environmental or situational unpredictability 
and individual uncertainty about the environment or 
situation. They may often be correlated (Lueg & Bori-
sov, 2014), but they are theoretically and empirically 
distinct.

We also empirically validated recent arguments 
that, within the context of strong “aleatory” (i.e. 
immitigable) uncertainty, the type of action mat-
ters such that adaptive, flexible actions with frequent 
judgment revisions and course corrections are prefer-
able and more strongly associated with entrepreneur-
ial success than predictive, planning actions (Packard 
& Clark, 2020a, b, c). In our models, both adaptive 
actions—pre-publication prototyping and post-publi-
cation updates—increased app success. Such activi-
ties, of course, come at a cost of streamline efficiency, 
which is generally preferable in more stable strate-
gic contexts where prediction and planning are more 
viable. Such planning actions were of no observable 
consequence in our study, as neither business plan 
writing nor competitor research drove performance 
outcomes. Thus, our study finds, in the context of 
mobile app development, that flexibility and adapta-
tion were critical to success (cf. Sarasvathy, 2008) 
while planning was not, in line with our theorizing.

However, our results suggest that, at least in the 
context of app development, prototype testing is gen-
erally beneficial, while post-publication updating (in 
the form of major app feature change updates, rather 
than simple bug fixing) is particularly beneficial 
under high objective unpredictability. While the lat-
ter is consistent with our theorizing, intuition would 
suggest that prototyping ought to be comparatively 
more beneficial under higher unpredictability also. 
One possibility for this result is that, unlike our meas-
ure of app updating, our measure of prototyping is 
not granular enough to distinguish prototype testing 
performed to learn and generate substantive feature 
changes from prototype testing performed simply to 

R. W. Angus et al.1166



1 3
Vol.: (0123456789)

debug the app or to generate pre-publication market 
interest. Additionally, the benefits of app prototyping 
are in the feedback from consumers in the usability 
of an interface and its features. However, research 
suggests that customers are limited in their ability 
to provide such feedback because their creativity is 
constrained by, and to, familiar solutions (Bennett 
& Cooper, 1981; Leonard & Rayport, 1997). Fur-
thermore, the pool of beta testers may not be a rep-
resentative subpopulation compared to the broader 
population of users who actually pay for (or at least 
download) the launched app, who have a particular 
need that they are trying to satisfy. Thus, prototype 
testing can provide beneficial, though imperfect, 
information to app developers before they publish an 
app. When unpredictability is high, it may be particu-
larly unclear whether an app’s initial feature set will 
appeal to customer audiences, post-publication. When 
unpredictability is high, then, post-launch product use 
feedback (where developers can see how users are 
using and misusing the app), what users are trying 
to do, and how well the app is satisfying real needs 
may become particularly beneficial to app develop-
ers. Again, these results emphasize the importance of 
considering intertemporality in entrepreneurial action 
research and warrant further exploration.

8 � Conclusion

Entrepreneurs are a rare breed, not because they are 
different in nature but because they see something 
different, they want something different, and entre-
preneurship is understood by them to be the best 
means to those distinct ends. Perception and inten-
tion belong center-stage in a theory of entrepreneur-
ship (Bird, 1988; Fayolle & Liñán, 2014). To put 
them there may require rethinking the foundations 
of our science (Berglund, 2015; Packard, 2017). This 
research is an effort to empirically show how and why 
such a shift is warranted and clarifies one of the most 
common and consequential assumptions in social sci-
ence. Uncertainty and unpredictability are distinct 
and should be theoretically and empirically distinct. 
Let us reject the all-seeing eye and renew our efforts 
to study entrepreneurship through the eyes of entre-
preneurs themselves.
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