
Erasmus University Rotterdam (EUR)
Erasmus Research Institute of Management
Mandeville (T) Building
Burgemeester Oudlaan 50
3062 PA Rotterdam, The Netherlands

P.O. Box 1738
3000 DR Rotterdam, The Netherlands
T +31 10 408 1182
E info@erim.eur.nl
W www.erim.eur.nl

520

A
LJA

! SLU
G

A
  -  H

o
u

r o
f Ju

d
g

m
en

t

Hour of Judgment
On judgment, decision making, and problem solving 
under accountability

ALJA! SLUGA
Accurate judgment, adaptive decision making, and ability to fi nd insightful solutions to challenging 
problems are some of the key qualities organizations aspire to instill in their members. In the service 
of this goal, designers of management systems draw on a variety of approaches, ranging from formal 
contracts to subtle “nudges.” At the core of many of these approaches is the idea of accountability, 
the use of external scrutiny to bring about desired behavior and outcomes. How should accountability 
be implemented to elicit optimal performance from individuals? Does scrutinizing the process the 
accountable individual is using tend to yield more accurate judgments and decisions than focusing strictly 
on the outcome? Does the answer depend on the nature of the decision environment? Does the answer 
hold in the domain of problems that call for insightful solutions? What are the cognitive and a! ective 
mechanisms that mediate the di! erences in performance between process accountability and outcome 
accountability? Are these e! ects robust or do they depend on currently insu"  ciently understood 
moderating factors? This dissertation reports the results of a series of behavioral experiments designed to 
shed light on these and related questions.
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Chapter 1
Introduction

I know that there is an eye that watches all of us
There is a judgement that weighs everything we do

— Leonard Cohen knows about annual performance reviews

Summary:

This chapter provides the context and introduction to the rest of the dissertation. After
introducing the topic of this dissertation and delimiting its scope (section �.�), I consider
definitions of accountability and settle on two working definitions, a broad one and a narrow
one (section �.�). Next, I summarize the previous experimental literature on the topic and
introduce and discuss the distinction between process and outcome accountability (sections
�.� and �.�). Sections �.�, �.�, and �.� highlight the issues and questions that motivate the
empirical research reported in Chapters �, �, and �. In particular, section �.� emphasizes the
importance of replication and introduces Chapter �. Section �.� notes the paucity of research
on the effects of accountability on creative problem solving, introduces insight problem solving
as one aspect of creative problem solving, and outlines Chapter �. Section �.� discusses the
connection between (ir)rationality and accountability and motivates Chapters � and �. Next,
section �.� discusses how the value of laboratory research can be maximized and concludes
with five recommendations for future research. Finally, section �.� consists of a declaration of
contribution.

Acknowledgments:

I thank Philip Eskenazi for commenting on an earlier version of this chapter.
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�.� Scope of the dissertation

The studies in this dissertation deal with human judgment, decision making, and problem
solving. Each of these topics is incredibly broad and has spawned a correspondingly vast
literature in psychology, management, neuroscience, and other academic fields. But much of
this work ignores the social context in which these activities of the human mind take place. As
Tetlock observed back in ����, laboratory studies tend to create a “social vacuum” in which
experimental subjects have no need to consider the interpersonal consequences of their actions.
Outside of the laboratory, in contrast, people frequently make decisions that are scrutinized by
others, report on and defend their approach to problem solving, and justify their judgments
in order to be evaluated favorably by others and not face unpleasant consequences. In short,
people are accountable to each other. Research conducted since ���� testifies to the importance
of understanding this social context whenmaking predictions about human judgment, decision
making, and problem solving (Lerner and Tetlock, ����; Hall et al., ����). This dissertation
presents an attempt to contribute to this body of work.

I approach the topic of accountability from the standpoint of a management system designer
who is interested in facilitating the performance of individuals. I use the termmanagement
system designer in a broad sense; it subsumesmanagers interested in influencing the behavior of
their direct reports, executives concerned with the behavior of a great many members of their
organization, and even supraindividual entities such as oversight boards. And by performance
I mean any kind of desirable external outcome that is at least partly under the control of the
accountable individual, including successful hiring and other business decisions, useful and
accurate forecasts, fair performance appraisal ratings, creative marketing campaigns, etc.

For the management system designer, various ways of introducing accountability are part
of a larger toolkit that includes approaches such as educational campaigns and training (for
example, training managers to use natural frequencies to improve probabilistic reasoning;
Hoffrage et al., ����), changes to the physical work environment (for example, switching
to or ditching an open office plan; Bernstein and Waber, ����), setting default options and
various other forms of choice architecture (Thaler and Sunstein, ����), etc. In order to make an
informed decision about whether to rely on accountability instead of (or together with) these
other approaches, the management system designer needs to know under what circumstances,
and in what form, accountability facilitates performance.

Questions like these can be difficult to answer for multiple reasons. For example, it can be
difficult to disentangle the effects of a particular accountability system from other causal forces.
And when other individuals or groups of people carry out the proposed system, monitoring
the quality of the implementation can be challenging. Outcomes of interest can be difficult to
measure, especially as we move away from simple types of productivity and wish to influence
more complex outcomes, such as creative output. Outcomes of interest can also take a long
time to manifest, limiting the scope for exploration and raising the stakes of introducing a
change to the status quo.

Laboratory experiments present one way of cutting through this complexity and obtaining
answers to difficult questions. Bringing accountability into the lab has some compelling
advantages. We canmake justified inferences about causality. We canmanipulate accountability

�



in (almost) any way we like, even if it is not something real-world organizations are particularly
keen on trying. We can administer detailed measures to gain insight into the underlying
mechanisms that drive behavior. And we can repeat our experiments rather easily to see if the
results hold up. Clearly, laboratory experiments are not the only way to study accountability
questions, neither do I claim they are the best. But they do present a kind of a playground
where ideas on how accountability should be implemented can be investigated systematically
and at a relatively low cost. From this vantage point, the observation that accountability in the
lab often differs a lot from accountability in the real world can be reframed from a criticism
to an expression of approval. Less of a “major methodological limitation” (Patil et al., ����),
more of a potential step toward something better.�

The approach I follow in this dissertation (both content-wise and method-wise) means that
many things are left out. For example, the focus on the individualmeans that the performance
of teams under accountability is ignored, even if team-level accountability sometimes works
better than individual-level accountability (Garbers and Konradt, ����). And the focus on per-
formancemeans that the effects of accountability on the well-being of accountable individuals
are likewise ignored, even if they are considerable, a precursor to future performance, and
important in their own right (Hall et al., ����; Hochwarter et al., ����). These and many other
related topics are important but they are not covered in this dissertation, except indirectly.

�.� In search of accountability

The larger academic literature offers numerous definitions of accountability, leading Mulgan
(����) to describe it as a “complex and chameleon-like term” and an “ever-expanding concept.”
He notes several ways in which scholars in the field of public administration extended the
concept beyond its original, core meaning. These extensions include internal accountability
to oneself in the absence of external scrutiny, accountability as a catchall term for all forms
of control that one party uses to bring the behavior of another party in line with its interests,
accountability as the degree to which one party is responsive to the preferences of another, and
accountability as dialogue that consists of open discussion and debate (Ibid.). In academic
fields closer to this dissertation, the desire for accountability to engulf ever larger regions of
conceptual space is less pronounced. Nevertheless, some variation exists, making it important
to clarify what the term captures in this dissertation.

In line with Mulgan (����), I highlight the potential for external scrutiny as a defining com-
ponent of accountability. The accountable individual believes that an external party may
monitor and evaluate their behavior or its traces and consequences. Moreover, the accountable
individual believes that non-negligible consequences for their well-being may stem from this
evaluation. Therefore, the external party (evaluator, principal, audience—I use these terms
interchangeably in this dissertation) can be functionally decomposed into two elements. First,
the evaluator assesses the acceptability of the accountable individual’s behavior or its conse-
quences and in this way serves as a mediating variable between the individual’s output and the

�This argument should not be abused. It only pertains to those pecularities of accountability design found in the
lab that could potentially be exported to real-world accountability systems.
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rewarding or punishing consequences for the accountable individual. In some accountability
systems, the outcome of this assessment may eventually be formalized, as when a supervisor
assigns a numerical rating to the performance of their direct report in a given year. Second,
the evaluator is a source of rewarding or punishing consequences. These consequences could
be tangible, as when a supervisor decides whether their direct report should be demoted (or
promoted). The consequences need not be immediately tangible, however (Siegel-Jacobs and
Yates, ����). Given the importance of other people for well-being or even survival, individuals
are highly attuned to the reputational consequences of their own behavior (we can think of
these as deferred tangible consequences). In essence, then, accountability exploits our ability
to anticipate (throughmentalizing and associated processes; Frith and Frith, ����) these two
components of accountability and adjust our thought and behavior in advance.

One element that is conspicuously missing in the previous paragraph is account-giving, the
process of describing, explaining, and justifying one’s behavior or its consequences. This
element is central to the original meaning of accountability (Mulgan, ����) and many of
its definitions. For example, the most often quoted definition in the psychology literature
defines accountability as an “implicit or explicit expectation that one may be called on to justify
one’s beliefs, feelings, and actions to others” (Lerner and Tetlock, ����). On the other hand,
some definitions leave account-giving out. For example, Hall and Ferris (����) define it as
“an implicit or explicit expectation that one’s decisions or actions will be subject to evaluation
by some salient audience(s) with the belief that there exists the potential for one to receive
either rewards or sanctions based on this expected evaluation.” Or, as Merchant and Otley
(����) succintly put it, accountability means that “individuals are rewarded when good things
happen and punished when bad things happen.” Moreover, in the experimental literature
accountability is sometimes operationalized in a way that does not include account-giving (see
section Process and outcome accountability).

In light of this variation, I offer a narrow conception of accountability that includes account-
giving as a defining component and a broad conception where account-giving is optional. From
an ecological perspective, spilling ink over this distinction may seem unneccessary because the
potential for account-giving seems almost unavoidable. But from a scientific perspective, we
should not prematurely decide it is irrelevant. For example, if some experimentalmanipulations
feature account-giving and others don’t, we need to recognize the difference and the possibility
that it matters. And from a design perspective, the presence, form, and intensity of account-
giving is one more set of knobs we can turn when seeking to incentivize optimal performance.

From the perspective of this dissertation, accountability is a social technology, a broad spec-
trum of tools available to the management system designer characterized by their common
purpose and means of achievement. Many investigators, however, use the term felt account-
ability, which draws attention to the psychology of the accountable individual. The term
serves a useful purpose in reminding the management system designer that the effects of a
formal accountability system ultimately hinge on the interpretations and characteristics of
the individuals interacting with it (Hall et al., ����). It need not, however, involve any kind of
ontological commitment as to what kind of a psychological state accountability is or even that
such a distinct state exists.

A more ambitious usage of the term is found in survey research, where felt accountability is a
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construct often measured with the scale developed by Hochwarter et al. (����, see Hochwarter
et al. (����); Hall et al. (����)). The scale features eight items that refer to intensity (e.g. “The
jobs of many people at work depend on my success or failures”) and scope (e.g. “I often have to
explain why I do certain things at work”) of accountability arrangements being present in the
individual work environment. Such instruments are used to correlate felt accountability with
other variables of interest, such as job performance (Vivian Chen et al., ����), job satisfaction
(Breaux et al., ����), job-related tension (Hochwarter et al., ����), and abusive behavior
(Mackey et al., ����). These self-report measures of felt accountability are relatively blunt
research tools, designed to fit the needs and characteristics of survey research. In contrast,
the high degree of control afforded by the laboratory approach means there is less need to
capture individuals’ subjective impressions. Accordingly, there is little measurement of felt
accountability in this stream of research and in this dissertation (but see Chapter �).

�.� A short tour of the literature

Accountability has been the subject of laboratory experimentation for over four decades. What
has been learned so far that could assist the management system designer in their quest to
improve the performance of individuals? In this section, I summarize the main theoretical
ideas in the literature while also highlighting a few experimental demonstrations and relating
these ideas to the perspective of a management system designer that underlies this dissertation.
For the purpose of this review, I divide the literature into two periods. Early period spans from
the initial research conducted in the seventies up to the publication of the influential review
by Lerner and Tetlock (����), and later period refers to research conducted ever since.

The results of the early period are encapsulated in the social contingency model of accountability
advanced by Tetlock (����; ����) and later updated by Tetlock and Lerner (����). The model is
rooted in an inductive approach to theorizing and remains the most influential theoretical
account of accountability in the psychology literature (Hall et al., ����). As its name suggests,
the model emphasizes the varying, contingent nature of the effects of accountability. Because
these effects can run counter to the interests of the management system designer and other
relevant stakeholders, the model underscores the need to carefully consider the decision to
implement accountability and the way in which this is accomplished.

Before summarizing these varying effects and their precursors, let us briefly examine the core
of the social contingency model. First, the model views behavior as being driven by explicit
motives. Although the model inherits five basic motives from the broader literature, it mainly
emphasizes two. These are seeking social approval andminimizing cognitive work.� Accordingly,
individuals are assumed to think and act in ways that are likely to result in the approval from
the relevant audience while also minimizing the extent of cognitive work. Second, the model’s
implicit area of application is the accountable individual’s thought process and behavior during
a discrete episode composed of three stages: (i) initial cognitive activity and behavior that
leads to (ii) some externally relevant output (such as judgment or choice) and is followed

�The ones not mentioned in the main text are achieving cognitive mastery, maximizing the cost-benefit ratio of
relationships, and asserting autonomy.
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by (iii) further cognitive activity that cannot change the output anymore. As an example,
a loan officer could (i) assess a loan application, (ii) make the call to approve a loan, and
(iii) continue receiving relevant information afterwards. Against this background, the model
emphasizes how characteristics of accountability (as reflected in the accountable individual’s
state of knowledge) and other relevant factors lead to different coping strategies (patterns of
thought and behavior) by moderating the relative importance of different motives and the
feasibility of their achievement (Tetlock and Lerner, ����).

The initial formulations of themodel highlighted threemajor coping strategies and linked them
to variation in two aspects of an individual’s state of knowledge regarding the accountability
situation they find themselves in. These aspects are the timing of the accountability imposition
and the extent of the accountable individual’s knowledge about the audience’s views. Starting
with the latter, the model suggests caution when introducing accountability to an audience
with a directional preference that does not coincide with the objectives of the management
system designer. In this case (as long as the imposition of accountability happened before stage
(iii)), the model suggests that individuals are likely to engage in (strategic) attitude shifting in
the direction of the audience’s view or preference, as this coping strategy jointly maximizes
social approval and minimizes cognitive work (on the assumption that the audience is less
likely to demand rigor if the output agrees with their preference). A classic case appears in the
performance appraisal context (Klimoski and Inks, ����). The management system designer
may wish to facilitate ratings that accurately capture employees’ performance but the rating
manager’s accountability towards their direct reports (who have a clear preference for higher
ratings) often results in elevated ratings (leniency bias; Bretz et al., ����; Bol, ����).

As an antidote to this tendency towards conformity (that may not neccessarily be strategic;
Pennington and Schlenker, ����), the model highlights accountability to an audience with
unknown views (a condition of so-called normative ambiguity; Tetlock, ����). The resulting
coping strategy (pre-emptive self-criticism) involves effortful, multi-dimensional, and self-
critical cognitive processing (Tetlock, ����). An early demonstration was provided by Tetlock
(����a) who asked his experimental subjects to take a position on controversial social issues.
While subjects’ responses tended in the direction of the audience’s views when the latter
were known, private thought protocols revealed more integratively complex thinking when
the views of the audience were unknown. The benefit of this kind of accountability also
interacts with timing; Tetlock (����b) found it reduced the primacy effect (undue influence of
information presented early on the final judgment) but only when subjects were made aware
of the need to justify their judgment before they began evaluating the evidence, i.e. before
stage (i). This kind of accountability, Tetlock (����b) concludes, “may represent a simple,
but surprisingly effective, social check on many judgmental shortcomings documented in
the current experimental literature.” Returning to our example of performance appraisal,
knowledge of the audience’s preference seems difficult to avoid in this setting (although it may
be exacerbated with the practice of ex-ante self-assessment) as does a manager’s accountability
towards their direct report. Following the social contingency model, one solution would be to
introduce additional accountability to an audience with incongruent preferences. The practice
of calibration committees presents one way of accomplishing this (Demeré et al., ����).

The discussion so far focused on so-called predecisional accountability. That is, individuals are
aware of the need to justify their position or decision before they commit to it. If accountability
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is instead imposed retroactively (stage (iii) above), it is likely to facilitate efforts to justify
the previous position or decision (defensive bolstering; Tetlock et al., ����). Accordingly,
accountability can exacerbate commitment to a failing course of action (Simonson and Staw,
����)�. The business simulation study by Fox and Staw (����) suggests that this effect is
strongest when the individual is accountable to a skeptical audience and has low job security.

Overall, the social contingency model has clear practical implications. It sensitizes the man-
agement system designer to the danger of retroactive accountability and the importance of
considering the preferences of relevant audiences. The latter aspect also makes it clear that
decreasing transparency and information flow can be a valuable addition to the toolkit of the
management system designer. At the same time, the model’s implications seem unlikely to
be particularly revelatory to an experienced practitioner, limiting its utility as a roadmap to
management system design.

Moving onto the later period of experimental research on accountability, we can detect two
main streams. One of these is primarily concerned with phenomena in which human cognition
appears to fall short of some normative standard. This work investigates if accountability
can be used to eliminate or at least attenuate a particular bias or error (typically as part of a
broader research agenda concerning said bias or error). Because earlier literature (summarized
above) highlights the potential of what Lerner and Tetlock (����) describe as predecisional
(and preexposure) accountability to an audience with unknown views, this stream employs this
particular form of accountability. For example, researchers have investigated if accountability
reduces judgmental biases in the context of negotiation (de Dreu et al., ����), decreases prede-
cisional distortion of information (a form of confirmation bias) by auditors and salespeople
(Russo et al., ����), curtails self-enhancement tendencies (Sedikides et al., ����), decreases
loss aversion (Vieider, ����), reduces preferences reversals induced by framing (Vieider, ����),
decreases escalation of commitment (Moser et al., ����), improves information sharing and
decision quality in a group decision-making context (Scholten et al., ����), and improves
decision making involving simple and compound events (Vieider, ����). In the field of man-
agement accounting, Libby et al. (����) examined if accountability improves performance
evaluation judgments based on balanced scorecards, Rausch and Brauneis (����) investigated
the potential of accountability to facilitate optimal preparation of information for managerial
decision making by management accountants, and Fehrenbacher et al. (����) tested the abil-
ity of accountability to reduce the influence of affective reactions to a manager proposing a
project in capital budgeting decisions. Overall, most of these studies highlight the potential of
accountability as a tool for improving performance.

The second dominant stream of recent experimental literature focuses on the distinction
between process accountability and outcome accountability. Because the distinction plays a
prominent role in this dissertation, it is covered separately in the next section.

�But see Schulz-Hardt et al. (����) for a recently published failed attempt to replicate this effect.
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�.� Process and outcome accountability

The body of work summarized in the previous section suggests that accountability can be an
effective tool for debiasing faulty judgment or choice and otherwise improving performance.
In line with the social contingency model, these effects are typically observed when researchers
implement predecisional, preexposure accountability under the conditions that prevent simple
conformity to a flawed standard. But the literature also hints at another characteristic of
successful accountability systems. In particular, researchers often explicitly inform their
experimental subjects that they will have to explain and justify how they arrived at a particular
judgment or choice. Under this type of accountability, the evaluative focus is on the process(es)
that an individual employs during judgment, decisionmaking, or problem solving. Accordingly,
this type of accountability is called process (or procedural) accountability (Simonson and Staw,
����; Siegel-Jacobs and Yates, ����; Patil et al., ����).

To the management system designer, however, the process that the accountable individual
relies on is not in itself of primary importance. Naturally, there will always be constraints (for
example, ethical ones) that the accountable individual’s way of doing things should conform to.
As long as this condition is satisfied, however, what themanagement system designer ultimately
cares about is performance, or the various external outcomes that are desired by the relevant
stakeholders. This observation immediately suggests the idea of outcome accountability—
a form of accountability in which the evaluative focus is on the outcomes rather than the
processes used to achieve these outcomes (Ibid.). This distinction is relevant when external
outcomes are usefully expressed as a function of two kinds of factors, with controllability as the
dividing line. Process concerns those activities, physical or mental (i.e. conspicuous or not),
that are under the individual’s control. The remaining contribution is due to “external forces”
that are not under the individual’s control.�

In the experimental literature, process accountability is operationalized by informing subjects in
advance that they will be asked to describe, explain, or justify their process (reasoning, strategy)
in writing or in an interview-like setting. In contrast, outcome accountability is operationalized
in two ways that implicitly draw on the different conceptualizations of accountability (narrow
and broad) articulated in the previous section. In the first version of outcome accountability
(that satisfies the narrow definition of accountability as well as the broad one), account-giving
is present and focused on the outcome(s). For example, outcome-accountable subjects in the
negotiation study of Chang et al. (����) were required to write a report that would justify
their negotiation outcome (the report “needed to address both the negotiation result and
whether the outcome was considered acceptable for their company”). In the second version of
accountability (that satisfies the broad definition but not the narrow one), this account-giving
component is absent and the basis for external evaluation is purely the realized outcomes. To
take an example from another management accounting study, outcome-accountable subjects

�This bright line of demarcation can be pale and murky in practice. A business can, for example, take steps to
maximize the robustness of its operation to otherwise uncontrollable external threats such as a global pandemic. To
take a more subtle example, consider a pernicious cognitive bias that is shown to be impervious to intent and effort.
The accountable indvidual could still learn about it and take steps to bypass it, for example by using a decision aid
or controlling the information environment. This example shows why the phrase “external forces” needs the scare
quotes.
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of Dalla Via et al. (����) making an investment decision for their hypothetical company were
informed that their “evaluation as a manager only depends on how close your decision is to
the most optimal decision.”

For the management system designer, outcome accountability seems to potentially offer some
compelling advantages. One of these relates to the fact that outcomes are of direct interest to
the designer whereas processes are not. The immediate evaluative focus of the accountabil-
ity system plays a powerful incentivizing role in directing the behavior of the accountable
individual. Individuals may, intentionally or not, prioritize activities that are reflected in
this focus. Accordingly, the lesser the correspondence between the ultimate objectives of the
management system designer and the focus of the accountability system, the more likely it is
that the accountability system will not serve its purpose well. This issue appears more likely to
arise under process accountability. Another potential advantage of outcome accountability is
that it may be more likely than process accountability to facilitate out-of-the-box thinking,
experimentation, and creativity in finding ways to tame seemingly uncontrollable outcomes
(Patil et al., ����). Finally, outcome accountability systems may be more transparent and have
fewer implementation costs, as the desirability of the outcome is often easier to assess than the
quality of the process that was used.�

These potential advantages of outcome accountability notwithstanding, experimental research
gives reason for caution as direct comparisons tend to favor process accountability. An
early demonstration was provided by Simonson and Staw (����) who found that process-
accountable individuals allocated fewer further resources to a failing course of action than
outcome-accountable ones� and suggested that process accountability may serve as a “potent
deescalation technique.” Other early results are reported in Siegel-Jacobs and Yates (����) who
found more accurate probability judgment under process accountability than under outcome
accountability, and Doney and Armstrong (����) who, in a rare correlational study, found that
self-reported process accountability among organizational buyers correlated with higher efforts
to gather and analyze the relevant information whereas the same wasn’t true for self-reported
outcome accountability. These early comparisons were later extended by a growing chorus of
studies that looked into counterfactual thinking and affective reactions to decision outcomes
(Markman and Tetlock, ����), judgment of leadership potential (Brtek and Motowidlo, ����),
the decoy effect in decision making (Slaughter et al., ����), multiple-cue learning (de Langhe
et al., ����; Patil et al., ����), customer-supplier negotiations (Chang et al., ����), self-serving
behavior (Pitesa and Thau, ����), professional skepticism during an audit (Kim and Trotman,
����), idea generation (Häusser et al., ����) forecasting of real-world events (Chang et al., ����),
project funding decisions (Dalla Via et al., ����), and the trade-off between exploration and
exploitation (Verwaeren, ����). With some exceptions, the results of these studies corroborate
the early impression that holding individuals process accountable is preferable to the more
direct approach of holding them outcome accountable. An important qualification is that
if process accountability is paired with a specific normative standard and that standard is

�I have added the qualifier “potentially” at the beginning of the paragraph because each of the stated advantages
of outcome accountability that follow smuggles in a host of assumptions. Consider, for example, that the outcomes
that the management system designer wants to facilitate may be difficult to assess. If the designer then introduces a
poor-enough proxy as the basis of an outcome accountability system, the potential of the latter for distortion and
surrogationmay be as high or even higher than that of process accountability alternatives (Choi et al., ����).

�But see Schulz-Hardt et al. (����) for a recently published failed attempt to replicate this effect.
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inappropriate for the task at hand, outcome accountability results in better performance (Patil
et al., ����).

These results have started to influence recommendations for practice. For example, Peecher
et al. (����) draw in part on this body of work to set up a � (rewards versus penalties) × �
(processes versus outcomes) accountability framework for the domain of financial statement
audit aimed at regulators interested in facilitating audit quality. Similarly, Schillemans (����)
draws on these and other findings from the experimental literature on accountability to provide
recommendations for structuring accountability in the public sector.

But although the number of experimental comparisons of process and outcome accountability
has grown steadily in the last two decades, many questions remain open. The where, how, and
what of the performance effects of process and outcome accountability are still insufficiently
explored. As Hall et al. (����) emphasize, our understanding of where (for example, in which
tasks and under which circumstances) one type of accountability will prove more effective is
limited and future research therefore needs to “explore the boundary conditions under which
process or outcome accountability produces better outcomes for the accountable actor and the
organization.”

The limited understanding of the where points toward a limited understanding of the how.
The conclusion that process accountability typically leads to better performance than outcome
accountability is more of an inductive generalization of experimental results than a claim
rooted in clear understanding of the underlying psychological mechanisms. Several candidate
explanations have been offered, however. Siegel-Jacobs and Yates (����) suggested that control-
lability is lower under outcome accountability and that the corresponding greater chance of
failure results in stress which then deteriorates performance (Janis and Mann, ����). But while
accountability undoubtedly can result in stress (Hall et al., ����) and stress undoubtedly can
affect performance (Starcke and Brand, ����), there is no evidence that stress mediated any of
the reported experimental findings in this literature. To the best of my knowledge, only one
study measured stress and the results revealed comparable levels of stress under process and
outcome accountability (Häusser et al., ����). Another suggestion of Siegel-Jacobs and Yates
(����) was that process accountability provides guidance whereas outcome accountability does
not. But it is precisely the open-ended, normatively ambiguous form of process accountabil-
ity that has been investigated the most and that tends to result in better performance than
outcome accountability (Patil et al., ����). It seems implausible that the minimal degree of
guidance such a manipulation provides would prove to be consequential (Lerner and Tetlock,
����). More recently, Patil et al. (����) proposed that variation in relational micro-signals (for
example, if the accountability manipulation is phrased in terms of a demand or a polite request)
can lead to “major effects on the cognitive, emotional, or behavioral responses of agents to
accountability demands,” deeemed it “quite plausible that previous studies have conveyed
more positive relational signals to those under process accountability than to those under
outcome accountability”, and suggested that the resulting effects on psychological empowerment
may mediate the observed effects on performance. Finally, several researchers attributed the
diverging effects of process and outcome accountability to the amount of information con-
sidered by the accountable individual or the nature of cognitive processing operating on this
information (Siegel-Jacobs and Yates, ����; Brtek and Motowidlo, ����; Chang et al., ����;
de Langhe et al., ����; Dalla Via et al., ����). The differences concerning the latter can be
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couched in the language of dual-process theories which distinguish between processes of Type
� and Type � (Evans and Stanovich, ����). The former are described as implicit, automatic, and
unconscious, whereas the latter are described as conscious, deliberate, effortful, and mediated
by working memory (Kahneman, ����). Within this framework, process accountability would
be associated with greater reliance on the processes of Type � (de Langhe et al., ����). This
class of explanations has received the most support (see Chapter �), although some evidence is
mixed. For example, Dalla Via et al. (����) used eye-tracking to find greater search effort under
process than under outcome accountability whereas Siegel-Jacobs and Yates (����) reported
no differences in information acquisition between the two conditions using a related process-
tracing technique. Overall, the scope and precise nature of these information processing effects
remain in need of clarification.

Finally, the what in the “where, how, and what of the performance effects” refers to the fea-
tures of accountability manipulations that contribute the most to a given finding. Patil et al.
(����) suggest that “the effects of process and outcome accountability hinge less on the pro-
cess–outcome distinction than they do on the social-identity signals that accountability sends
to employees about how managers view them.” Other, more easily observable features of
accountability manipulations that sometimes differ (and sometimes not) between operational-
izations of process and outcome accountability include the presence of account-giving and
the presence of a financial incentive. It is therefore important to refrain from automatically
assuming the equivalency of manipulations that in one way or another emphasize the process
(outcome). Another implication of this issue is the need to carefully record and share the full
experimental materials used in a study. Widespread adoption of this practice would facilitate
the generation and testing of hypotheses such as that of Patil et al. (����). A researcher could,
for example, collect the experimental materials, rely on an independent sample of subjects to
measure how the materials are perceived, and examine if a measure of a construct of interest,
such as controllability (Siegel-Jacobs and Yates, ����) or empowerment (Patil et al., ����),
predicts the reported effect sizes.

Three of the chapters in this dissertation compare the effects of process and outcome ac-
countability on cognition and performance. In Chapter � we note the almost complete lack
of independent replication studies in the literature on process and outcome accountability
and make the case for the importance of replication attempts in accountability research. We
then report the results of a study that compared the accuracy of multiple-cue judgment under
process and outcome accountability, replicating and extending several key findings from the
literature. In particular, we investigate if process-accountable subjects develop more accurate
judgment in multiple-cue tasks that call for cue abstraction (de Langhe et al., ����), if this effect
is mediated by so-called rational thinking style (Novak and Hoffman, ����), and if the effect
holds when some of the cues are not informative. In addition, we analyze additional mea-
sures of decision time and explicit task knowledge and explore if the second-order probability
judgments of process-accountable individuals are more accurate and better calibrated than
those of outcome-accountable individuals (Siegel-Jacobs and Yates, ����). Jointly, the results
of these analyses provide information on the replicability and generalizability of the relative
effects of process and outcome accountability. The other two chapters on the topic investigate
the effects of process and outcome accountability on insight problem solving and adaptive
decision making. These are introduced in the next two sections.
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�.� Creativity and accountability

Experimental studies on accountability tend to focus on phenomena of judgment and choice,
typically asking their subjects to select a response from a predetermined set. This holds for
older as well as more recent studies, and for studies comparing accountability with its absence
as well as studies comparing the different ways of arranging accountability. What underlies
successful performance in these tasks? The answers tend to revolve around notions such as pre-
emptive self-criticism (Tetlock and Kim, ����), cognitive effort (Kennedy, ����), thoroughness
(Brtek and Motowidlo, ����), and systematic, effortful processing (de Langhe et al., ����).
Notions such as imagination, insight, and originality, on the other hand, tend to be missing.
In this literature, little attention has been devoted to the effects of accountability on creative
problem solving, or the ability to find an original and useful solution to a problem (Stein, ����;
Runco and Jaeger, ����). Among the studies investigating process and outcome accountability,
for example, only the one by Häusser et al. (����) runs counter to the norm by investigating
idea generation in a product development task. Given the prevalence of accountability in
the modern workplace and the importance of creative cognition as a source of competitive
advantage, this is an important omission.

Drawing on more than two decades of investigating creativity in organizations, Amabile (����)
suggests that although most managers recognize its value, “creativity gets killed much more
often than it gets supported,” and that this can happen when “new ideas are met not with
open minds but with time-consuming layers of evaluation—or even with harsh criticism.”
Accordingly, she cautions against a “a culture of evaluation” that “leads people to focus on the
external rewards and punishments associated with their output.” These observations resonate
with those of the pioneering computer scientist Alan Kay quoted in Chapter �, and a similar
line of thinking can also be detected behind the development of the brainstorming technique,
as evidenced by the emphasis on a lack of critical judgment in the initial stages of the process
(Taylor et al., ����). These observations all highlight the potential of accountability to have
a detrimental effect on creativity. Accordingly, a research direction concerned with finding
ways of incorporating accountability that are least harmful (or even beneficial) to creativity
would be of significant interest to a management system designer.

On a micro level, a common obstacle standing in the way of creative achievement is thinking
about the problem in a wrong way due to an inappropriate cognitive representation of the
problem space. Exemplars of such inappropriate cognitive representations include assuming
a constraint that is not actually present and having too narrow a conception of the possible
uses of some object or resource. As a result, initial problem-solving attempts are unproductive
and often lead to a period of impasse during which the problem solver is stuck and does not
know how to move forward. Sometimes, however, this impasse is punctured by a sudden
and unanticipated grasping of the solution—the “Aha!” experience. Such an insight sequence
appears to characterize a number of significant inventions and discoveries in business, science,
and art. A classic illustration involves the Greek polymath Archimedes discovering a solution
to a problem posed by the king while taking a bath and subsequently running naked through
the streets of Syracuse shouting “Eureka!” To investigate insight in laboratory conditions,
psychologists have collected and constructed a variety of toy problems that tend to be chal-
lenging because they invoke a misleading cognitive representation or that otherwise invite
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incorrect solution attempts (Chu and MacGregor, ����). When individuals do solve these
problems, they often report having done so with a sudden insight. Accordingly, the label
insight problems is typically used to collectively describe these problems. Ideally, a systematic
study of experimental variables that affect the solution rate or the average time to solution
for insight problems can yield useful clues as to what approaches could be used to stimulate
useful and original solutions to the much more complex and messy problems faced by modern
organizations.

So how can fruitful insights be facilitated? The standard solution in the face of a difficult
problem is to think harder. Translated into the language ofmodern psychology, thinking harder
typically involves an increase in cognitive control which enables us to tune out distractions and
fully devote attentional resources to the current goal (Cohen, ����). But is thinking harder
always the right approach? In their review, Amer et al. (����) draw on a methodologically
diverse body of research to argue that cognitive control can actually be a “double-edged sword.”
That is, in some tasks and contexts—particularly those relating to creativity and insight—
reduced cognitive control sometimes appears to result in better performance. A study of
neurological patients provides an interesting example (Reverberi et al., ����). In this study,
individuals with focal damage to prefrontal cortex (part of the brain associated with cognitive
control) were considerably more likely than matched healthy individuals to solve a difficult
version of a matchstick arithmetic problem—of the kind that has often been used as a model
in research on insight. Altogether, the research reviewed by Amer et al. (����) suggests that
increased cognitive control can occasionally be detrimental in tasks calling for insight and
creativity.

In the accountabilty literature, cognitive control and the closely related concept of Type �
processing aremore strongly associatedwith process accountability thanwith outcome account-
ability, although—as noted before—the evidence for this claim is not as strong as one would
hope. Nevertheless, the existing evidence raises the possibility that outcome accountability
would prove more appropriate than process accountability in the context of insight problems.
Such a prediction is in line with theoretical accounts of insight problem solving that emphasize
the role of implicit, Type � processing in restructuring and insight (Ball et al., ����). It is also in
line with the suggestion that “the key to creativity is giving people autonomy concerning the
means—that is, concerning the process—but not necessarily the ends” (Amabile, ����). Finally,
highly relevant evidence was reported by Eskenazi (����) who reported a negative effect of
process accountability on performance on remote associates problems—another problem type
often used in research on insight. His studies, however, contrasted the process accountability
condition with a no accountability condition, leaving open the possibility that the observed
results were due to a more general accountability effect.

In Chapter �, we study the effectiveness of process accountability and outcome accountability
in facilitating performance on the two kinds of insight problemsmentioned above—matchstick
arithmetic problems and remote associates problems—while also aiming to obtain mediational
evidence using self-report measures of Type � thinking and anxiety. Overall, by extending the
study of process and outcome accountability to the domain of insight problems, the research
reported in this chapter aims to provide a management system designer with a more complete
picture of the relative desirability of these two forms of accountability.
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�.� Rationality and accountability

Research summarized in this chapter suggests that accountability, if implemented well, can
serve a management system designer as an antidote to some of the irrational tendencies
of the human mind. This seems like excellent news since the literature in psychology and
behavioral economics volunteers plenty of evidence of human irrationality (Ariely, ����).
People’s judgment and choice appear to rely on simple heuristics and systematically deviate from
normative standards, such as rules of logic, probability, and rational choice (Kahneman, ����).
For example, unchecked intuitions can lead to errors on otherwise rather simple arithmetic
tasks (Frederick, ����) and probabilistic judgments can be insensitive to prior probabilities
whilst being influenced by transparently irrelevant information (Tversky and Kahneman, ����).
These and many other cognitive biases appear to be widespread and often difficult to combat.
For example, in their review of the literature on the effect of financial incentives, Camerer and
Hogarth (����) noted that “no replicated study has made rationality violations disappear purely
by raising incentives.” The suggestion that “debiasing people against errors in thinking could
be among psychology’s most enduring legacies to the promotion of human welfare” therefore
does not come as a surprise (Lilienfeld et al., ����). The many documented shortcomings of
the human mind in its typical mode of operation seem to provide a compelling justification
for accountability and other forms of influence.�

But another perspective on rationality emerged in recent decades from the research program
on ecological rationality and fast-and-frugal heuristics (Gigerenzer and Todd, ����; Todd and
Gigerenzer, ����; Todd and Brighton, ����; Artinger et al., ����). Researchers working in
this area are skeptical of applying normative standards designed for “small worlds” of perfect
knowledge and tractability to the uncertain and computationally intractable “large worlds”
individuals typically operate in. Accordingly, they are also wary of relying on the observed
violations of these normative standards to make claims such as the one that concludes the
preceding paragraph. A key question for these researchers is if these violations are actually
materially costly. For example, Arkes et al. (����) conducted a systematic literature search
in an attempt to uncover demonstrations of costly violations of coherence-based rationality
norms (specifically, transitivity, procedural invariance, descriptive invariance, and independence
of irrelevant alternatives) and concluded that “there is little empirical evidence that violations
of coherence norms are costly, or if they are, that they survive arbitrage and learning.”

As the name suggests, the research program on ecological rationality is built around an alterna-
tive notion of rationality that combines an instrumental and an ecological component. The basic
question is, How can individuals� best achieve their goals (the instrumental component) given
the external environment in which they operate (the ecological component)? Accordingly,
the research strategy consists of two major tasks. The first task is identifying strategies that
could serve specific goals and are at the same time psychologically realistic (exploiting evolved

�In addition, accountability can also be motivated from the classic economic perspective. That is, an accountable
individual could be conceived as a rational agent whose interests are not sufficiently aligned with the interests of the
principal. In this setting, accountability serves as one of the mechanisms that can facilitate the desired alignment by
increasing monitoring and imposing novel potential consequences (Pitesa and Thau, ����).

�I use “individuals” here because this is the focus of this dissertation. The scope of the ecological rationality
program is broader as it includes groups, companies, cats, etc.
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capacities and taking into account basic cognitive limitations). The second task consists of
a systematic study of the conditions that determine how well these strategies perform in the
relevant environment (Todd and Brighton, ����).

A major discovery of this research program has been the existence of less-is-more effects
(Gigerenzer and Brighton, ����). Simple decision strategies that rely on less information
and use less computation can in fact perform surprisingly well in comparison with strategies
that use more of both. The recognition heuristic is the simplest example of such a fast-and-
frugal heuristic that has been extensively studied (Goldstein and Gigerenzer, ����). If an
individual is asked to predict which of two cities—Rotterdam or Ljubljana—is larger and
answers “Rotterdam” because it is the only one that she recognizes, she is relying on the
recognition heuristic. This strategy is information-frugal because it uses only a single cue
(recognition). In spite of this, its predictions can be highly accurate under the right conditions.
The result of its ecological rationality when the correlation between recognition and criterion is
positive and substantial is that less knowledgeable individuals can be more accurate than more
knowledgeable ones on comparison tasks such as the city-comparison task illustrated above.
In one demonstration, Londoners were more likely than New Yorkers to correctly guess which
of two American cities—San Diego or Milwaukee—has the larger population (see Gigerenzer
and Goldstein, ����).

Other examples of fast-and-frugal heuristics that have proven surprisingly effective include
the Take The Best heuristic (Gigerenzer and Goldstein, ����), the fluency heuristic (Schooler
and Hertwig, ����), equal-weighting strategies such as the �/N heuristic (DeMiguel et al.,
����) and tallying (Dawes, ����), the hiatus heuristic for classifying customers as active or
inactive (Wübben and Wangenheim, ����), fast-and-frugal decision trees (Woike et al., ����),
and ∆-inference (Luan et al., ����). The Take The Best heuristic especially has been at the
center of much empirical and theoretical work (e.g. Gigerenzer and Goldstein, ����; Bröder,
����; Rieskamp and Otto, ����; Dieckmann and Rieskamp, ����; Hogarth and Karelaia, ����;
Walsh and Gluck, ����). It features a noncompensatory approach to multiple-cue decision
making: the single highest-validity cue that discriminates between the two alternatives is
used to make a decision. Despite its simplicity, simulations based on the data from many real-
world decision environments show that Take The Best is often just as accurate or even more
accurate than much more informationally greedy and computationally intensive strategies
such as theWeighted Additive strategy (described below) in genuine prediction on new data
(Czerlinski et al., ����; Brighton, ����; Gigerenzer and Brighton, ����; Şimşek, ����; Lee
et al., ����). A key takeaway from these and related findings is that the rationale for the use
of heuristic strategies stretches beyond the idea of an accuracy/effort trade-off (acccording to
which the use of heuristics can be justified by their decreased use of resources such as time
and cognitive effort). As Artinger et al. (����) put it when discussing the relevance of these
results to management, “heuristics allow for adaptive responses to the characteristics of an
uncertain managerial environment.”

The research program on ecological rationality and fast-and-frugal heuristics provides a
valuable theoretical perspective. It sensitizes themanagement system designer to the possibility
that seemingly irrational or otherwise undesirable patterns of thought and behavior could in
fact be free ofmeaningful cost (economic or otherwise) and therefore do not call for an elaborate
accountability intervention. Furthermore, it demonstrates that simple heuristic strategies
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that ignore some of the information can be not only efficient but actually more effective
than the more complicated and seemingly more justifiable decision strategies. Accordingly,
Artinger et al. (����) stress “the importance of management practitioners being aware of the
different basic decision strategies that have been identified as successful tools in an uncertain
environment.” This knowledge is highly pertinent to the task of the management system
designer, not least because many conditions of high accountability could plausibly select
against these kind of simple and effective strategies. For example, Hogarth (����) suggests
that “in the litigious environment of medicine, simple decision rules that ignore information
may be resisted.” These observations increase in importance when one considers the costs
that accountability systems neccessarily impose. Consider, for example, a choice concerning
how much should the evaluator monitor the performance of the accountable individual. An
obvious cost of increasing the degree of scrutiny is the time cost of the evaluator. But if the
system involves a competitive component (for example, it results in one employee receiving a
performance bonus), Kareev and Avrahami (����) demonstrate a less obvious cost. Although
a high degree of scrutiny yields more accurate assessment, it can also result in lower overall
performance than a lower degree of scrutiny. The basic insight is that a lower scrutiny increases
sampling error and therefore increases the chance that a lower-performing indvidual will
be rewarded which in turn increases the motivation of both lower-performing and higher-
performing individuals. In accountability, too, less can be more.

The ideas and methods of the research program on ecological rationality and fast-and-frugal
heuristics inspired two of the chapters in this dissertation. The first of these is Chapter �.
Building on the idea that effective decision making consists of the ability to select a decision
strategy that exploits the structure of the environment, we examine how process and outcome
accountability serve this goal in two kinds of decision environments. One of these environments
resembles those used in several previous studies on process and outcome accountability. In
this environment, which we call the compensatory environment, the use of the information-
frugal Take The Best heuristic leads to relatively low decision accuracy. In contrast, using
the information-intensive Weighted Additive strategy that integrates all available information
leads to high accuracy. The Weighted Additive strategy requires that all decision cues be
inspected and integrated in a weigh-and-add manner typical of classical normative theories
of choice. In addition to the compensatory environment, we investigate a noncompensatory
environment which is its mirror image in this crucial aspect. Meaning, the use of Take The
Best heuristic leads to high decision accuracy whereas the use of the Weighted Additive
strategy leads to low decision accuracy. Importantly, this crucial difference between the
two environments is not immediately obvious but must be inferred on the basis of accuracy
feedback. Accordingly, we use the term adaptive decision making to describe the subjects’ task.
While the primary objective of this research is to investigate how well process- and outcome-
accountable individuals adapt to the two kinds of decision environments, the secondary
objective is to investigate the underlying cognitive processes through the use of self-report
and process-tracing techniques.

The research program on fast-and-frugal heuristics also inspired Chapter �, which makes a
more direct contribution to this literature. Building on the observation that fast-and-frugal
heuristics can be ecologically rational, a few previous studies investigated their use among
experienced decision makers. Contradicting the assumption that expertise involves a relatively
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complete and compensatory use of information, the results of these studies suggest that the
majority of experienced decision makers rely on fast-and-frugal heuristics (Garcia-Retamero
and Dhami, ����; Pachur and Marinello, ����). These studies have, however, considered
decision environments characterized by a low degree of accountability. For example, Pachur
andMarinello (����) investigated airport patrol officers whomake hundreds of quick decisions
each day concerning which passengers to stop and search. To complement these preliminary
findings, we investigate a very different decision environment, that of professional loan officers.
Commercial lending presents an interesting case, as the decision making is relatively slow,
the stakes are high, and the need to justify one’s decisions looms large. These conditions may
facilitate the kind of information-intensive decision making that is modeled by the Weighted
Additive decision strategy (Lee et al., ����). On the other hand, the business environment is
highly uncertain and changing, and fast-and-frugal heuristics are thought to be particularly
effective in these kinds of environments (Artinger et al., ����). Accordingly, we might expect
loan officers to adapt to these conditions by relying on heuristics. To investigate which of these
perspectives predicts the data better, we conducted a decision-making experiment featuring
professional loan officers and used Bayesian cognitive modeling to individually classify each
loan officer to one of three common decision strategies. In addition to reporting these results,
the chapter makes two other contributions. First, a theoretical contribution is the development
of a new variant of the information-intensive Weighted Additive strategy that incorporates a
more psychologically realistic theory of error, based on the idea that errors (deviations from
what the strategy predicts) should become less likely as the overall value difference between the
alternatives increases. Second, an empirical contribution is the use of eye-tracking technology
to trace cognitive processes preceding choice and thus provide further insight into loan officers’
decision making.

�.� Accountability in the lab and beyond

This dissertation and much of the experimental research on accountability is fundamentally
motivated by the goal of helping management system designers in incentivizing thinking
and behavior that is likely to lead to desirable outcomes. That is, the ultimate goal is to
generate knowledge that provides useful input to the designer’s decision making on matters
of accountability—especially knowledge that would otherwise be hard to come by. In the
service of this goal, laboratory researchers can leverage their freedom to set up (un)usual
accountability arrangements and carefully trace their effects. But this freedom comes at a price.
Even if researchers motivate some design choices by referring to features of organizational
life, many other aspects remain highly artificial by neccessity or convenience. In addition, the
subjects in these studies tend to be students rather than experienced professionals. In the case
of experimental accountability research, Aleksovska et al. (����) estimate that ��� of studies
published in the past half-century relied on student samples. Accordingly, there is typically a
considerable “distance” between the laboratory setting in which a theory has been tested and
the specific real-world setting of the management system designer. The latter may justifiably
wonder how much faith to place in laboratory results in light of this fact.

The basic problem is that an experiment never tests the theory alone. What gets tested is
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the union of theory and auxiliary assumptions. That is, a large and mostly implicit set of
assumptions is required to lower the theoretical concepts down the ladder of abstraction into,
eventually, the words printed on the paper, displayed on the screen, or spoken by the researcher;
other symbols shown to the subject; other behaviors of the researcher; the laboratory coat (not)
worn by the researcher; the audio recorder (not) in full view of the subject—and everything
else that forms the total stimulus package encountered by the subject, including the color
of laboratory walls. Accordingly, a question arises: How much of its apparent predictive
success is actually due to the theory and howmuch due to a favorable constellation of auxiliary
assumptions (arising from e.g. luck or the researcher’s intuition)? In other words, how robust
is the predictive power of the theory to variation in those aspects not explicitly included in the
theory?

An elegant solution to this problem is to formulate theories that make precise and (outside of
the theory) unlikely predictions (Popper, ����). For even a single laboratory corroboration of
such predictions can be highly informative. By way of analogy, imagine that a stranger tries
to sell you a machine that—he claims—has some predictive power when it comes to lotteries
and he agrees to lend it to you for a test-drive with a local lottery that is scheduled soon. The
winning sequence in this lottery is composed of integers �—�. On the day of the lottery, you
adjust the knobs on the machine to input the information it needs and the machine dutifully
outputs its prediction, which is then confirmed in the evening by the lottery draw. Now, if
the entire prediction was that the first digit of the winning sequence would be �, you would
be mildly impressed; if the machine was junk, you would expect its chance of such a success
to be only ���. If, instead, the machine correctly predicted the first two digits—�, �—your
enthusiasm for the machine would be considerably greater. And so on: the more digits the
machine predicts, the more convinced you are that the predictive success really has to do with
the theory of lottery built into the machine. Analogously, the more precise and otherwise
unexpected the theory’s predictions that get corroborated by the laboratory experiment, the
more justified is the management system designer in placing faith in the theory.

Another solution involves the simple act of repetition. To return to the lottery analogy, if
the machine only predicts the first digit but the stranger agrees to let you use the machine
for the next two, three, or more iterations of the local lottery, you are in a better position to
assess its value than if you only get the one test. Similarly, in laboratory research investigators
can repeatedly test a theory to see how robust it is. If a theory (be it an elaborate one or a
mini-theory in the form of an “effect”) proves a reliable guide even when tested by independent
investigators, the management system designer may wish to take notice. But if a theory is not
able to demonstrate reliable predictive success even in laboratory settings, what is its use in
real-world settings? Replication studies are an excellent tool to reveal gaps in current theories
and methods. These gaps may be especially revealing and hard to deny when they result from
replication studies that aim to mimic the original study as closely as possible. Conducting
replication studies therefore plays an important role in driving the cumulative progress of a
field of research (Zwaan et al., ����).

Importantly, the benefit of repeated testing is undermined if only a biased subset of all results
emerges in the published record. Returning to the lottery analogy, if the stranger agrees to
report to you several tests for his machine but does not commit to reporting the outcomes of
all tests, you’d be justifiably skeptical of the reported track record. Similarly, the existence of
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the publication bias in the academic literature makes it more difficult to assess the empirical
status of a theoretical claim (Greenwald, ����; Smaldino and McElreath, ����). When the
incentives for reporting a certain kind of outcome (for example, a statistically significant result
that is consistent with previous published research) are paired with substantial freedom in
conducting, analyzing, and reporting of research, the published record becomes even less
credible (Simmons et al., ����; John et al., ����). Analogously, if the stranger not only decided
whether to report a given test result or not but could additionally pick, after the fact, one of
several predictions themachine hadmade, the reported successes would be even less impressive.
These considerations make it all the more important to conduct and publish replication studies
(Zwaan et al., ����).

What does this mixture of observation and conjecture imply for experimental laboratory
research on accountability? In the following I formulate five recommendations for future
research and, where applicable, highlight the associated contributions of this dissertation.

First, we should try to formulate theories that generate multiple, precise, and—in the absence
of the theory—unexpected predictions. Second, we ought to test as many of these predictions
as feasible. For example, Dalla Via et al. (����) predicted that the positive effect of process
(versus outcome) accountability on decision quality would be mediated by search effort and
collected eye-tracking data to conduct a fuller test of the theory. In contrast, Siegel-Jacobs and
Yates (����) argued that outcome (versus process) accountability results in greater stress but
neither they, nor any other paper that referred to this possibility, tested the hypothesis—until,
twenty years later, Häusser et al. (����) finally did (and found no evidence for it). In the studies
reported in this dissertation, the tests of predictions concerning performance/accuracy are
complemented with tests of the associated psychological processes, using data from self-report
and process-tracing measures.

Third, more replication studies should be conducted and published since, especially in the
literature on process and outcome accountability, independent replication studies are virtu-
ally nonexistent. Novel publishing options such as registered reports (providing in-principle
acceptance of a paper before the data are collected; Chambers, ����) can help ensure that
well-done replications do not end up in a “file-drawer” (Rosenthal, ����). In this dissertation,
replication takes center stage in Chapter �, where we discuss its importance and attempt to
replicate a few key results from the literature on process and outcome acccountability. Another
form of replication that should become more common is reuse of measures that have shown
promise in explaining accountability effects. For example, the situation-specific scale of ratio-
nal thinking style is validated (Novak and Hoffman, ����), short, can be administered as part
of the postexperimental questionnaire, relates to current theorizing on the effects of process
accountability, and has been shown to mediate the performance difference between process
and outcome accountability in one previous study (de Langhe et al., ����). If, for example,
Dalla Via et al. (����) included the measure in their post-experimental questionnaire, they
could have replicated the previous results and compared the explanatory power of this measure
with their main process measure based on eye-tracking. In our research, the scale of Novak
and Hoffman (����) was included in four studies on process and outcome accountability; the
results are presented separately in the associated chapters and jointly in Chapter �.

Fourth, to accelerate the conduct of replication studies (among other benefits), sharing of
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experimental materials (all of them, but especially those concerning the manipulations of
accountability) should become the norm. Fifth, routine sharing of data should also become
the norm, especially in the absence of preregistration (Nosek et al., ����) ormultiverse analysis
(Steegen et al., ����). Openly shared data allows other interested researchers to check if the
reported statistical results are robust to alterrnative—but still reasonable—analytical decisions.
Accordingly, the experimental materials and data of the studies reported in this dissertation
are publicly archived on the Open Science Framework website (the URLs are provided at the
end of each Methods section).

I submit that following these recommendations would enable faster cumulative progress of
accountability research and, over the long run, increase its usefulness to management system
designers.
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Chapter 2
On multiple-cue learning under
process and outcome accountability

Steer your heart past the Truth you believed in yesterday
Such as Fundamental Goodness and the Wisdom of the Way
— Leonard Cohen takes replication studies very seriously

Summary:

The existing literature on process and outcome accountability is characterized by a lack of
independent replication studies. In this chapter we highlight the importance of replication
and contribute to this important scientific goal by replicating and extending two key findings
in the accountability literature, originally reported by de Langhe et al. (����). In particular,
we compare objective performance and self-reported thinking style of process- and outcome-
accountable subjects in a multiple cue learning task. Besides replicating the original version of
the task that revealed superior performance under process accountability, we investigate a ver-
sion of the task that includes uninformatives cues as well as novel measures of task knowledge,
decision time, and (over)confidence. In line with the original research, we obtain some indica-
tion that performance and rational thinking style increase under process accountability relative
to outcome accountability. At the same time, the statistical evidence in the current study is
much more equivocal and the magnitude of these effects is about half of those in the original
study. Additional analyses provide some evidence that process accountability increases explicit
task knowledge and possibly decision time compared to outcome accountability, whereas the
degree of calibration of confidence judgments is similar in the two conditions. We conclude
by providing recommendations for future original and replication research on process and
outcome accountability.

Acknowledgments:
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de Langhe et al. (����) and for reviewing our experimental materials.
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�.� Introduction

In psychology and management, recent years have witnessed a growing interest in the effects
of process and outcome accountability on human judgment and decision making (Patil et al.,
����). Whereas process-accountable individuals are asked to justify their decision-making
approach and held accountable for its quality, outcome-accountable individuals are held
accountable for the eventual outcomes of their decisions (Siegel-Jacobs and Yates, ����). The
distinction has proven useful in explaining some of the variation in the effects of accountability
on performance and well-being (Hall et al., ����) and the relative merits of each accountability
type are often debated in fields ranging from education to intelligence analysis (Tetlock et al.,
����). In laboratory research, the focus has been primarily on contrasting the two types of
accountability in a variety of domains (Patil et al., ����). Some research has additionally begun
to elucidate the cognitive and affective processes that underlie the observed differences (e.g.
de Langhe et al., ����; Eskenazi, ����; Häusser et al., ����; Dalla Via et al., ����). What has
been notably missing, however, are independent replication studies.

Replication studies are a cornerstone of the scientificmethod. They separate robust phenomena
that are useful targets for further study and theorizing from “occult effects” (Popper, ����)
that are not. Although traditionally neglected and difficult to publish in psychology and many
other social sciences, replication studies have gained in prominence in recent years (Zwaan
et al., ����). For example, several recent large-scale projects had replication as their central
aim (e.g. Open Science Collaboration, ����; Camerer et al., ����, ����; Klein et al., ����). In
psychology, the most influential of these has been the effort to replicate a set of ��� findings
published in the major journals of the field (Open Science Collaboration, ����). The poor
replication rates reported by these projects drive home the point that efforts to discover new
phenomena need to be accompanied by efforts to replicate published claims. As Gigerenzer
(����) recently noted, “science is a cumulative endeavor, not a yes/no decision based on a
single empirical study.”

Replication studies can be conducted by researchers who originally discovered the finding
of interest or by independent investigators. Replication studies conducted by the latter are
called independent replications and are typically more valuable than replications conducted by
the original researchers, for two reasons. First, each finding can be expressed as a function
of factors (relating to instructions, manipulations, tasks, measures, subjects, etc.) that are
theoretically important and those that are not (without this distinction, experimental research
becomes a purely historical discipline and loses its raison d’être). But any given finding may
be crucially dependent on factors that are at first thought to be theoretically unimportant.
Independent investigators are less likely to replicate these factors in their attempts and their
results are therefore more likely to reveal the gap between theory and truth. The second reason
to privilege independent replications is psychological; independent investigators are typically
less invested in a given finding and thus more likely to be unbiased in their conduct and
interpretation.

In the literature on process and outcome accountability, replications are relatively rare. And if
we are talking about independent replications, they seem to be almost nonexistent�. This is

�But see Schulz-Hardt et al. (����); we discuss this work in Chapter �.
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problematic because there is arguably a greater need for replication in accountability research
than in many other areas of experimental psychology. This claim is based on two observa-
tions. First, the distinction between process and outcome accountability is conceptually broad,
providing only light guidance and constraint for measurement and operationalization. Re-
searchers are thus guided by their own idiosyncratic judgment when operationalizing process
and outcome accountability. As a result, we observe considerable variation in experimental
materials used to manipulate these two types of accountability, and it is unclear to what extent
these variations tap into a common core. This issue is amplified if, as Patil et al. (����) argue,
relational micro-signals—possibly substantiated merely in “a shift in one or two words”—can
have “big effects on the cognitive, emotional, or behavioral responses of agents to account-
ability guidance.” Replication helps reveal the (lack of) robustness of reported findings and
facilitates the discovery of factors that drive the observed phenomena. This facilitates theory
development and makes it easier to formulate useful managerial recommendations.

The second (and closely related) observation is that manipulations of accountability are in-
herently social. As a result, even when the same experimental materials are used, there may
be meaningful variation across studies in how subjects respond to these materials. In ac-
countability studies, the behavior of the experimenter and the broader context (for example,
the institution at which the research is taking place) could plausibly influence the behavior
of subjects. For example, earlier accountability research shows that when the views of the
audience are known, there is a tendency to conform to these views (e.g. Tetlock et al., ����).
A process of this kind may operate even when the views of the audience are not explicitly
manipulated and recorded as a part of the stimulus package. As a result, certain findings may
be highly context-dependent.

The concerns grounded in these observations map onto two kinds of replication studies. First,
the concern that variation in experimental materials may be consequential is best addressed
by so-called conceptual replications (Hüffmeier et al., ����). In a conceptual replication, one
or more aspects of the original study are changed. For example, a different experimental
manipulation may be used as the independent variable or a different measure may be used
as the dependent variable. If the finding persists across this variation, our confidence in its
generalizability and importance is increased. Second, the concern that context effects (that
are not captured by recorded experimental materials) may be consequential is best addressed
by so-called close replications (Hüffmeier et al., ����). In a close replication, an attempt is
made to match the characteristics of the original study as closely as possible. Successful close
replications assure us that a given finding is not an “occult effect” (Popper, ����) but that it can
instead be reliably instantiated by following a particular experimental “recipe.” Although the
distinction between conceptual and close replications can be challenged on the grounds that the
distinction is not sharp (Gelman, ����), we believe it can serve a useful role in communication.
The work reported in this chapter features elements of both close and conceptual replication. In
the framework of Hüffmeier et al. (����), it would be characterized as a constructive replication
because it features a condition that closely matches the original study as well as a condition
that “adds new elements” (the constructive condition) and can therefore “extend or refine” the
basic finding.

In the current research, we primarily aimed to replicate and extend two key findings in the
accountability literature. These findings were originally reported by de Langhe et al. (����),
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who investigated the relative effects of process and outcome accountability using amultiple-
cue learning task. Subjects were asked to predict a criterion on the basis of several cues and
received outcome feedback that could be used to improve performance. In particular, their
task was to predict the popularity of a specific category of consumer products (EasyPhones)
on the basis of a few visual cues (such as color and shape). Tasks of these sorts are used to
simulate experiential learning and Matton et al. (����) provide some evidence of their external
validity in predicting performance among pilot trainees. In their studies, de Langhe et al.
(����) implemented two different versions of their task. In the elemental task the cues were
linearly and additively related to the criterion whereas in the configural task the relationship
between cues and criterion was nonlinear. Whereas cue abstraction can be used to successfully
complete the former, the latter is more difficult and calls for exemplar processing. The principal
finding of de Langhe et al. (����) was that accuracy in the configural task was very similar in
the two accountability conditions whereas in the elemental task process-accountable subjects
outperformed outcome-accountable ones. Moreover, de Langhe et al. (����) used the situation-
specific rational thinking style questionnaire (Novak and Hoffman, ����) to provide evidence
concerning the underlying mechanism. Relative to outcome accountability, subjects in the
process accountability condition scored higher on this questionnaire. In the language of
dual-process theories, this suggests that process accountability increases reliance on Type �
processes, i.e. controlled processes mediated by working memory (Kahneman, ����).

Our first aim in this research was to conduct a close replication of the finding of superior
performance of process-accountable subjects in an elemental task. In the current study, we
refer to this version of the task as the standard environment. Second, we considered a variation
of the task which we refer to as the mixed environment. Whereas all cues in the standard
environment are predictive of the criterion, some of the cues in the mixed environment are
completely uninformative. This version of the task can be easily motivated with reference to
the real world, which is under no obligation to only serve us useful information. Information
that is not predictive can nevertheless influence judgments. One demonstration of this is found
in the research on the dilution effect which shows how adding nondiagnostic information
to diagnostic information can decrease judgment quality (Nisbett et al., ����). Interestingly,
whereas process accountability typically has positive effects on judgment quality, there is some
evidence that it may exacerbate this tendency (Tetlock and Boettger, ����; but see Tetlock et al.,
����; Hoffman and Patton, ����). The inclusion of the mixed environment was additionally
motivated by some preliminary evidence we obtained that outcome-accountable subjects
may adapt more quickly than process-accountable ones to decision-making environments
that facilitate the use of information-frugal strategies (which ignore some of the available
information; see Chapter �).

Our second aim was to replicate the finding that process accountability (relative to outcome
accountability) increases situation-specific rational thinking style as captured by the self-report
instrument of Novak and Hoffman (����). This finding is important because it provides
evidence regarding the underlying mechanism. Our interest in replicating this finding was
further bolstered by a failure to replicate it in a different study (see Chapter ��). In that study,
the mean level of rational thinking as measured by the same instrument was essentially the
same under process and outcome accountability. But because thinking style is partly a function

�This comment refers to the preliminary study summarized in the section Introduction.
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of the task (Novak and Hoffman, ����; Söllner et al., ����), the different task we employed
serves as one plausible candidate explanation of our failure to replicate. In the current study,
we aimed to recreate the conditions that produced the original result as closely as possible.

The final aim of the current research was to extend the work of de Langhe et al. (����) by
including the measures of explicit task knowledge, decision time, and subjective confidence,
therefore providing further insight into the cognitive processes underlying the differences
between process and outcome accountability. The first two of these measures can provide
converging evidence that the superior accuracy of process accountability is mediated by
Type � processes, whereas subjective confidence can be used to investigate metacognitive
processes and the degree of calibration. In one of the earlier studies on process and outcome
accountability, Siegel-Jacobs and Yates (����) found evidence for better calibrated probability
judgments among process-accountable subjects versus outcome-accountable subjects.

LeBel et al. (����) note that while the importance of replication studies is increasingly rec-
ognized in psychology, there is less consensus on how these studies ought to be evaluated.
Addressing this gap, the authors propose a two-stage approach. One of these stages concerns
the way the results are summarized and is therefore taken up in the section Discussion. The
other stage involves six crucial study characteristics that should be used to describe and eval-
uate a replication attempt. The first two of these concern the similarities and differences
between the original study and the replication. In the current study, the comparison of process
and outcome accountability in the standard environment undoubtedly constitutes a close
replication. Care was taken to implement the condition in the same way de Langhe et al. (����)
did, and the subjects were sampled from the same subject pool�. For themixed environment
condition, the label of a “constructive replication condition” proposed by Hüffmeier et al.
(����) seems best. As noted above, our inclusion of fully uninformative cues in this condition
could turn out irrelevant when it comes to the main findings of interest. On the other hand,
it could have a moderating role, similar to how the switch from an elemental to a configural
task turned out to be meaningful in the original research (de Langhe et al., ����). In both the
standard and the mixed environment, we collected some additional measures that were not
collected in the original research. However, these differences were either undetectable from
the subject’s perspective (decision time) or occured—unannounced—after the main part of
the task (e.g. the confidence probability question in Part � of the task or the explicit knowledge
test). Apart from this, there are no meaningful differences between the current study and the
original study. To ensure that this is the case, one of the authors of the original study was first
consulted for details and later also reviewed the materials. Next, LeBel et al. (����) highlight
the issue of investigator independence, noting that original authors and those closely affiliated
with them might be more susceptible to bias in conducting and evaluating the study. In the
current study, this is not an issue. The next two characteristics concern the transparency of the
study and the reproducibility of results. LeBel et al. (����) emphasize that studies cannot be
properly scrutinized if they are not reported with sufficient transparency. To address this issue,
we openly share the materials, data, and analysis code and use freely available, open-source
software to both conduct the experiment and analyze the results. Finally, LeBel et al. (����)
urge researchers to consider the relevant auxiliary hypotheses. For example, a study might

�Of course, this does not license the claim that the two samples belong to the same population; the characteristics
of students taking part in the subject pool may have changed over time, for example.
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fail to replicate an earlier finding because of a faulty measuring instrument. In the current
study, we have added a manipulation check for accountability type that was not included in
the original research.

�.� Methods

Subjects

We recruited ��� subjects (mostly business students) from a paid subject pool. The average
age was ��.� years (SD = �.�), ��� subjects were female, ��male. In addition to the baseline
payment of ���, some subjects received a performance-contingent bonus (see Experimental
manipulations). Data collection took place between March and June ����. We initially planned
to collect data from ��� subjects. But as subjects stopped signing up for the sessions and
because the actual sample size was very close to the target, we stopped data collection. This
decision was made before the data were analyzed.

Experimental design

Subjects were randomly assigned to one of the four experimental conditions obtained by
crossing the type of accountability (process, outcome) and the type of environment (standard,
mixed). There were �� subjects in the condition process accountability × standard environment,
�� subjects in the condition outcome accountability × standard environment, �� subjects in
the condition process accountability ×mixed environment, and �� subjects in the condition
outcome accountability ×mixed environment.

Procedure and materials

Subjects (between one and eight per session) were jointly welcomed and escorted to individual
cubicles�. After reading the informed consent statement and agreeing to take part in the
study, subjects read the instructions (which included the accountability manipulation) and
completed the main task. Afterwards, subjects completed the postexperimental questionnaire,
which included manipulation check items, the rational (�� items) and experiential (�� items)
subscales of the situation-specific thinking style questionnaire� (Novak and Hoffman, ����),
and a knowledge test. The manipulation check included two process accountability-related
items (“I was informed that I will be asked to justify my prediction strategy when the prediction
task is over” and “My final evaluation (and the chance to win up to �� EURO if selected) is
based only on how well I learned to justify my predictions”) and two outcome accountability-
related items (“I was informed that when the prediction task is over my overall accuracy will be
computed by comparing my predictions with the actual popularity of EasyPhone models” and

�Subjects were asked to leave their phone outside before entering the cubicle. All but two subjects complied.
�Wemade slight adaptations to the wording of some of the items to make them suitable for our setting.
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“My final evaluation (and the chance to win up to �� EURO if selected) is based only on the
accuracy of the predictions I made”). The knowledge test captured subjects’ explicit knowledge
of the relationship between cues and popularity. It consisted of two sets of questions. In the
first set (cue weights items), subjects assessed the importance of each of the four cues (e.g.
color). In the second set (cue value items), subjects were asked to directly compare the two
possible values of each cue. For the color cue, for example, subjects indicated either that blue
phones tended to be more popular, or that red phones tended to be more popular, or that there
was no difference. Apart from this second set of items in the knowledge test, all questions in
the postexperimental questionnaire were answered using a �-point Likert scale. Subjects in the
process accountability conditions were next asked to justify their approach. Finally, everyone
entered their birthyear and gender. Apart from the informed consent statement (on paper),
the procedure was fully computerized. The experiment was programmed in Python using the
PsychoPy package (Peirce, ����).

Main task

We used the phone popularity prediction task from de Langhe et al. (����). Subjects assumed
the role of a marketing manager tasked with predicting the popularity of EasyPhones, a type of
phone designed specifically for the elderly. In each trial, they were presented with a picture of
an EasyPhone (see Figure �.� for an example) and asked to predict its popularity on a scale from
�-��. The EasyPhones differed by color (blue or red), size (large or small), shape (rectangular
or curvy), and keyboard arrangement (plus-shaped or circle-shaped). In the first ��� trials of
the task, predictions were followed by immediate feedback about the actual popularity of the
EasyPhone. In the final �� trials, no such feedback was given. Instead, subjects were asked
to indicate their subjective confidence that the prediction they provided was within ± �.� of
the actual popularity. Formally, each trial was a judgment task in which subjects judged the
criterion (popularity) of a single object (EasyPhone) described by four binary cues (color, size,
shape, and keyboard arrangement). Therefore, there were in total �� EasyPhones, defined by
cue arrangements reproduced in Table �.� in section Appendix �. Following de Langhe et al.
(����), we used a subset of �� phones in the first part (first ���) trials and all �� phones in the
second part (last �� trials). We randomized the order of the trials for each subject and each
repetition of the subject, as well as the pairing of the observable EasyPhone characteristics (e.g.
color) and the underlying cues (see Experimental manipulations).

Experimental manipulations

Four experimental conditions were created by crossing accountability type (process account-
ability, outcome accountability) and type of environment (standard, mixed environment).
The manipulation of accountability type occurred right before the main task and was taken
verbatim from Experiment � in de Langhe et al. (����). Subjects were informed that their
performance would be evaluated and that some (randomly selected) subjects would receive an
additional payment (�� - ��� ) based on this evaluation. Subjects in the process accountability
conditions were informed that one of the EasyPhones would be shown again, that they would
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Figure �.�: Screenshot of one trial in the main task. (Color version of this figure is available in
the electronic version of this document.)

be asked to justify how they could determine its popularity, and that their evaluation would be
based solely on the quality of their argument. In contrast, subjects in the outcome accountabil-
ity conditions were informed that their accuracy would be computed and that they would be
evaluated solely on the basis of accuracy. To manipulate the type of environment, we varied
the weights of the four cues. The standard environment condition was a close replication of
Experiment � in de Langhe et al. (����), with the observed popularity of an EasyPhone i on
trial j given by:

Popularityi j = �Cue �i + �Cue �i + �Cue �i + �Cue �i + ε i j . (�.�)

In the mixed environment conditions, two of the cues were fully uninformative because their
actual weight was zero. The popularity of the EasyPhones was thus determined by:

Popularityi j = �.� + �Cue �i + �Cue �i + �Cue �i + �Cue �i + ε i j . (�.�)

The random error ε i j was sampled from the same distribution in both environments:

ε i j ∼ Uniform(-�.�, �.�). (�.�)

Data analysis

Weused Bayesian estimation to analyze the data. Themodels were fit using the R package brms
(v�.�.�, Bürkner, ����), which serves as an interface to the Stan language (Gelman et al., ����).
Our general strategy was to obtain a single value per subject for each measure by averaging
over the relevant trials or items. We then regressed the resulting scores on accountability type,
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environment type, their interaction, as well as the gender covariate. The latter was included
because we observed gender differences for several measures of interest. We used sum-to-zero
coding for accountability type (process accountability: +�.�, outcome accountability: -�.�),
environment type (mixed environment: +�.�, standard environment: -�.�), and gender (male:
+�.�, female -�.�). Depending on the nature of the dependent variable, we used different
response distributions and link functions. If the latter are not explicitly identified for a given
analysis, it means that the Gaussian distribution and an identity link function were used. To
complete the models, we prepared informed priors using domain knowledge and previous
results (de Langhe et al., ����). It turned out, however, that for these data the default priors of
the brms package result in essentially the same estimates as our custom priors, so we report
the estimates based on default priors instead. When presenting the results in tabular form,
we report posterior means and standard deviations. In addition, we use asterisks to highlight
those parameters for which the posterior probability that the effect is in a particular direction
(i.e. positive or negative) is greater than or equal to �.�� (one asterisk), �.��� (two asterisks) or
�.��� (three asterisks). Brackets next to the estimates in the main text provide ��� uncertainty
intervals, i.e. [�.�th percentile, ��.�th percentile].

Readers uncomfortable with Bayesian statistics need not despair. For these models, the re-
ported posterior means and standard deviations are almost exactly the same as classical linear
regression estimates and standard errors. And the asterisks can be used to assess statistical
significance. One asterisk translates to statistical significance at the ��� level (or �� for a
one-tailed test), two asterisks to statistical significance at the �� level, and three asterisks to
statistical significance at the �� level.

Additional information

Additional information, including study materials and data, is available in the project’s online
repository (https://osf.io/25egd/).

�.� Results

Preliminary analyses

Basic descriptive statistics are reported in Table �.� and Figure �.�. The table reports, separately
for each condition, the means and standard deviations of the measures used in the study, and
the figure displays the correlations between the measures. The correlations make intuitive
sense, as higher prediction accuracy correlates with spending more time on the predictions,
engaging in a more rational thinking style, posessing more accurate explicit knowledge, and
having greater confidence but lower overconfidence.

We formed a manipulation check for accountability type using the relevant items from the
postexperimental questionnaire by subtracting the average of the two outcome accountability
items from the average of the two process accountability items. As expected, the average score
was positive in the process accountability conditions and negative in the outcome accountability
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conditions. But we also found nine (�.��) subjects with a manipulation check score that was
directionally inconsistent with their accountability condition, and �� (��.��) subjects that
had a neutral score of zero. We therefore conducted additional "compliant-only" analyses
by excluding these subjects and rerunning all models. The results are reported in section
Appendix �.

Table �.�: Condition means (standard deviations) for various measures, separately for each
experimental condition (see section Appendix � for definitions).

Process Outcome Process Outcome
Standard Standard Mixed Mixed

Gender (� female) ��.� ��.� ��.� ��.�
Age (years) ��.� (�.�) ��.� (�.�) ��.� (�.�) ��.� (�.�)
Manipulation check �.� (�.�) -�.� (�.�) �.� (�.�) -�.� (�.�)
Decision time (seconds) �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
RMSE �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Rational thinking �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Experiential thinking �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Knowledge �.� (�.�) �.� (�.�) -�.� (�.�) -�.� (�.�)
Confidence ��.� (��.�) ��.� (�.�) ��.� (��.�) ��.� (��.�)
Overconfidence ��.� (��.�) ��.� (��.�) ��.� (��.�) ��.� (��.�)
Brier score �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Justification (word count) ��.� (��.�) ��.� (��.�)
Justification (seconds) ���.� (���.�) ���.� (���.�)

Note: Columns � - � correspond to the four experimental conditions defined by accountability
type and environment type. For example, column � corresponds to the process accountability
condition in the standard environment.

Predecisional behavior

We analyzed decision time, or the average number of seconds a subject took to enter their
predictions. Having observed some large values that may reflect contaminant processes such
as taking a break during the task, we computed the mean and standard deviation of each
subject and excluded the ��� (�.��) individual trials that fell three standard deviations above
the mean. The remaining trials were averaged for each subject and modeled using the log-
normal response distribution; the results are summarized in column � in Table �.�. The average
decision time was higher under process accountability but with the predicted difference of
only �.� seconds [-�.�, �.�] per trial for a typical subject. In addition, the estimate is imprecise,
meaning that the data are consistent with a wide range of effects. For example, the model
assigns a probability of �.�� to the possibility that process accountability decreases decision
time.

��



-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

R
M

SE

Fe
m

al
e

Ag
e

M
an

ip
. c

he
ck

D
ec

is
io

n 
tim

e

R
at

io
na

l

Ex
pe

rie
nt

ia
l

Kn
ow

le
dg

e

C
on

fid
en

ce

O
ve

rc
on

fid
en

ce

Br
ie

r s
co

re
  

Ju
st

if.
 (w

or
d 

co
un

t)

Female

Age

Manip. check

Decision time

Rational

Experiential

Knowledge

Confidence

Overconfidence

Brier score  

Justif. (word count)

Justif. (response time)

0.11

0.01

-0.12

-0.31

-0.32

0.11

-0.36

-0.55

0.49

0.25

0.06

-0.05

-0.09

-0.02

0.01

-0.14

0.17

0

-0.11

-0.01

-0.04

-0.27

-0.17

0.03

0.03

-0.05

-0.1

0.03

-0.1

-0.05

-0.02

0.14

0.17

0.07

0.07

-0.13

0.13

-0.02

-0.11

-0.05

0.16

0.13

0.34

-0.05

0.19

0.13

-0.2

-0.13

0.03

0.19

-0.36

0.09

0.4

-0.08

0.07

0.12

0.14

-0.01

-0.16

0.07

0.05

-0.12

-0.16

0.29

-0.21

-0.03

-0.03

-0.03

0.01

0.17

-0.04

-0.03

0.83

0.01

-0.03

0.01

-0.08 0.78

Figure �.�: Correlations (Pearson’s r) between the various measures. RMSE is root mean
squared error (based on observed popularity), so a measure which positively predicts perfor-
mance will correlate negatively with RMSE. All measures were computed using the full sample,
except for Justification (word count) and Justification (sec); these measures are based on sub-
jects in the process accountability conditions because only these subjects wrote justifications.
See section Appendix � for variable definitions. (Color version of this figure is available in the
electronic version of this document.)
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Table �.�: Bayesian posterior means (standard deviations), full sample.

Parameter Decision time RMSE Rational Experiential Knowledge Brier score

Intercept �.�� (�.��)*** �.�� (�.��)*** �.�� (�.��)*** �.�� (�.��)*** �.�� (�.��) �.�� (�.��)***
Mixed Env. �.�� (�.��) -�.�� (�.��)*** -�.�� (�.��) �.�� (�.��) -�.�� (�.��)*** -�.�� (�.��)***
Process Acc. �.�� (�.��) -�.�� (�.��)* �.�� (�.��) -�.�� (�.��) �.�� (�.��)* �.�� (�.��)
M.E. x P.A. -�.�� (�.��) �.�� (�.��) -�.�� (�.��) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Male �.�� (�.��) -�.�� (�.��)** �.�� (�.��)** -�.�� (�.��)** -�.�� (�.��) �.�� (�.��)

Prediction accuracy

We follow de Langhe et al. (����) in using the root mean squared error as ameasure of prediction
accuracy, with lower values indicating better performance. The squared error part of the
measure is based on observed popularity, which equals the true underlying popularity of the
EasyPhone plus random error. The modeling results are summarized in column � of Table
�.�. There is a substantial main effect of environment, with higher accuracy in the mixed
environment. There is also some evidence for a negative (meaning error-reducing) effect
of process accountability. This result is directionally consistent with that of de Langhe et al.
(����), although we observe a substantially smaller effect size and considerable uncertainty.
In particular, the results of de Langhe et al. (����) imply a standardized effect size (Cohen’s
d) of about -�.��. In our study, the equivalent effect size (i.e. for the standard environment
only) is -�.��. Using the model to quantify the uncertainty around this estimate, we obtain an
interval of [-�.��, �.��] and a probability of �.�� that the population effect size in this study is
less extreme than the one reported by de Langhe et al. (����).

Note that because we are using the observed popularity to assess the accuracy of predictions,
the measure is based only on the first part of the task (trials � - ���) and not the second part
(final �� trials), during which subjects did not receive any feedback. We therefore checked
the robustness of the results by computing a second root mean squared error measure that
encompasses all ��� trials. This measure is based on the latent popularity of EasyPhones, as
determined by the equations reported in the section Experimental manipulations. The results
based on this measure are very similar to the ones for our main measure.

Finally, in Figure �.� we plot themoving root mean squared error to obtain insight into how
accuracy changed over time. We set the window to �� trials and used the latent popularity
when computing the root mean squared error so that we can observe accuracy in the last
block of trials, when performance feedback ceased. The figure displays the averages for
each experimental condition and the corresponding ��� uncertainty bands obtained using
a boostrapping procedure. We observe a strong effect of environment and clear evidence
of improvement in both environments until the final block, when the trend reverses. As
expected given the sign of the interaction coefficient reported in column � of Table �.�, the
difference between the two accountability conditions is more pronounced in the standard
environment—but only around the middle of the first part of the task.
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Figure �.�: Accuracy over time. The measure depicted on the y-axis is the moving root
mean squared error (computed by comparing subjects’ judgments with latent popularity), so
lower values better reflect better performance. The moving window was set to �� trials. The
colored lines denote condition averages, and the shaded areas display ��� uncertainty intervals
obtained using a bootstrapping procedure (number of iterations: ����). (Color version of this
figure is available in the electronic version of this document.)
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Confidence

Figure �.� compares the subjects’ confidence in the accuracy of their predictions (defined
as being within �.� of the actual popularity) with the actual accuracy rate. In the case of
perfect calibration (dashed lines in the figure), subjects’ confidence would perfectly track their
accuracy. For example, a subject would be correct ��� of the time when their confidence was
���. Overconfidence is indicated by the actual calibration curve (red and blue lines in the
figure) being above the dashed line that denotes perfect calibration. Conversely, the actual
curve being below the perfect calibration line indicates underconfidence. Our results replicate
a well-known pattern in the literature of overconfidence for all but the most difficult trials (the
trials for which the subjects are least confident). The figure also suggests that calibration is
considerably better in the mixed environment compared to the standard environment. The
difference between the two accountability conditions, however, appears small.

Next, we computed the Brier score (Brier, ����), which is the mean squared difference between
the probability assigned to an event and the actual outcome. In our case, the actual outcome
equals one if the subject was accurate in a particular trial and zero otherwise. The Brier score
tracks how much insight subjects have into their performance. The ideal score of zero would
be achieved if a subject always expressed ���� confidence when they were in fact accurate,
and �� confidence when they were not. Siegel-Jacobs and Yates (����) found lower Brier score
among process-accountable subjects compared to outcome-accountable ones. Our analysis,
reported in column � of Table �.�, does not replicate this finding. The coefficent for process
accountability is positive (meaning worse performance) and the model assigns a probability
of only �.�� to the hypothesis that process accountability improves the Brier score relative to
outcome accountability. We do find, however, a strong main effect of environment. Mirroring
the results for prediction accuracy, subjects in the mixed environment outperformed those in
the standard environment.

Postexperimental questionnaire

We constructed an aggregate measure of knowledge by combining the two relevant sets of
questions. First, we computed Pearson’s correlation coefficient between actual cue weights
and subject’s estimates of cue importance� (cue weight items, see Procedure and materials).
Second, we counted how often subjects correctly compared the two cue values within a single
cue (cue value items). In the case of the color cue, for example, subjects who had indicated
that blue EasyPhones were more popular than red ones received a score of one if that was
indeed the case, and a score of zero if red EasyPhones were more popular or if there was
no difference. Finally, an aggregate measure of explicit knowledge was constructed by first
standardizing and then averaging these two preliminary measures. As expected, higher values
of explicit knowledge predicted lower root mean squared error (see Figure �.�). We regressed
knowledge on the standard set of predictors; the results are summarized in column � of Table
�.�. First, we observe a strong main effect of environment; subjects in the mixed environment
displayed worse knowledge than subjects in the standard environment. However, a follow-up

�Some subjects entered the same estimate for all four cues, yielding an undefined value of the correlation coefficient.
We imputed the value of zero for these subjects.

��



●

● ●

●
● ● ●

● ●

●
pe

rfe
ct 

ca
libr

ati
on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

●

●

● ●
●

●

●
●

●
●

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

●

●
●

● ● ●
●

●
●

●pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

● ●

●

● ●
●

●

●

●

●

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

pe
rfe

ct 
ca

libr
ati

on

Process accountability
Mixed environment

Outcome accountability
Mixed environment

Process accountability
Standard environment

Outcome accountability
Standard environment

0% 10
%

20
%

30
%

40
%

50
%

60
%

70
%

80
%

90
%

10
0% 0% 10
%

20
%

30
%

40
%

50
%

60
%

70
%

80
%

90
%

10
0%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Confidence (binned)

%
 c

or
re

ct

Figure �.�: Calibration curves for the four experimental conditions. On the x-axis, subjects’
probability judgments that their prediction was correct (i.e. within �.� of the truth) were
binned into ��-���, ���-���, . . . , ���-����. On the y-axis, the actual percentage of correct
predictions. The dashed line represents perfect calibration. The size of the points represents
the number of probability judgments in the bin. (Color version of this figure is available in the
electronic version of this document.)
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analysis raised the possibility that this effect is illusory. Specifically, the analysis revealed that
the effect is entirely due to the cue value questions. In particular, two of the cues in the mixed
environment had a weight of zero, meaning that the correct answer to the cue value questions
was that there was no difference between the two cue values for popularity. Returning to our
color cue example, the correct answer would be that there was no difference in popularity
between blue and red EasyPhones. Subjects did poorly on these questions, which could mean
that they had difficulty learning that a cue did not matter at all, and would instead pick up
illusory patterns. However, this claim rests on a measure that is based on the latent popularity
whereas subjects only observed observed popularity. It is therefore possible that subjects picked
up small but real differences originating from the noise component of the equation governing
the popularity of EasyPhones. Unfortunately, the data were not recorded at a sufficiently
granular level to allow us to test this possibility. The main effect of environment on the level of
knowledge therefore cannot be unambiguously interpreted. In addition to the main effect of
environment, the model also provides some evidence for a main effect of accountability. In
particular, the level of knowledge was higher under process accountability than under outcome
accountability.

Finally, we analyzed situation-specific thinking style. We averaged over the relevant trials to
obtain two measures, one for rational thinking style and one for experiential thinking style
(Novak and Hoffman, ����). Figure �.� reveals that the two measures correlate negatively and
that rational thinking style correlates more strongly with prediction accuracy. In particular,
subjects with higher scores on this measures achieved lower error. Examination of the means
in Table �.� shows that, in line with de Langhe et al. (����), the means are higher under process
accountability than under outcome accountability. As with prediction accuracy, however, the
effect is weaker in magnitude. Whereas de Langhe et al. (����) observe a standardized effect
size (Cohen’s d) of about �.��, the equivalent effect size in the current study is �.�� (model-
based uncertainty interval: [-�.��, �.��]) for the standard environment and �.�� [-�.��, �.��]
overall. Comparing the raw means, we observe that in the process accountability conditions
the current study replicates the results of de Langhe et al. (����) down to the first decimal
place. The difference is due to the outcome accountability conditions, where the subjects in
the current study scored notably higher than their counterparts in de Langhe et al. (����).

�.� Discussion

The current study was motivated by the lack of independent replication studies in the literature
on process and outcome accountability, coupled with the recognition of the essential role
replications play in enabling a cumulative science. More specifically, our goal was to replicate
and extend two key findings reported by de Langhe et al. (����). We attempted to replicate
the finding that (i) process accountability facilitates higher accuracy in elemental multiple-
cue learning tasks compared to outcome accountability, and the finding that (ii) process
accountability facilitates a more rational thinking style as measured by the scale of Novak
and Hoffman (����)—again relative to outcome accountability. We extended these findings
in two ways. First, we collected additional measures, including decision time, confidence
judgments, and a custommeasure of explicit task knowledge. Thesemeasures have the potential
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to provide additional insight into the mechanism underlying the performance differences
between process and outcome accountability. Second, we tested the generalizibility of the
findings by additionally investigating a variation of the task used by de Langhe et al. (����).
Whereas the original task (labeled standard environment in the current study) featured only
cues that are actually informative and thus helped predict the criterion, the new version
(mixed environment) featured two fully uninformative cues that did not help in prediction. We
included this variation to test the robustness of the original findings and because some earlier
accountability research (Tetlock and Boettger, ����) as well as some of our related results (see
section Introduction) indicated that the inclusion of such cues might moderate the positive
effects of process accountability.

Did we replicate the two main findings of interest (de Langhe et al., ����)? This question
invites a binary answer and it is common to see the outcomes of replication studies described
as either a "success" or a "failure." But in this case a more nuanced conclusion is called for. On
the one hand, the results for both prediction accuracy and rational thinking are directionally
consistent with those of de Langhe et al. (����). On average, prediction accuracy was higher
under process than under outcome accountability, and the mean level of rational thinking style
was likewise higher under process accountability. On the other hand, the results of the current
study are substantially weaker both in terms of the magnitude of the effects and in terms of
statistical support. For both of the main results, our effect size is about half the size of that of
de Langhe et al. (����). Moreover, the considerable uncertainty around these estimates means
that the data are compatible with a wide range of parameter values, including zero. In the
framework proposed by LeBel et al. (����), the results of this replication study would therefore
be summarized as no signal — consistent because the ��� uncertainty intervals include both
zero and the effect size observed by de Langhe et al. (����).

The additional evidence obtained from measures of decision time and explicit task knowledge
resonates with the main findings. We found that both mean decision time and mean level of
knowledge were higher under process than under outcome accountability. In the language
of dual-process theories of human cognition (Kahneman, ����), these results are consistent
with the idea that process accountability stimulates Type � processes more than outcome
accountability. Again, however, the estimated effects of accountability type were small and
noisy. This was especially true for decision time where the estimated difference was less than
half a second more per trial.

In addition to collecting data from these additional measures, our study extended the results
of de Langhe et al. (����) by including a variation of the original task in which the weights
of two of the cues were set to zero. In contrast to the effects of accountability type, we found
clear evidence for strong effects of environment type. In particular, subjects were both more
accurate and better calibrated in the mixed environment. We found no evidence, however, for
any interaction between the type of environment and accountability type.

One final result deserves attention. Because we collected probability judgments in the second
part of the task, we were able to additionally test whether process accountability improved
calibration. This question was not investigated by de Langhe et al. (����). But it was investigated
by Siegel-Jacobs and Yates (����), who found that process-accountable subjects were more
accurate and better calibrated than outcome-accountable ones. We obtained no evidence for
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this result in the current study. One major difference between the two studies needs to be
highlighted, however. In the research of Siegel-Jacobs and Yates (����) subjects were directly
accountable for their probability judgments. In contrast, these judgments were secondary in
the current task, as the primary task (for which the subjects were held accountable) was to
accurately predict the criterion (the popularity of EasyPhones) and not to accurately formalize
their confidence in the accuracy of their prediction (the probability task). Thus our results
should not be interpreted as a failure to replicate the findings of Siegel-Jacobs and Yates (����).

The current study has implications for future research building on the results of de Langhe et al.
(����). The small effect sizes observed in this study suggest that future studies should employ
substantially larger sample sizes than what has been the norm so far in the accountability
literature. Alternative approaches for increasing the precision of the estimates include the
use of highly predictive covariates and the design of stronger manipulations. The substantial
decrease in the observed effect sizes is interesting in light of the fact that the current study
was a direct replication that also sampled from a very similar population of subjects as the
original research (which was conducted at the same institution). At the same time, the current
research features only a single study which puts a clear limit on howmuch we can learn. In our
view, findings from the literature on process and outcome accountability would provide a very
interesting target for a "Many Labs"-style collaborative investigation, in which a larger number
of researchers conduct the same study using diverse samples (Klein et al., ����). It would be
interesting to benchmark the variation in effect sizes that would be observed against similar
projects that have already been conducted, providing a test of our conjecture that accountability
effects display considerable variability. Another highly informative approach would be to
conduct a "metastudy" (Baribault et al., ����). In this context, a metastudy would include a
reasonable set of operationalizations of process and outcome accountability from which the
exact operationalization for a given subject would be randomly sampled. Hierarchical Bayesian
modeling could then be used to pool information across the resulting datasets and investigate
the variability of the focal effect. A more modest recommendations for future research is to
carefully document and share the research materials used in a study. As LeBel et al. (����)
note, a study cannot be properly scrutinized if it’s not reported with sufficient transparency.
The current project contributes to this by openly sharing all materials as well as data.

In conclusion, we hope that the present research stimulates future replication studies targeting
key findings in the literature on process and outcome accountability.
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�.� Appendix �

Table �.� provides an abstract representation of the stimuli used in the study. Each row
corresponds to one EasyPhone and columns � - � define the corresponding EasyPhone in
terms of the four cues (color, size, shape, and keyboard arrangement). Column � can be used
to distinguish between the EasyPhones used in both parts of the study from those used only in
the second part of the study (last �� trials).

Table �.�: Abstract representation of the stimuli.

ID Used in: Cue � Cue � Cue � Cue �

� both parts � � � �
� both parts � � � �
� both parts � � � �
� both parts � � � �
� both parts � � � �
� part � � � � �
� both parts � � � �
� both parts � � � �
� both parts � � � �
�� part � � � � �
�� both parts � � � �
�� both parts � � � �
�� both parts � � � �
�� part � � � � �
�� both parts � � � �
�� part � � � � �
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�.� Appendix �

Table �.�: Variable definitions.

Label Definition

Manipulation check The average of two outcome accountability-related self-report
items minus the average of the two process accountability-related
self-report items. The items were administered in the postexper-
imental questionnaire and used a �-point Likert response scale.
See section Procedure and materials for the exact items.

Decision time (seconds) The average time that elapsed between stimulus presentation and
the submission of the prediction; outliers were excluded before-
hand. See section Predecisional behavior.

RMSE Root mean square error of the predictions, with the error com-
puted based on observed popularity (trials � - ���). See section
Experimental manipulations.

Rational thinking Average of the (slightly adapted) ten items of the rational subscale
of the situation-specific thinking style questionnaire (Novak and
Hoffman, ����). The response scale was a �-point Likert scale.
The exact items are available in the project repository (see section
Additional information).

Experiential thinking Average of the (slightly adapted) ten items of the experiential sub-
scale of the situation-specific thinking style questionnaire (Novak
andHoffman, ����). The response scale was a �-point Likert scale.
The exact items are available in the project repository (see section
Additional information).

Knowledge Score of explicit task knowledge based on a quiz included in the
postexperimental questionnaire. In one set of questions, subject
estimated the cues (e.g. how important the color cue was). In
another set of questions, they estimated cue values (e.g. were
blue phones more popular than red ones, vice versa, or no differ-
ence). The exact items are available in the project repository (see
section Additional information). For the exact calculation of the
knowledge measure, see section Postexperimental questionnaire.

Confidence Average confidence in the prediction being within �.� of actual
popularity. Based on the �� trials of the second part of the main
task.

Overconfidence Confidence (see above) minus the actual percentage of the �� trials
that were within �.� of actual popularity.
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Label Definition

Brier score Average squared difference between the confidence in the predic-
tion and the truth (the latter is � if the prediction was within �.�
of the actual popularity, � otherwise) a given trial. Based on the
�� trials of the second part of the main task.

Justification (word count) Number of words written in response to the justify-your-approach
question.

Justification (seconds) Time (in seconds) taken to submit the response to the justify-your-
approach question
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�.� Appendix �

As noted in the section Preliminary analyses, there were nine subjects (six in the process
accountability condition, three in the outcome accountability condition) for whom the manip-
ulation check score was directionally inconsistent with their accountability condition. Table
�.� replicates Table �.�, except that these nine subjects were excluded from the sample before
fitting the models.

In addition to the nine subjects mentioned above, there were �� subjects (�� in the process
accountability condition, �� in the outcome accountability condition) for whom the manipula-
tion check score was a neutral zero. If we additionally exclude these subjects before fitting the
models, we obtain the results summarized in Table �.�.

Table �.�: Bayesian posterior means (standard deviations), reduced sample �.

Parameter Decision time RMSE Rational Experiential Knowledge Brier score

Intercept �.�� (�.��)*** �.�� (�.��)*** �.�� (�.��)*** �.�� (�.��)*** �.�� (�.��) �.�� (�.��)***
Mixed Env. �.�� (�.��) -�.�� (�.��)*** -�.�� (�.��) �.�� (�.��) -�.�� (�.��)*** -�.�� (�.��)***
Process Acc. �.�� (�.��) -�.�� (�.��)* �.�� (�.��)* -�.�� (�.��) �.�� (�.��)** �.�� (�.��)
M.E. x P.A. -�.�� (�.��) �.�� (�.��) -�.�� (�.��) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Male -�.�� (�.��) -�.�� (�.��)* �.�� (�.��)* -�.�� (�.��)** -�.�� (�.��) �.�� (�.��)

Table �.�: Bayesian posterior means (standard deviations), reduced sample �.

Parameter Decision time RMSE Rational Experiential Knowledge Brier score

Intercept �.�� (�.��)*** �.�� (�.��)*** �.�� (�.��)*** �.�� (�.��)*** -�.�� (�.��) �.�� (�.��)***
Mixed Env. �.�� (�.��) -�.�� (�.��)*** -�.�� (�.��) �.�� (�.��) -�.�� (�.��)*** -�.�� (�.��)***
Process Acc. �.�� (�.��) -�.�� (�.��) �.�� (�.��) -�.�� (�.��)** �.�� (�.��)** �.�� (�.��)
M.E. x P.A. �.�� (�.��) �.�� (�.��) -�.�� (�.��) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Male -�.�� (�.��) -�.�� (�.��) �.�� (�.��) -�.�� (�.��) �.�� (�.��) -�.�� (�.��)
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Chapter 3
On insight problem solving under
process and outcome accountability

There ain’t no entertainment
And the judgements are severe

— Leonard Cohen describes environments that stifle creativity

Summary:

The effects of accountability on judgment and decision making have received a lot of attention
in the past few decades. This research suggests that holding individuals process accountable
typically results in better performance than holding them outcome accountable. However, the
effects of different types of accountability on creative problem solving remain unexplored. In
this chapter, we address this gap by studying the effects of process and outcome accountability
on performance on insight problems—problems which tend to be challenging because they
invoke a misleading cognitive representation or invite incorrect solution attempts. Drawing on
the literature on accountability and insight, we test the prediction that in the domain of insight
problem solving, performance will be better under outcome accountability. We report the
results of three (plus two) experiments using two commonly used insight tasks, the matchstick
arithmetic task and the remote associates task. Although we obtain preliminary evidence
that the prediction may hold for the remote associates task, altogether, the results are mixed
and highlight the inadequacy of the proposed theoretical account and the fickle nature of
accountability effects in this domain. We summarize the main lessons of the current research
and close by emphasizing the role of theory development, independent replication studies,
and open research practices in driving the future progress in this research program.

Acknowledgments:

Experiment � was designed together with Franziska Grotheer, who also collected the first wave
of Experiment � data and used it in her Master thesis. We thank her for her contribution. We
also thank Philip Eskenazi for sharing the data and the stimuli from his experiments, and
Evelien Reusen for her help in recruiting the subjects for Experiment �.
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�.� Introduction

Talking about research and development to executives at Disney�, the pioneering computer
scientist Alan Kay once described some of the ways to “kill the geese that lay the golden eggs.”
These include setting up deadlines and quotas, asking the “geese” to “justify their diet and day
to day [sic] processes,” and demanding that they explain “just how they will make the eggs
that will be laid.” For designers of management control systems, Kay’s observations highlight
an uncomfortable tension between the desire for valuable creative output and the demand
for accountability. Traditional approaches that are effective at facilitating run-of-the-mill
productivity may not be equally effective at stimulating fruitful insights that would solve
challenging problems faced by businesses and other organizations.

We define accountability as an expectation that (some aspect of) one’s performance will be
evaluated by an audience (such as one’s manager) and that the evaluation will result in positive
or negative consequences for the accountable individual (Siegel-Jacobs and Yates, ����). We
start from the basic premise that some degree of accountability is inescapable in organizational
life. This premise shifts the question from if accountability should be implemented to how
(Tetlock et al., ����). In response to this question, the literature in psychology andmanagement
highlights a key distinction between process and outcome accountability (Patil et al., ����).
Whereas process-accountable individuals are expected to justify how they approached a given
problem and evaluated on the reasonableness of their approach, outcome-accountable indi-
viduals are held accountable for the eventual outcomes of their actions (Simonson and Staw,
����).

In the last two decades or so, a number of laboratory studies investigated the effects of process
and outcome accountability on accuracy as well as other outcomes of interest to management
scholars, such as self-serving behavior (Pitesa and Thau, ����), negotiation tactics (Chang et al.,
����), and professional skepticism during an audit (Kim and Trotman, ����). These studies
span multiple academic disciplines, including psychology (Siegel-Jacobs and Yates, ����),
personnel management (Brtek and Motowidlo, ����), and management accounting (Dalla Via
et al., ����). Their results suggest that process accountability is typically more effective at
stimulating accuracy and other desirable outcomes than outcome accountability (Patil et al.,
����) and also provide some evidence regarding the underlying cognitive mechanism that
mediates these findings (de Langhe et al., ����).

Although these studies span a number of domains of clear theoretical and practical interest,
the domain of creative performance has been relatively neglected. The only exception we are
aware of is the study by Häusser et al. (����), who contrasted the effects of process and outcome
accountability (separately and in combination) on idea generation and selection. Although the
mean creativity ratings of the generated solutions were similar across the conditions, subjects
in the no accountability condition produced more unique ideas than subjects under (any kind
of) accountability—providing some corroboration to Alan Kay’s conjecture summarized in
the first paragraph.

Our research differs from the work of Häusser et al. (����) as we consider a different aspect of
�From: http://worrydream.com/����-��-��-alan/, accessed on April ��, ����
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creative problem solving. In general, problems that call for creative solutions can be of two
types. Some problems are relatively open-ended, such that many different (perhaps radically
so) solutions could in principle fulfill the goals of the individual or the organization. For
example, many different advertising campaigns could successfully support the marketing of a
new product. Problems of this type were the focus of Häusser et al. (����). Other challenging
problems impose tight constraints on the solution space. In the extreme, only one solution will
do. In this chapter, we investigate a class of problems belonging to this second category, called
insight problems in the psychology literature. Although we directly focus on these problems
only, some aspects of insight problem solving may generalize to more open-ended creative
problem solving too.

Our interest in insight problems is a function of two factors. First, insight problems can serve
as a model for important discoveries in business and science. Therefore, learning which factors
support or hinder successful performance on these problems in laboratory conditions has
the potential to inform the design of management systems in real world settings, where it
may be very challenging to assess their effects in this domain directly (compared to simpler
forms of productivity). Second, the literature on insight and the results of Eskenazi (����) raise
an interesting possibility that the commonly observed superiority of process over outcome
accountability will not extend to the domain of insight problems.

In the remainder of this Introduction, we first describe insight problems and summarize the
most relevant theoretical ideas and experimental results of the literature on this topic. Next,
we provide an overview of the literature on process and outcome accountability and highlight
the dominant explanation for the common finding of higher performance under process
accountability than under outcome accountability. Finally, we tie these literatures together and
discuss what they jointly suggest about insight problem solving under process and outcome
accountability.

Insight problem solving

Failure in problem solving can have different causes. For example, the solution to a problem
could prove elusive because the individual simply lacks the knowledge or ability that is required
to solve the problem. Alternatively, the source of difficulty could reside in the way in which
the individual thinks about the problem. People are sometimes stuck because they frame the
problem in a way that is unnecessarily constraining or otherwise unhelpful. If an inappropriate
cognitive representation of the problem is adopted, people may fail to produce a solution even
when they in fact possess the required knowledge, ability, and motivation (Knoblich et al.,
����).

Problems that tend to elicit unhelpful cognitive representations are often called insight problems.
That is because, when these problems do get solved, a particular sequence of cognitive activity
is typically reported. It includes initial but unsuccessful attempts, a state of impasse during
which an individual is stuck and does not know how to move forward, and finally the sudden
and unanticipated grasping of the solution (Chu and MacGregor, ����). Many discoveries and
inventions in domains ranging from science to art fit this pattern, which may explain why the
study of insight has become a lively interdisciplinary research area in recent decades.
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How do individuals solving insight problems eventually change the cognitive representation of
the problem from the initial, unproductive one to a representation that facilitates the finding
of the solution? The answer to this question is the subject of an ongoing theoretical debate
but according to the influential special-process view of insight, the change in representation
that enables insight is brought on by processes that are implicit, automatic, and unconscious
in nature, or Type � in the terminology of modern dual-process theories of human cognition
(Knoblich et al., ����; Bowden et al., ����). According to dual-process theories, Type � processes
differ fundamentally from processes of Type � which are conscious, deliberate, effortful, and
mediated by working memory (Kahneman, ����). The special-process view of insight suggests
that an increase in Type � (controlled, deliberate) processing may not be as beneficial in insight
problems as it is in other kinds of problems. The stronger version of this hypothesis states that
an increase in Type � can even prove detrimental to the extent that it interferes with Type �
processing that would otherwise lead to a representational change.

This intriguing hypothesis has been studied in a number of ways. Some studies measure
working memory capacity and correlate it with performance on insight problems (Fleck, ����;
Chein et al., ����; Chein and Weisberg, ����; DeCaro et al., ����; Chuderski and Jastrzębski,
����). The results of these studies are mixed and subject of an on-going debate (Chuderski
and Jastrzębski, ����; DeCaro et al., ����). But on the whole, the results seem more consistent
with the idea that working memory capacity correlates positively with performance on insight
problems, though DeCaro et al. (����) argue for the existence of important moderating factors.
In any case, the correlational nature of this evidence presents some difficulties for interpretation.
We therefore focus on studies that employed an experimental approach to investigate the role
of Type � and Type � processes in insight problem solving.

The basic logic of these experiments is to manipulate the extent to which individuals rely
on Type � and Type � processes and observe the downstream consequences on performance.
Some of these studies attempt to increase the relative extent of Type � processing by asking
subjects to verbalize their thinking during problem solving (Schooler et al., ����; Ball and
Stevens, ����; Gilhooly et al., ����; Ball et al., ����). Other studies attempt to decrease the
relative extent of Type � processing by employing a concurrent secondary task while subjects
solve insight problems (Lavric et al., ����; Ball and Stevens, ����; Jarosz et al., ����; Ball et al.,
����; DeCaro and Van Stockum, ����). Alternative approaches that follow the same basic idea
include using alcohol intoxication (Jarosz et al., ����) or relying on the ego depletion paradigm
(DeCaro and Van Stockum, ����). Finally, Zedelius and Schooler (����) attempted to both
increase (in one condition) and decrease (in the other) the relative extent of both Type � and
Type � processing by instructing subjects to either engage in an active, “analytical” approach
to problem solving or in a more passive, “intuitive” approach.

Themajority of these experiments are consistent with the hypothesis highlighted above. That is,
a relative increase (decrease) in Type � (Type �) processing was associated with either a decrease
in performance on insight problems (stronger version of the hypothesis) or at least with a lack
of an increase in performance (weaker version of the hypothesis). Of course, studies in this
second category offer only limited evidence, as the lack of an increase can indicate nothing
more than insufficient statistical power. In addition, the results of at least one study (Ball and
Stevens, ����) directly contradict the hypothesis, as verbalization (meant to increase reliance
on Type � processing) was linked to improved performance whereas auditory suppression
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(meant to decrease reliance on Type � processing) was linked with decreased performance.
Therefore, the results in this stream of literature are overall not conclusive. But, at the very least,
they do indicate that in some circumstances an increase in deliberate, controlled cognitive
processing may not pay off in terms of improved performance on (some) insight problems.

Process and outcome accountability

Under pure process accountability, the evaluative focus is on the individual’s judgment strategy,
problem-solving approach, or reasons for making a specific decision. Under pure outcome
accountability, these considerations are ignored and the only thing that matters are the relevant
consequences for the organization, such as the profitability of one’s investment strategy. Clearly,
there are many ways in which each of these two types of accountability could be implemented.
For example, a management control system based on the idea of process accountability could
be linked with precise guidelines that the individuals are supposed to follow. The effectiveness
of such a system would in large part depend on the appropriateness of those guidelines for
the domain at hand (Patil et al., ����). The focus in the existing literature on accountability,
however, has been on process accountability coupled with a lack of clear guidelines for action.
It is this kind of process accountability that has been associated with superior performance
compared to outcome accountability, and it is this kind of process accountability that we
investigate in this chapter.

Why does this “open” form of process accountability appear to be more effective in facilitating
accurate performance than the more direct approach of outcome accountability? In one
of the early demonstrations of this effect (in the domain of probability judgment), Siegel-
Jacobs and Yates (����) suggested that process-accountable individuals on average process a
larger amount of information than outcome-accountable ones, although their own process-
tracing data (average number of cues inspected per judgment) failed to provide evidence for
this conjecture. However, a survey conducted among organizational buyers did reveal some
correlational evidence for a link between process accountability and information collection and
analysis (Doney and Armstrong, ����). Later experimental studies suggested that although the
absolute amount of information considered may not reliably differ under process and outcome
accountability, the way this information is processed might. Relying on real-time observation
of behavior by a confederate, Brtek and Motowidlo (����) reported that process-accountable
subjects appeared more attentive when analyzing video-taped interviews for the purpose of
providing predictions on how the interviewed candidates would perform on the job. More
recently, Häusser et al. (����) reported that time spent on the task was higher under process
accountability and Dalla Via et al. (����) reported a larger number of saccades under process
accountability (interpreted as search effort by the authors).

These findings link the accountability literature to dual-process accounts of human cognition
introduced in the previous section, as an increase in time spent on the task and number of
saccades/fixations are markers for increased engagement of Type � processing (e.g. Horstmann
et al., ����; Dickert et al., ����). But the clearest evidence yet comes from a series of studies
by de Langhe et al. (����). These authors found that process-accountable subjects were more
accurate than outcome-accountable ones in an elemental multiple-cue judgment task (meaning
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that the relationship between predictive cues and the criterion was linear). Crucially, this
difference wasmoderated by personality differences in the tendency to engage in analytical
thinking and mediated by situation-specific rational thinking style, suggesting that — at
least in their task — the superiority of process accountability can be explained by the more
deliberate and systematic cognitive processing of Type � on the part of process-accountable
individuals. Additional results consistent with this hypothesis come from investigations that
focused specifically on process accountability (e.g. Scholten et al., ����).

Accountability focus and insight problem solving

The empirical work reported in the previous section suggests that process accountability is
typically more effective in facilitating the deliberate, controlled cognitive processing of Type
� than outcome accountability (de Langhe et al., ����). In light of this conjecture, the fact
that performance is often higher under process accountability (Patil et al., ����) is perhaps
not surprising. That is because a large body of evidence in psychology identifies insufficient
engagement of Type � processing (in response to the automatic outputs supplied by Type �
processing) as a major culprit behind many failures of human thinking (Kahneman, ����).

But although an increase in Type � processing leads to improved performance in a variety of
situations, this is not universally the case. Drawing on a diverse body of work in cognitive
science, psychology, and neuroscience, Amer et al. (����) show that some forms of learning
and problem solving can in fact be impaired by an increase in the controlled processing of
Type �. For example, they argue that “reduced cognitive control in older adults may boost
creativity and their ability to solve insight problems.” This claim is consistent with (most of the)
experimental evidence reviewed above, as older age is associated with a decline in controlled
processing. Overall, this work raises the possibility that the relative advantage of process over
outcome accountability may be diminished or even reversed in the case of insight problem
solving.

In the accountability literature, evidence consistent with this hypothesis was reported by
Eskenazi (����, Chapter �). Across three studies, the average performance on the remote
associates task was consistently lower in the process accountability condition than in the no
accountability condition. Because the remote associates problems are challenging problems
that are frequently solved with insight (Bowden and Jung-Beeman, ����), this result supports
the above hypothesis if we assume that outcome accountability would not have had such a
performance-decreasing effect. The work reported in this chapter expands on the results of
Eskenazi (����) in three main ways.

First, we are the first to directly contrast process and outcome accountability in the domain of
insight problems. We focus on this comparison because the typical question in organizational
life is not whether accountability should be implemented but rather how (Tetlock et al., ����).
Another reason to directly compare process and outcome accountability has to do with the
potential of accountability to induce stress (Siegel-Jacobs and Yates, ����; Häusser et al.,
����) and the fact that stress has been linked to impaired performance on insight problems
(e.g. Martindale and Greenough, ����; Alexander et al., ����). These observations raise
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the possibility that process and outcome accountability would have a similarly deleterious
performance effect to the extent that both would result in stress (Häusser et al., ����).

Second, we attempt to replicate the finding of increased Type � processing under process
accountability compared to outcome accountability (de Langhe et al., ����) and link it to
performance on insight problems. That is, we attempt to provide direct mediational evidence
that the assumed differences among accountability conditions in insight problem solving can
be explained by the differences in the degree of Type � and Type � processing among these
conditions.

Third, we rely on two different types of insight problems to investigate our research question.
Unfortunately, there are no problems that can elicit the insight sequence with perfect reliability.
Indeed, the inconsistent results reported in the literature on insight problem solving could in
part stem from the use of different kinds of problems in different studies. In the absence of
a “gold standard,” we tested two different types of problems in the experiments reported in
this chapter, namely thematchstick arithmetic problems (Knoblich et al., ����) and the remote
associates problems (Mednick, ����). These are among the most commonly used problems in
research on insight and have certain methodological advantages over other candidate problems
(Chu and MacGregor, ����). At the same time, there are clear differences between these two
types of problems. For example, matchstick arithmetic problems are quasi-mathematical
whereas remote associates are verbal. Observing the same results using both of these problem
types would enhance our confidence in their generality. Conversely, observing that the results
differ would suggest the existence of moderators deserving of further study.

In the rest of this chapter, we report the results of three main and two supplementary experi-
ments targeting our research questions before concluding with a general discussion in section
�.�.

�.� Experiment �

To the best of our knowledge, Experiment � is the first direct comparison of process and
outcome accountability in the domain of insight problems. In addition to process accountabil-
ity and outcome accountability, the experiment features two other experimental conditions.
First, the control condition includes no explicit accountability manipulation and therefore
helps us to better understand the nature of any differences between process- and outcome
accountability conditions that we might observe. Second, the mixed accountability conditions
models the common organizational setting that includes elements of both process and outcome
accountability.

The task we have chosen for this first test featuresmatchstick arithmetic problems (Knoblich
et al., ����). These are false arithmetic statements that are represented using Roman numerals
composed of matchsticks. The goal is to transform a false statement into a mathematically
correct one by moving a single matchstick. On the face of it, matchstick arithmetic problems
ought to be easy because only a single move is needed to solve a given problem. In spite of this,
subjects often encounter impasse and fail to solve (some of) the problems in the allocated time
(Knoblich et al., ����).
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Knoblich et al. (����) explain the difficulty of matchstick arithmetic problems by highlighting
the role of common arithmetic and algebraic knowledge that is automatically activated upon
encountering problems of this kind. This knowledge includes constraints on the possible
operations and end states that prove counterproductive in this particular context. In addition,
a solution move is less likely to be considered if it involves breaking an existing element into
two subelements that are not meaningful on their own. For example, subjects are more likely
to think of removing a matchstick from the Roman numeral III (an operation that produces
two meaningful subelements, I and II) than from the Roman numeral X (an operation that
produces two tilted matchsticks which are not meaningful on their own). On the basis of these
considerations, Knoblich et al. (����) were able to predict the relative difficulty of different
types of matchstick problems. In particular—and using the labels reproduced in Table �.�—the
two distinct theorized orderings are C > B > A and D > A, where the problem type on the
left-hand side of the inequality is predicted to be the more difficult one. While our task features
matchstick arithmetic problems of varying levels of difficulty, our primary interest is in the
more difficult problems as these are the ones most likely to require restructuring and insight.

Methods

Subjects. A total of ��� subjects (recruited from a paid subject pool) participated in the study.
The average age was ��.� years (SD = �.�), ��� subjects were female and ��male. Participation
in the study took about ��minutes and subjects were compensated with �.�� for their time.
The data for the first ��� subjects were collected in May and June ����. To reach the planned
sample size of ���, we conducted additional sessions between January and March ����.

Experimental design. Subjects were randomly assigned to either a no accountability (n = ��),
process accountability (n = ��), outcome accountability (n = ��), ormixed accountability condi-
tion (n = ��). Because the maximum bonus amount (see Experimental manipulations below)
was the same in all three accountability conditions, this is not a pure � (process accountability:
yes/no) × � (outcome accountability: yes/no) design.

Experimental manipulations. Right before the main task, subjects in the three accountability
conditions read the text that served as a manipulation of accountability. They were informed
that they were going to be evaluated by a team of judges and that they could earn a bonus of up
to �.�� in addition to the basic payment. Subjects in the process accountability condition were
told that this bonus was tied to how clear and detailed a description of their problem-solving
strategy they produced and not to the number of problems solved correctly. In contrast, subjects
in the outcome accountability condition were told that their bonus depended on the number
of problems solved correctly and not on the way they solved them. These manipulations are
similar to other manipulations of process and outcome accountability in the recent literature
(de Langhe et al., ����; Patil et al., ����). Finally, subjects in the mixed accountability conditions
were told that the bonus depended both on how many problems they solvde and on how clear
and detailed a description of their problem-solving strategy they produced (each contributed
���). Subjects in the control condition received no accountability-related instructions and
proceeded directly to the matchstick arithmetic task.

Procedure and materials. After being welcomed and given the informed consent statement,
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subjects proceeded to individual cubicles. From this point onward, the procedure was fully
computerized. After entering demographic information and completing a �-item measure of
state anxiety (Marteau and Bekker, ����), subjects practiced recognition of Roman numerals
in three blocks of �� trials (in each trial, the subject saw a Roman numeral, entered its Arabic
counterpart, and received accuracy feedback). Following the training, subjects were given
instructions for the matchstick arithmetic task, practiced selecting andmoving the matchsticks
using mouse and keyboard, and completed a �-item quiz concerning task rules. The subjects in
the accountability conditions than received the text that served as a manipulation of account-
ability, after which the main task began. This main task consisted of �� problems taken from
Knoblich et al. (����) and listed in Table �.�. The trials were divided into two blocks, with the
order of trials within each block determined randomly for each subject. Each trial consisted
of a matchstick equation and a timer counting down from ��� seconds. Once the subject
pressed ENTER or after ��� seconds elapsed, subjects were prompted to enter the solution.
The time to enter the solution was limited (�� seconds to select the matchstick and then ��
seconds to move it to the correct position) and no feedback was given afterwards. The trials
automatically followed each other, except that there was a break after the first block. Upon
completion of the matchstick arithmetic task, subjects in all conditions entered a description of
their problem-solving strategy. Finally, subjects completed the postexperimental questionnaire.
The items included the manipulation check and the payment expectation item (these two items
were answered by subjects in accountability conditions only), an item about familiarity with
matchstick arithmetic problems, a second administration of the �-item state anxiety measure,
three items concerning how much the subject thought about his or her task approach during
the task (process thinking) and one item about time pressure. The study was programmed in
Python using the PsychoPy package (Peirce, ����).

Table �.�: The twelve matchstick problems used in Experiment �.

ID Problem Solution

� A� VI = VII + I VII = VI + I
� A� IV = III + III VI = III + III
� B� I = II + II I = III - II
� B� IV = III - I IV - III = I
� C� III = III + III III = III = III
� D� XI = III + III VI = III + III
� A� II = III + I III = II + I
� A� IX = VIII + III XI = VIII + III
� B� III = V + III III = VI - III
�� B� V = III - II V - III = II
�� C� IV = IV + IV IV = IV = IV
�� D� VI = VIII + III XI = VIII + III

Note: The problems were taken from Knoblich et al. (����). Problems � - � appeared in Block �,
the rest in Block �. The letter in the problem ID corresponds to problem type using the
classification of Knoblich et al. (����).
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Scoring. Correctness of subjects’ solutionswas evaluated by examining the screenshots (covertly)
taken during the experiment. Overall, in ��.�� of the trials the subject’s solution matched the
solution reported in Table �.�. In addition, we identified seven other solution types. Four of
these were explicitly forbidden in the instructions. They include obtaining the solution by
(i) removing the matchstick off the screen (�.�� of all trials), (ii) using a non-standard Ro-
man numeral (�.��), (iii) using a not-equals sign (�.��), and (iv) interpreting a clearly “tilted”
matchstick as being non-tilted (i.e. vertical or horizontal) (�.��). The remaining three solution
types were not explicitly forbidden in the instructions. These include solutions obtained by (i)
placing a matchstick directly on top of another matchstick (functionally equivalent to moving
a matchstick off the screen) (�.��), (ii) interpreting a “non-tilted” (i.e. vertical or horizontal)
matchstick as being tilted (�.��), and (iii) leaving the equation with a “hanging” operator (e.g.
III = III +) (�.��). For our primary analysis we accept as correct only those answers that match
the solution reported in Table �.�. But we also analyze the data using an alternative scoring rule
that additionally accepts the three solution types not explicitly forbidden in the instructions.

Data analysis. We used Bayesian estimation to analyze the data. In particular, we fit a mixed-
effects logistic regression model using the following specification:

yi j ∼ Bernoulli(θ i j)
logit(θ i j) = α� + αsubject[i] + αproblem[i]+(βPA + βPA, problem[ j])PAi

(βOA + βOA, problem[ j])OAi

(βMA + βMA, problem[ j])MAi ,

(�.�)

where yi j equals one if subject i correctly solved problem j and zero otherwise, PA, OA, and
MA are dummy variables corresponding to the process accountability, outcome accountability,
andmixed accountability conditionss, α� is the grand intercept, αsub jec t is the varying intercept
for subjects, αprobl em is the varying intercept for problems, and the final three lines correspond
to the varying effects of the three accountability conditions (broken down into average effects
and problem-specific adjustments).

Because the model is a Bayesian one, its parameters require a prior distribution. We used
the results of a pilot study and domain knowledge to formulate weakly informative priors.
In particular, we placed a normal prior with a mean of �.� and a standard deviation of � (i.e.
Normal(�.�, �)) on the grand intercept, reflecting the assumption that a typical subject placed
in the control condition will correctly solve about ��� (��� uncertainty interval: [���, ���])
of the problems. For the average effects of the accountability conditions, we used a Normal(�,
�.�) prior. If someone’s probability of solving a given matchstick problem equals ���, this
prior suggests that any of the three accountability manipulations may increase or decrease this
probability by up to �� percentage points, and that it is unlikely (p < �.��) that the magnitude
of the effect would be larger than that. The priors for the standard deviations were half-normal
(truncated at zero) with a mean of � and standard deviation of � (subjects) or �.� (problems).
Finally, an LKJ prior (Stan development team, ����) with η set to � was used for the correlation
matrix for the varying effects.
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We fit themodel using the R package brms (v�.�.�, Bürkner, ����), which serves as an interface
to the Stan language (Gelman et al., ����).

For the benefit of our frequentist readers, we also attempted to fit an equivalent model using
maximum likelihood estimation with the R package lme4 (v�.�-��, Bates et al., ����). Because
the model did not converge, however, we fit a simpler model by dropping the varying slopes.
The results are reported in section Appendix �.

Additional information. Additional information, including studymaterials and data, is available
in the project’s online repository (https://osf.io/mcxqk/).

Results

Preliminary analyses. To investigate subjects’ ability and motivation to solve the matchstick
arithmetic task, we examined accuracy in the training task, number of correct answers on the
comprehension quiz, and number of trials in which the subject terminated the trial before
the time was up but subsequently did not enter any solution. This last measure can serve as
a proxy for low solution-oriented motivation. This is more likely to be the case, however, if
the trial was terminated substantially early as opposed to a second or two before the time is
up. We therefore chose a more conservative criterion according to which the trial had to be
terminated at least �� seconds before the time was up in order to count as early termination.�

Summary statistics on all three measures are available in Table �.�. Most subjects did well on
the Roman numerals training and on the comprehension quiz. For example, ��.�� of subjects
made less than five errors in the �� trials of training and ��.�� of subjects made no more than
one error on the comprehension quiz. For early terminations, however, an interesting pattern
emerged. Subjects in the process accountability condition had more such trials than subjects
in the other three conditions. To investigate this pattern, we fit a modified version of Model
�.� (see page ��), changing the dependent variable (early termination instead of accuracy)
and the priors.� The results suggested that, relative to the other three conditions, process
accountability increased the probability that a trial will be terminated early (the associated
posterior probabilities being �.��/�.��/�.�� for the comparison with the control/outcome
accountability/mixed accountability conditions). We return to this issue in the Discussion.

Two additional analyses served as manipulation checks. First, subjects in the accountability
conditions were directly asked what their bonus depended on (for example, for outcome-
accountable subjects the correct answer would be “number of problems solved correctly”).
Overall, ��.�� of subjects answered correctly. In the main text, we report the results for the
full sample because excluding the �� subjects who answered incorrectly would introduce bias
to our estimates (favoring the accountability conditions relative to the control condition)—but
see section Appendix �.

Second, we compared the conditions with respect to the average effort expended in justifying
one’s approach to the task, as proxied by writing time and word count. Financially, the justi-
fication stage was important for process-accountable subjects (as the entirety of their bonus

�This only decreased the number of early terminations from ��� to ���.
�We used the default priors in brms (v�.�.�, Bürkner, ����).
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depended on the evaluation of their justification), followed by mixed accountability subjects
(for whom it was ���). We would thus expect effort to be highest in the process accountability
condition, followed by the mixed acountability condition, followed by the remaining two
conditions. The results are in line with this prediction for both the number of seconds spent
writing the justification and the number of words written.�

Table �.�: Condition means (standard deviations) for various measures used in Experiment �,
separately for each experimental condition (see section Appendix � for definitions).

Control Process Outcome Mixed

Gender (� female) ��.� ��.� ��.� ��.�
Age (years) ��.� (�.�) ��.� (�.�) ��.� (�.�) ��.� (�.�)
Training ��.� (�.�) ��.� (�.�) ��.� (�.�) ��.� (�.�)
Comprehension quiz �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Manipulation check (� pass) / ��.� ��.� ��.�
Response time (seconds) ��.� (��.�) ��.� (��.�) ��.� (��.�) ��.� (��.�)
Early terminations �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Total score �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Total score, alternative scoring �.� (�.�) �.� (�.�) � (�.�) �.� (�.�)
Anxiety (change) �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Anxiety (before) �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Anxiety (during) �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Process thinking �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Time pressure �.� (�.�) �.� (�.�) � (�.�) �.� (�.�)
Explanation (word count) ��.� (��.�) �� (��.�) ��.� (��.�) ��.� (��.�)
Explanation (seconds) ���.� (���.�) ���.� (���.�) ���.� (���.�) ���.� (���.�)

Note: Columns � - � correspond to the four experimental conditions (control condition with
no accountability, process accountability, outcome accountability, mixed accountability). The
rows correspond to the various measures, namely basic demographics, two pre-matchstick
arithmetic task measures, the manipulation check for the three accountability conditions, four
measures based on the matchstick arithmetic task, five measures based on the post-task
questionnaire, and two measures from the open-ended explanation/justification question
concerning the subject’s approach to the task.

Performance on the matchstick arithmetic task. The following analyses were designed to answer
two main questions. First, is there evidence for meaningful differences in overall performance
among the accountability conditions? Second, are any such differences moderated by problem
type (A, B, C, and D, see Table �.�)? To answer each question, we first examine a simple
graphical display of the data and then assess each conclusion more rigorously by summarizing
the results of Model �.�.

�The postexperimental questionnaire also included an (open-ended) item that inquired about the expected (bonus)
payment. It was included to check if the subjects doubted the (truthful) promise to receive a bonus. The great majority
of subjects expected to receive a non-zero amount. Five subjects entered zero without further explanation and no one
expressed any doubts about receiving the bonus.
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To answer the first question, Figure �.� displays the total score (i.e. the number of correctly
solved problems) for each subject in each condition. Visual inspection of the figure shows
that performance was slightly worse in the process accountability condition relative to the
other three conditions. One way to assess the magnitude of these differences is to estimate the
probability that a randomly selected subject from one condition would outperform a randomly
selected subject from another condition. We obtained these estimates using repeated random
sampling and then used bootstrapping to compute the associated ��� uncertainty intervals.
Zeroing in on the key process versus outcome accountability comparison, the probability that
a randomly selected outcome-accountable subject would have a higher or equal total score
than a randomly selected process-accountable subject equals �.�� (��� uncertainty interval:
[�.��, �.��])�. Moving to our modeling analysis, the results of Model �.� are summarized in
Table �.�, which reports the estimated effects of the three accountability conditions relative
to the control condition. Although the modeling results agree with the impression based on
Figure �.�, they also reveal considerable uncertainty in our estimates. This uncertainty makes
strong conclusions unwarranted. For our key experimental comparison, the model assigns a
probability of �.�� to the hypothesis that process accountability lowers performance relative to
outcome accountability.

Table �.�: Basic results of Model �.� for Experiment �

Prior Posterior

Mean SD P(β < �)
Intercept Normal(�.�, �) �.�� �.��
Process accountability Normal(�, �.�) -�.�� �.�� �.��
Outcome accountability Normal(�, �.�) �.�� �.�� �.��
Mixed accountability Normal(�, �.�) -�.�� �.�� �.��

To answer the second question, Figure �.� reveals the percentage of subjects in each condition
that correctly solved each problem. We observe that the pattern of results over different types
of problems conforms quite well to the theoretical predictions of Knoblich et al. (����). The
difference in performance of process- and outcome-accountable subjects, however, does not
seem obviously moderated by problem type. This conclusion is corroborated by the model-
based analysis. For this analysis, we computed the difference in probability that a typical
subject will solve a given problem if placed in a (a) process accountability condition versus
(b) outcome accountability condition. These differences were then averaged according to
problem type, resulting in a single estimate per problem type. We display the mean estimates
and summarize the associated uncertainty in Figure �.�. For each of the four problem types, the
subject is expected to have a higher chance of correctly solving a given problem if placed in the
outcome accountability condition. The four estimates are similar to each other (ranging from
-�.� to -�.� percentage points) but highly uncertain, precluding any conclusion concerning the
variation of the relative effect of process and outcome accountability over the different types
of matchstick arithmetic problems.

�The probability that the randomly selected outcome-accountable subject will have a strictly higher (as opposed to
higher or equal) total score is �.��, ��� uncertainty interval: [�.�� – �.��].
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Figure �.�: Performance on the matchstick arithmetic task in Experiment �. The figure shows
total scores (number of correctly solved problems, based on the strict scoring rule and using
the full sample) across the four accountability conditions (control, process accountability,
outcome accountability, mixed accountability). Each filled dot represents one subject. The
points connected by the black line represent condition means. (Color version of this figure is
available in the electronic version of this document.)
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Figure �.�: Performance on each problem of the matchstick arithmetic task in Experiment
�. The figure shows the percentage of subjects in each accountability condition (C = control,
PA = process accountability, OA = outcome accountability, MA = mixed accountability) that
correctly solved a given problem. (Color version of this figure is available in the electronic
version of this document.)
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Figure �.�: Predicted difference under process versus outcome accountability in the chance of
solving a problem of a given type. The difference is expressed in percentage points, i.e. the
chance under process accountability minus the chance under outcome accountability. The
dots represent mean estimates, thick lines display ��� uncertainty intervals, thin lines display
��� uncertainty intervals, and the shaded areas summarize the entire posterior distributions.
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Finally, we conducted additional analyses reported in the appendices. First, to assess the extent
to which the results are dependent on specific modeling choices, we ran an extended analysis
by constructing and fitting a series of eight models obtained by crossing two scoring rules
(the original scoring rule versus a more lenient scoring rule, see Scoring in sectionMethods)
with two exclusion rules (full sample versus a reduced sample that excludes accountability
subjects failing the manipulation check, see Preliminary analyses in this section) and with two
estimation methods (our main, Bayesian analysis versus a simplified classical analysis, see Data
analysis in section �.�). The results are reported in section Appendix �. Overall, the variation
in the results across these specifications is not major.

Second, a purely exploratory analysis revealed that although performance was on average
lowest under process accountability among both male and female subjects, these effects were
mostly driven by male subjects. We present and discuss the interactive effects of accountability
and gender jointly for all our experiments in section Appendix �.

Postexperimental questionnaire. Table �.� also reports the condition averages and standard
deviations for all measures included in the postexperimental questionnaire. In general, we do
not find any clear evidence for meaningful differences between the four conditions.

Discussion

The aim of Experiment � was to directly compare the effects of process and outcome account-
ability in an insight problem-solving task. To that end, we randomly assigned subjects to
the control, process accountability, outcome accountability, or mixed acountability condition
and had them solve a series of matchstick arithmetic problems (Knoblich et al., ����). The
results revealed that the average level of performance was lowest in the process accountability
condition and similar in the other three conditions.

The finding that outcome-accountable subjects seemingly outperformed process-accountable
ones stands in contrast to the dominant finding in this literature and could be taken as fur-
ther corroboration of the hypothesis that the more deliberate thinking promoted by process
accountability interferes with the processes that lead to insight (Eskenazi, ����). But there are
reasons to be skeptical of this conclusion. The first reason for skepticism is simply that the
statistical evidence for the superiority of outcome accountability over process accountability
is weak. To check the extent to which our results are dependent on the specific modeling
choices we made, we explored a range of model specifications, in the spirit of a multiverse
analysis (Steegen et al., ����). Although the mean estimate for the effect of process account-
ability was consistently negative across these specifications, the associated uncertainty was
also consistently large. Therefore, none of these analyses would suggest that the evidence for
the superiority of outcome accountability over process accountability is strong. Furthermore,
an exploratory analysis revealed that this effect was mostly driven by male subjects, raising the
hypothesis that the relative effects of process and outcome accountability may be moderated
by gender.

But even if were to accept that the performance advantage of outcome-accountable subjects
over process-accountable ones in this study is not merely noise (in general or for male subjects
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in particular), another exploratory analysis suggested an alternative interpretation of the result.
In particular, we observed that, compared to the other three conditions, process-accountable
subjects were more likely to terminate a trial early and subsequently not provide a candidate
solution. A plausible interpretation of this pattern of behavior is that it indicates decreased
solution-oriented motivation. Although the total number of such early terminations was low
and therefore by itself cannot fully explain the difference in performance, it does suggest that
the latter may not have anything to do with the assumed mechanism. Instead, the behavior of
process-accountable subjects could reflect a reallocation of effort in response to the demand
to justify one’s approach as opposed to one’s results. Put simply, process-accountable subjects
may have tried less hard to find the solution.

Overall, although the current study provided some indication of the potential superiority
of outcome over process accountability in the domain of insight problems (specifically, the
matchstick arithmetic problems), the evidentiary and interpretative issues discussed above
highlight a clear need for additional research.

�.� Experiment �

At first glance, Experiment � yielded evidence that process accountability results in worse
performance on matchstick arithmetic problems than outcome accountability. This finding
could indicate that the type of cognitive processing stimulated by process accountability is
counterproductive for insight problems. But there are several issues with this conclusion and
they motivate our next experiment.

First, the statistical evidence obtained in Experiment � concerning the performance difference
between process and outcome accountability was weak. In addition, an exploratory analysis
indicated that the finding may be moderated by the gender of the subject. We address these
issues by replicating Experiment � while eliminating two experimental conditions in order to
focus on the key comparison between process and outcome accountability.

Second, a closer look at the results of Experiment � suggested that process-accountable subjects
may have simply had less motivation to accurately solve the matchstick arithmetic problems.
We address this issue by modifying the design and by introducing additional measures.

Concerning the former (change in design), all subjects in Experiment � were given a monetary
incentive to accurately solve the problems. This incentive provision can be thought of as a
way to model the fact that, quite apart from accountability concerns, individuals typically
have additional motivations to perform well. To ensure that the effect of the incentive scheme
would not overshadow the effect of accountability, the incentive was weak. In particular,
each correctly solved problem translated into a lottery ticket and the prize pool of the lottery
included ten prizes of ��� each.

Concerning the latter (additional measures), we used the two measures of thinking style
introduced and validated by Novak and Hoffman (����). These are the rational thinking style
scale (relating to processing of Type �) and the experiential thinking style scale (relating to
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processing of Type �). The former was used by de Langhe et al. (����) to provide evidence of
increased Type � processing under process accountability (relative to outcome accountability).

If Experiment � replicated a performance disadvantage of process-accountable subjects (of
both genders) on the (most difficult problems of the) matchstick arithmetic task and if this
result was mediated by higher Type � processing (as captured by the rational thinking style
scale), the results would provide clear support for the theoretical account sketched out in the
Introduction. Other experimental results (for example, no meaningful difference between the
two accountability conditions) would increase the plausibility of alternative explanations of
the results of Experiment �.

Methods

Subjects. A total of ��� business students (enrolled in an undergraduate Management Account-
ing course) participated in the study. We excluded �� of them because they either took part
in a previous study using matchstick arithmeic problems (n = �), failed the comprehension
quiz (see Procedure and materials, n = �), or failed to learn to interact with the study interface
and consequently solved zero problems correctly (n = �). The average age of the remaining ��
subjects was ��.� years (SD = �.�); �� subjects were female and �� subjects were male. A single
session (which included an unrelated study that took part after this experiment) lasted about
one hour and subjects were compensated for their time with course credit and a possibility to
win an additional monetary prize (see Procedure and materials). Data collection took place in
February ���� (in total, ��� slots were made available).

Experimental design. Subjects were randomly assigned to either a process accountability (n =
��) or outcome accountability (n = ��) conditon.

Experimental manipulations. The accountability manipulations took place right before the
main task. Subjects in the process accountability condition were informed that they were going
to be asked to explain and justify their problem-solving approach after the problem-solving
task. In contrast, subjects in the outcome accountability condition were informed that they
were going to be asked to think about and evaluate their problem-solving performance. All
subjects were informed that their answers (and, in the case of outcome accountability, their
actual performance as well) were going to be displayed on the screen and reviewed by the
researcher. They were also informed that the researcher was going to give them feedback and
potentially ask additional questions.

Procedure and materials. The procedure was similar to that of Experiment �, with a few changes
introduced in order to improve the study and shorten its duration. After being welcomed
and directed to individual cubicles, subjects reviewed the informed consent statement and
began with the study. From this point onward, the procedure was fully computerized. Subjects
first indicated their gender and birthyear and completed the �-item measure of state anxiety
(Marteau and Bekker, ����). Next, they read the instructions, which also informed the subjects
that a lottery would be conducted after the study and that �� subjects would win a prize of ���
each. The subjects were told, truthfully, that each correctly solved matchstick problem earns
them one lottery ticket. The instructions concluded with a ��-item comprehension quiz. In
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contrast to Experiment �, each incorrectly answered question was returned to the end of the
question queue and subjects needed to answer all questions correctly before proceeding. To
prevent subjects from being stuck at this stage, the comprehension quiz ended if more than
�� errors were committed and the subject was later excluded from the study (this happened
in one case, see Subjects). An additional change from Experiment � was that no training
of Roman numerals took place. The training was deemed unneccessary because subjects
were instead given a paper version of the instructions which, in addition to the main rules,
listed Roman numerals from � to �� and their Arabic counterparts. After the quiz, subjects
completed the practice, read the manipulation text, and started the matchstick arithmetic task.
We implemented two minor changes to the main task. First, the upper left corner featured
a trial indicator (e.g. Round: � of ��). Second, after a trial was completed, subjects pressed
a key to proceed to next trial (whereas in Experiment � the new trial began automatically).
In every other way, the task was the same as in Experiment �. After the main task, subjects
again completed the measure of state anxiety (same as at the start, but this time the items
were referring to how they felt while they were solving the problems) and the two scales
(rational, experiential) of the thinking style questionnaire (Novak and Hoffman, ����). A
six-point response scale was used for these questions. Next, subjects were asked to describe
their problem-solving approach and to predict how well they performed. Afterwards, the
researcher reviewed the justification (performance) of process (outcome) accountable subjects,
as specified in the manipulation text. Finally, subjects completed the second part of the session
which was not related to this experiment.

Scoring. First, the submitted answers were automatically scored as correct or incorrect on the
basis of (i) whether the correct matchstick was selected, (ii) whether its final position (x and y
coordinates) was appropriate, and (iii) whether its orientation was appropriate. Only answers
that fulfilled all three criteria were accepted as correct. To ensure that the scoring worked well,
two additional steps were taken. First, the scoring rule was tested against old data which were
scored by a human judge. Second, any solution that fulfilled all but one of the criteria was
inspected. There were �� such cases and in �� cases, the answer was reclassified as correct on
the basis of the inspection.

Data analysis. We used essentially the same approach as in Experiment � for our main analysis.
That is, we adapted Model �.� to reflect the fact that Experiment � only had two experimental
conditions. The model used in Experiment � thus had a single dummy variable, with a value
of � for outcome-accountable subjects and a value of � for process-accountable subjects. As
in Experiment �, we also attempted to fit the corresponding classical (maximum likelihood)
model for our frequentist readers. Because the model did not converge, we fit a simpler model
by dropping the varying slopes. Section Appendix � reports these extended results.

Additional information. Additional information, including studymaterials and data, is available
in the project’s online repository (https://osf.io/93gxw/).

Results

Preliminary checks. We checked performance on the comprehension quiz and the number
of early terminations. Statistics of both measures are available in Table �.�. Similarly to
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Experiment �, ��.�� of the subjects made no more than one error on the comprehension
quiz. For early terminations (defined as in Experiment �), the average was smaller than in
Experiment �. Most importantly, the (positive) difference in the number of early terminations
between the process accountability and outcome accountability conditions that we observed in
Experiment � vanished in Experiment �. In fact, the average was slightly (but not meaningfully)
larger in the outcome accountability condition. For Experiment � we therefore do not find any
evidence that subjects in the process accountability condition had lower solution-oriented
motivation than subjects in the outcome accountability condition. Finally, we used the word
count and response time of the explain-your-approach question as a manipulation check for
process accountability. As in Experiment �, process-accountable subjects on average expended
more effort (at least as captured by these measures) on this question, suggesting that the
manipulation was effective despite the fact that, unlike in Experiment �, we did not tie the
monetary bonus amount of process-accountable subjects to the quality of their explanations.

Table �.�: Condition means (standard deviations) for various measures used in Experiment �,
separately for each experimental condition (see section Appendix � for definitions).

Process Outcome

Gender (� female) ��.� ��.�
Age (years) ��.� (�.�) ��.� (�.�)
Comprehension quiz (errors) �.� (�) �.� (�.�)
Response time (seconds) ��.� (��.�) ��.� (��.�)
Early terminations �.� (�.�) �.� (�)
Total score �.� (�.�) �.� (�.�)
Anxiety (change) �.� (�) �.� (�.�)
Anxiety (before) �.� (�.�) �.� (�.�)
Anxiety (during) �.� (�.�) �.� (�.�)
Rational thinking �.� (�.�) �.� (�.�)
Experiential thinking �.� (�.�) �.� (�.�)
Rat. vs. exp. thinking �.� (�.�) �.� (�.�)
Explanation (word count) �� (��.�) ��.� (��.�)
Explanation (seconds) ���.� (���.�) ���.� (��.�)
Prediction (absolute) �.� (�.�) �.� (�.�)
Prediction (relative) �� (��.�) ��.� (��.�)
Optimism -�.� (�.�) -�.� (�.�)

Note: Columns � and � correspond to the two experimental conditions (process accountability,
outcome accountability). The rows correspond to the various measures. A few clarifications:
(i) the measures Response time (seconds), Early terminations, and Total score are based on the
matchstick arithmetic task (Response time (seconds) is based on the average number of
seconds a subject used to think about a given matchstick arithmetic problem), (ii) three
measures are based on other measures, namely Anxiety (change) (difference between the two
anxiety scores), Rat. vs. exp. thinking (difference between rational and experiential thinking),
and Optimism (difference between predicted and actual total score).
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Figure �.�: Performance on the matchstick arithmetic task in Experiment �. The figure
shows total scores across the two accountability conditions (process accountability, outcome
accountability). Each filled dot represents one subject. The points connected by the black line
represent condition means. (Color version of this figure is available in the electronic version
of this document.)

Performance on the matchstick arithmetic task. To analyze the data from the matchstick
arithmetic task we used essentially the same approach as in Experiment �. Figure �.� shows the
total scores across the two accountability conditions. The figure reveals that Experiment � does
not replicate the poorer performance of process-accountable subjects observed in Experiment
�. In fact, the average performance is higher in the process accountability condition and the
probability that a randomly selected outcome accountable subject would have a higher or equal
total score compared to a randomly selected process accountable subject is less than �.�� (�.��,
bootstrapped ��� uncertainty interval: [�.��, �.��])�. The associated modeling results are
reported in Table �.�. According to the model, the probability that process accountability
reduces performance compared to outcome accountability is only �.��. According to this
analysis, the data are therefore consistent with a clear positive effect of process accountability
as well as with an absence of a meaningful effect, but they are not consistent with a meaningful
negative effect of process accountability.

Next, we checked if the difference in performance between the two accountability conditions
�The probability that the randomly selected outcome-accountable subject would have a strictly higher (as opposed

to higher or equal) total score is �.��, ��� uncertainty interval: [�.�� – �.��].
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Table �.�: Basic results of (slightly modified) Model �.� for Experiment �

Prior Posterior

Mean SD P(β < �)
Intercept Normal(�.�, �) �.�� �.��
Process accountability Normal(�, �.�) �.�� �.�� �.��

is moderated by problem type. Figure �.� displays the percentage of subjects in each condition
correctly solving a given problem, and Figure �.� shows the model-based prediction for each
problem type (see section Results in Experiment � for an explanation of how these predictions
were derived). On average, process-accountable subjects outperformed outcome-accountable
subjects across the board, although the difference is essentially nil on the most difficult and
most relevant problems (of type C). But, as in Experiment �, the associated uncertainty is too
large to admit any clear conclusion concerning moderation.

Finally, we checked for a possible interaction between accountability type and gender, following
up on the results of an exploratory analysis in Experiment �. Interestingly, the difference in
performance between the two conditions in the current experiment was again driven by male
subjects. But note that this means that the overall pattern of results was in fact just the opposite
of that observed in Experiment �: whereas male subjects in Experiment � performed better
under outcome accountability than under process accountability, they performed better under
process accountability than under outcome accountability in the current experiment. This
and other observations make us skeptical of reading too much into these results. We present
and discuss gender moderation effects jointly for all our experiments in section Appendix
� and also briefly address this issue in the General discussion. Importantly, other results of
Experiment � are not meaningfully moderated by gender.

Thinking style. We computed twomeasures by averaging over the relevant items of the thinking
style questionnaire: one corresponding to the rational thinking style scale and one correspond-
ing to the experiential thinking style scale (Novak and Hoffman, ����). We then sought to
answer three main questions. First, do process-accountable subjects differ from outcome-
accountable ones in their thinking style? Second, does thinking style correlate with perfor-
mance on the matchstick arithmetic task? And finally, do differences in thinking style between
the accountability conditions (assuming they exist) mediate the difference in performance?

Tentative answers to these questions are provided by Figure �.�. First, in contrast to expectations
and the results of de Langhe et al. (����), the average score on the rational thinking style
questionnaire is higher under outcome accountability. Indeed, the probability that a randomly
selected outcome-accountable subject would have a higher or equal score on this measure
compared to a randomly selected process-accountable subject is �.�� (bootstrapped ���
uncertainty interval: [�.��, �.��])�. (In both conditions, however, the scores for the rational
thinking style are on average higher than the scores for the experiential thinking style.) Second,
if anything, rational thinking style appears to positively predict performance on the matchstick

�The probability that the randomly selected outcome-accountable subject would have a strictly higher (as opposed
to higher or equal) score on this measure is �.��, ��� uncertainty interval: [�.��, �.��].
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Figure �.�: Performance on each problem of the matchstick arithmetic task in Experiment �.
The figure shows the percentage of subjects in each accountability condition (PA = process
accountability, OA = outcome accountability) that correctly solved a given problem. (Color
version of this figure is available in the electronic version of this document.)
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Figure �.�: Predicted difference under process versus outcome accountability in the chance of
solving a problem of a given type. The difference is expressed in percentage points, i.e. the
chance under process accountability minus the chance under outcome accountability. The
dots represent mean estimates, thick lines display ��� uncertainty intervals, thin lines display
��� uncertainty intervals, and the shaded areas summarize the entire posterior distributions.
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arithmetic task, although the correlation is not high (Pearson’s r = �.��, classical ��� uncertainty
interval: [�.��, �.��]; the correlation for the experiential thinking style is r = -�.��, ��� UI:
[-�.��, �.��]). These correlations are based on the total score of the matchstick arithmetic task,
but amore fine-grained analysis does not show them to be driven solely by easier problems. For
example, although it’s true that the correlation between rational thinking style and performance
is lower for problems of type D, the correlation for the most difficult problems (type C) is
almost exactly the same as for the easiest problems (types A and B). And finally, the answer to
our third question is that differences in thinking style clearly do not mediate the difference in
performance on the matchstick arithmetic task between the accountability conditions, because
outcome-accountable subjects score higher on rational thinking but perform worse on average.
We return to this perplexing pattern of results in the Discussion.

Postexperimental questionnaire. Table �.� reports a few other measures based on the postex-
perimental questionnaire. In general, the results are similar for the process- and outcome
accountability conditions. Most importantly, self-reported anxiety reliably increased during
the task compared to the start of the session, and the average increase was similar for process
and outcome-accountable subjects.

Discussion

The aim of Experiment � was to follow-up on the results of Experiment �, in which we found
some evidence that process accountability had a negative effect on performance on the match-
stick arithmetic task compared to other experimental conditions, most importantly the out-
come accountability condition. Apart from the uncertainty concerning the replicability (as
well as possible gender-specificity) of this effect, the major motivation for the follow-up was
the existence of two alternative accounts of this result. On one account, the lower performance
of process-accountable subjects corroborates the hypothesis sketched out in the Introduction,
which says that process accountability facilitates a shift towards more deliberate cognitive
processing of Type � and that this shift interferes with processes that lead to insight (Wiley and
Jarosz, ����; Eskenazi, ����). On the other account (supported by the results of an exploratory
analysis), the key result of Experiment � was due to lower accuracy motivation on the part
of process accounable subjects. To dissociate these two accounts, we modified the design of
Experiment � in a way that ensured that subjects in all conditions had some motivation for
accurately solving the problems, and also introduced additional measures of situation-specific
thinking style (Novak and Hoffman, ����).

Of these two accounts, the results of Experiment � clearly support the second one. The
data we obtained in Experiment � are inconsistent with any meaningful negative effect of
process accountability (relative to outcome accountability) on performance on the matchstick
arithmetic task. In fact, performance was on average slightly better in the process accountability
condition, although this result was driven by male subjects in particular. A further reason
to be skeptical of the results of Experiment � is provided by the results of a supplementary
experiment we conducted. In that experiment, we compared process accountability (n = ���)
with a no accountability/control condition (n = ���) using the same matchstick arithmetic task
as in Experiments � and �. We found evidence for a positive effect of process accountability
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(a) Rational thinking style and performance on the matchstick arithmetic task.
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(b) Experiential thinking style and performance on the matchstick arithmetic task.

Figure �.�: Relationship between thinking styles and performance on thematchstick arithmetic
task. The circles (shaded areas) at the top display the average (density) of the variable on the
x-axis, the grey best-fit lines are based on simple ordinary least squares models, and the light
grey shaded areas represent the associated ��� uncertainty intervals. (Color version of this
figure is available in the electronic version of this document.)

��



on performance (β̂ = �.��, ��� uncertainty interval: [�.��, �.��], P(β < �) = �.��), which
is consistent with the results of Experiment � but not with those of Experiment � (where
process-accountable subjects performed worse than those in the no accountability/control
condition).�

A clue as to why the prediction of poorer matchstick arithmetic task performance under
process (relative to outcome) accountability did not pan out comes from the supplemental data
provided by the two scales of the situation-specific thinking style questionnaire (Novak and
Hoffman, ����). These data suggest that a “rational” thinking style (measured using items such
as “I tackled this task systematically” and “I was very focused on the steps involved in doing this
task”) positively predicts performance on the matchstick arithmetic task. This was true even
for the most difficult problems— and these are of most interest because they are the ones most
likely to require restructuring and insight. In contrast, the correlation for the “experiential”
thinking style (measured using items such as “I relied on my sense of intuition” and “I had
flashes of insight”) had a weaker (and negative) correlation with performance. Together, these
results contradict the assumption that (the most difficult) matchstick arithmetic problems are
best tackled using a different, less deliberate approach. We return to this issue in the General
discussion.

The analysis of the data from the rational thinking style questionnaire revealed another surprise:
the average score was clearly higher in the outcome accountability condition. This finding
conflicts directly with that of de Langhe et al. (����) and indirectly with other studies (and
current thinking) in the literature on process and outcome accountability. Together with the
results mentioned above, this result also completes a curious pattern: rational thinking style
positively predicted performance on the matchstick arithmetic task, but outcome-accountable
subjects scored higher on this measure and lower on the matchstick arithmetic task. In fact, if
we statistically adjust for rational thinking style (analysis not reported), the estimated effect of
process accountability nearly doubles and the probability that it is positive increases to about
�.��. It is not entirely clear whether these results should be dismissed merely as noise or hint
at some interesting underlying phenomenon. We return to this issue in the General discussion
as well.

�.� Experiment �

In Experiment �, we investigate the relative effects of process and outcome accountability on
insight problem solving using a different task, namely the remote associates task (Mednick,
����). In contrast to matchstick arithmetic problems, remote associate problems are verbal.
Subjects are given a set of three initial words and instructed to find a fourth word that is
associated with each of the three initial words. For example, often the fourth word forms
a compound word or phrase when combined with a given initial word. This task tends to
be difficult because of how the problems are constructed. The three initial words are always
chosen so that the solution word is their remote, as opposed to close, associate (see Table �.�).

�In this suppplementary experiment, performance was better under process accountability among both male and
female subjects. If anything, the pattern was stronger among female subjects—see section Appendix �.
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Thus, the initial associations that subjects generate tend to be associated with only one or
two of the three initial words and therefore do not qualify as a solution. Just like matchstick
arithmetic problems, remote associate problems are among the most commonly used model
problems in the literature on insight (Chu and MacGregor, ����).

Eskenazi (����) recently reported that subjects under process accountability perform worse on
the remote associates task compared to subjects under a no accountability/control condition.
In his studies, all subjects had a small monetary incentive to accurately solve the problems.
Because of this design feature, the closest comparison for the studies of Eskenazi (����) is our
supplementary experiment, summarized in theDiscussion section of Experiment � (rather than
Experiment �). In this supplementary experiment, we found evidence that, if anything, process
accountability seems to improve performance on the matchstick arithmetic task relative to a
no accountability/control condition. Together, these results hint at a potentially interesting
dissociation between the matchstick arithmetic task and the remote associates task. This
dissociation is also of interest to the insight literature because both of these kinds of problems
are frequently used in the investigations of insight.

The main aim of Experiment � is to provide the first direct comparison of the effects of process
and outcome accountability on the ability to solve remote associates problems. This comparison
provides another test of the hypothesis put forward in the Introduction. In addition, it helps us
understand whether the presumed negative effect of process accountability on performance on
this task is due to the specific demands of process accountability or a more general consequence
of the social-evaluative threat that is also present in other forms of accountability. The second
aim of Experiment � is to independently replicate the key finding of Eskenazi (����, Chapter �),
namely worse performance under process accountability compared to no accountability. This
seems like a crucial next step in this line of investigation, given that an important lesson of our
earlier experiments is that accountability effects in this domain may be highly variable and
sensitive to context. In addition, we earlier conducted a preliminary study in which we used a
subtype of remote associate problems called compound remote associates problems. The results
from this study yielded no evidence for a negative effect of process accountability (compared
to a no accountability condition; outcome accountability was not included) and were in fact
more consistent with a positive effect of process accountability. The study included only ��
subjects per condition, however, and differed in some other aspects from those of Eskenazi
(����). In contrast, Experiment � features over ��� subjects per condition and is essentially a
close replication of Experiments � and � in Eskenazi (����, Chapter �).

Methods

Subjects. A total of ��� business students (��� female, ���male) participated in the study. Their
average age was ��.� years (SD = �.�). Participation in the study took about ��minutes and
subjects were compensated with course credit for their time. Data collection took place in
January ���� (in total, ��� slots were made available).

Experimental design. Subjects were randomly assigned to either a no accountability (n = ���),
process accountability (n = ���), or outcome accountability (n = ���) condition.
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Experimental manipulations. The accountability manipulations took place just before the start
of the main task. All subjects were informed that people solve the [remote associates] task in
different ways and that they should think about what their approach will be before starting.
Subjects in the process accountability condition were additionally informed that they were
going to be asked to explain and justify their approach after the task and that the researcher
was going to review the explanation and might ask additional questions about it. In contrast,
subjects in the outcome accountability condition were informed that their score (number of
correct solutions) was going ot be computed and that the researcher was going to review their
performance at the end and provide them with feedback about their level of performance.

Procedure and materials. The subjects were welcomed and directed to individual cubicles
where they read the informed consent statement and began with the study. As in Experiments
� and �, the procedure was fully computerized. Subjects read the instructions for the remote
associates task and completed three practice problems (with feedback). As in Experiment �,
they were provided with an incentive for correctly solving the problems. Specifically, each
correct solution translated into a lottery ticket. The lottery was conducted after the data
were collected and contained ten ��� prizes. Following the manipulation text, subjects began
with the study. We used �� remote associate problems previously used by Eskenazi (����) in
Experiments � and � (Chapter �). The problems are reproduced in Table �.�. Subjects had ��
seconds to find the solution and �� seconds to type it in. No feedback was provided at this
stage. Following the task, subjects rated to what extent their approach to the task was intuitive
or systematic. To save time, a single item was formulated for this purpose. Its text described
the two modes of problem solving and asked the subject to use a visual analogue scale to
place their own approach on the continuum between these two modes. Afterwards, subjects
were asked to describe their problem-solving approach. Finally, they completed a short test of
English vocabulary — LexTALE (Lemhöfer and Broersma, ����) — before indicating their
age and gender and answering several questions about their overall experience of the study
(unrelated to the aims of this study). At the end, the experimenter reviewed the justification
(performance) of process- (outcome-) accountable subjects, as specified in the manipulation
text.

Scoring. Subjects’ solutions were automatically scored as correct if they matched the prespeci-
fied solution noted in Table �.�. In addition, all incorrect answers were manually reviewed.
We found ��� (�.��) answers which would have been correct if not for a spelling mistake or
being in a plural form. Following Eskenazi (����), we scored these answers as correct as well.

Data analysis. We used essentially the same approach as in Experiment � for our main analysis,
with three adjustments to the model. First, we adjusted the prior for the grand intercept to
take into account prior knowledge about the higher difficulty of this set of remote associates
problems compared to the matchstick arithmetic problems used in Experiments � and �. The
new prior is Normal(-�, �) and corresponds to an expectation that for a typical subject facing a
typical problem (and placed in the control condition), the probability of a correct answer would
equal �.��. Given that the subjects in the control conditions of Experiments � and � of Eskenazi
(����) (Chapter �) correctly solved on average about ��� of problems, this seems appropriate.
Moreover, the prior is only weakly informative, as the ��� uncertainty interval spans from �.��
to �.�� on the probability scale. Second, we included as predictors the standardized LexTALE
score as well as its two interactions with the dummy indicators for process and outcome
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Table �.�: The remote associates problems used in Experiment �

ID Problem Solution

� broken, clear, eye glass
� coin, quick, spoon silver
� gold, stool, tender bar
� manners, round, tennis table
� playing, credit, report card
� rabbit, cloud, house white
� room, blood, salts bath
� salt, deep, foam sea
� chamber, staff, box music
�� lick, sprinkle, mines salt
�� pure, blue, fall water
�� surprise, wrap, care gift
�� barrel, root, belly beer
�� strap, pocket, time watch
�� walker, main, sweeper street
�� chocolate, fortune, tin cookie
�� big, leaf, shade tree
�� board, magic, death black
�� lapse, vivid, elephant memory
�� rock, times, steel hard
�� thread, pine, pain needle
�� foot, collection, out stamp
�� magic, plush, floor carpet
�� shopping, washer, picture window
�� stick, light, birthday candle

From: Eskenazi (����).
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accountability. Finally, Experiment � did not feature a mixed accountability conditions, so the
corresponding dummy variable was dropped. As in Experiment � and Experiment �, we also
attempted to fit the corresponding classical (maximum likelihood) model for our frequentist
readers. Again the model did not converge, so we fit a simpler model by dropping the varying
slopes. Section Appendix � reports these extended results.

Additional information. Additional information, including studymaterials and data, is available
in the project’s online repository (https://osf.io/v8zwu/).

Results

Preliminary checks. Table �.� reproduces the means and standard deviations of all measures,
separately for each experimental condition. Three remarks are in order. First, we used the
score on the LexTALE test as a measure of English proficiency. Because the majority of the
subjects in this experiment were not native English speakers and because performance on the
remote associates task critically depends on one’s vocabulary, it is important to include such a
measure. Indeed, we observe a clear positive correlation between the score on the LexTALE
test and the number of correctly solved problems (Pearson’s r = �.��, classical ��� uncertainty
interval: [�.��, �.��]). Based on the gudelines presented by Lemhöfer and Broersma (����),
��.�� of subjects were classified as B� level (upper intermediate) users of English, with the
rest classified as level B� or lower. This classification is based on the LexTALE cut-off score
of ��. Second, the number of early terminations (defined as in Experiments � and �) is low
and does not differ meaningfully between conditions. Therefore, similar to Experiment �
but unlike Experiment �, we do not find any evidence that process-accountable subjects had
lower solution-oriented motivation. Finally, we compared the conditions with respect to
the average effort expended in explaining one’s approach to the task, as proxied by writing
time and word count. Recall that the explanation was anticipated (and later reviewed by the
researcher) for subjects in the process accountability condition but unanticipated for subjects
in the other two conditions. As in Experiments � and �, we observe that the means of both
variables are highest under process accountability. In this experiment, however, the differences
among conditions are substantially weaker and consistent with chance variation. What could
explain this difference? Vis-à-vis Experiment �, the quality of the explanation had no financial
consequences for process-accountable subjects in this experiment. And vis-à-vis Experiment
�, process-accountable subjects in this experiment were not explicitly informed right before
answering the question that they were about to answer the question that was going to be
reviewed by the researcher. These methodological differences provide a plausible explanation
of the results concerning the explanation word count and response time.

Performance on the remote associates task. Figure �.� displays the total scores of subjects in
all three experimental conditions. Because of the importance of one’s vocabulary for this
task, we show the results separately for subjects whose English proficiency is high (level B�;
left) and those whose English proficiency is low (level B� or lower; right). Indeed, the results
do seem to be moderated by English proficiency. Looking at the high-proficiency group in
particular, the figure suggests that outcome accountability had a positive effect on performance
compared to process accountability, with the subjects in the control condition somewhere in
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Table �.�: Condition means (standard deviations) for various measures used in Experiment �,
separately for each experimental condition (see section Appendix � for definitions).

Control Process Outcome

Gender (� female) ��.� ��.� ��.�
Age (years) ��.� (�.�) ��.� (�.�) ��.� (�.�)
LexTALE ��.� (�.�) ��.� (�.�) �� (�.�)
Total correct (RAT) �.� (�.�) �.� (�.�) � (�.�)
Response time (RAT) ��.� (�) ��.� (�.�) �� (�.�)
Early terminations (RAT) �.� (�.�) �.� (�) �.� (�)
problem-solving approach ��.� (��.�) ��.� (��.�) ��.� (��)
Explanation (word count) ��.� (��.�) ��.� (��.�) ��.� (��.�)
Explanation (seconds) ���.� (��.�) ���.� (��.�) ��� (��.�)

Note: Columns � - � correspond to the three experimental conditions (control condition with
no accountability, process accountability, outcome accountability). The rows correspond to
the various measures, namely basic demographics, score on the LexTALE test, three measures
based on the remote associates task, subjects’ self-reported assessment of their
problem-solving approach (where lower values correspond to a more intuitive approach and
higher values correspond to a more deliberate, analytical approach), and two measures from
the open-ended explanation question concerning the subject’s approach to the task.

between. Still focusing on the high-proficiency group, we computed the probability that a
randomly selected outcome-accountable subject would have a higher or equal total score than
a randomly selected process-accountable subject to be �.�� (bootstrapped ��� uncertainty
interval: [�.��,�.��])�. The results are almost reversed if we examine the low-proficiency group.
Among these subjects, a randomly selected process accountable subject would have a higher or
equal total score than a randomly selected outcome-accountable subject with a probability
�.�� (��� UI: [�.��, �.��])��.

To investigate these findings more rigorously, we used a version of Model �.� (see Data analysis
in section �.�). The basic results are summarized in Table �.�. Focusing on the comparison
between process and outcome accountability, the model assigns a probability of �.�� to the
hypothesis that outcome accountability results in higher average performance than process
accountability. This probability rises to �.�� if we focus the prediction on a subject scoring
half a standard deviation above the sample mean on the English proficiency test. Going in the
other direction, the probability decreases to �.�� for a subject scoring half a standard deviation
below the sample mean, and to �.�� for a subject scoring a full standard deviation below the
mean. Overall, based on the assumption that the subjects with high English proficiency are
the more relevant subgroup (as these are closer to native speakers), this analysis provides some
support for the claim that outcome accountability is superior to process accountability when it

�The probability that a randomly selected outcome-accountable subject would have a strictly higher (as opposed
to higher or equal) total score is �.��, ��� uncertainty interval: [�.��, �.��].

��The probability that a randomly selected process-accountable subject would have a strictly higher (as opposed to
higher or equal) total score is �.��, ��� uncertainty interval: [�.�� – �.��].
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Figure �.�: Performance on the remote associates task in Experiment �. The figure shows
total scores (number of correctly solved problems) across the three accountability conditions
(control, process accountability, outcome accountability), separately for subjects with high
(LexTALE score ≥ ��; left) and low (LexTALE score < ��; right) English proficiency. Each
filled dot represents one subject. The points connected by the black line represent condition
means. (Color version of this figure is available in the electronic version of this document.)

��



comes to performance on the remote associates task.

Table �.�: Basic results of modified Model �.� for Experiment �

Prior Posterior

Mean SD P(β < �)
Intercept Normal(-�, �) -�.�� �.��
LexTALE Normal(�, �.�) �.�� �.�� �.��
Process accountability Normal(�, �.�) -�.�� �.�� �.��
LexTALE × P. A. Normal(�, �.�) -�.�� �.�� �.��
Outcome accountability Normal(�, �.�) �.�� �.�� �.��
LexTALE × O. A. Normal(�, �.�) �.�� �.�� �.��

Finally, as in Experiments � and �, we checked for a possible moderating effect of gender.
Fuller results are presented and discussed in section Appendix �, but among the most relevant
subgroup (subjects high in English proficiency), outcome-accountable subjects outperformed
process-accountable ones among both genders.

Problem-solving approach. Figure �.� displays subjects’ self-assessed problem-solving approach
to the remote associates task, separately for subjects whose English proficiency is high (level
B�; left) and those whose English proficiency is low (level B� or lower; right). Lower values
indicate a more passive, intuitive problem-solving approach whereas higher values indicate a
more active and deliberate approach. Overall, the results show that the majority of subjects
(���) reported an approach that was more intuitive than deliberate (in contrast to the results
for the matchstick arithmetic task). Comparing the scores across the three experimental con-
ditions, the differences are minor. Thus, we do not find any evidence that process-accountable
individuals would tend towards a more deliberate problem-solving approach compared to
those in either the outcome accountability condition or the control condition. That is true
even if we restrict the analysis to highly proficient English users. In fact, the change goes
in the other direction. Among subjects with low English proficiency, a randomly selected
outcome-accountable subject has the probability of �.�� (bootstrapped ��� uncertainty in-
terval: [�.��, �.��]) of reporting a more or equally deliberate problem-solving approach than
a random process-accountable subject. Among subjects with high English proficiency, the
equivalent probability is �.�� (��� UI: [�.��, �.��]). Finally, we checked if problem-solving
approach correlates with performance on the remote associates task. We find the correlation
to be positive but low (Pearson’s r = �.��, classical ��� UI: [-�.��, �.��]). This correlation is
essentially the same for both English proficiency subgroups and there is also no interesting
variation among the different remote associate problems. Thus, we do not find any evidence
that a more deliberate approach is associated with worse performance on the remote associates
task.
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Figure �.�: Self-reported problem-solving approach in Experiment �. A score of � corresponds
to a self-reported extremely intuitive approach to the remote associates task whereas a score
of ��� corresponds to a self-reported extremely deliberate approach. Shown separately for
subjects with high (LexTALE score ≥ ��; left) and low (LexTALE score < ��; right) English
proficiency. Each filled dot represents one subject, the black line connects condition averages,
and the grey outline tracks the density of the distribution. (Color version of this figure is
available in the electronic version of this document.)

Discussion

In Experiment �, we investigated the effects of process and outcome accountability on insight
problem solving using the remote associates task. Prior research on insight problem solving
suggested that process accountability would facilitate a more deliberate problem-solving ap-
proach that would prove detrimental to performance (Eskenazi, ����). To investigate this
idea, we randomly assigned subjects to a process accountability, outcome accountability, or
no accountability (control) condition and had them complete �� remote associates problems
before asking them to self-assess their problem-solving approach.

We begin our summary of the results by focusing on the comparison between the process
accountability and no accountability (control) condition. This comparison essentially provides
a close replication of Experiments � and � in Eskenazi (����, Chapter �), as we have deliberately
used the same problem set. In those experiments, Eskenazi (����) observed a clear main effect
of process accountability, with subjects in the control condition outperforming those in the
process accountability condition. In contrast, the estimated effect of process accountability
in the current experiment was essentially zero, providing further evidence of the variability
of accountability effects in the domain of insight problem solving. At the same time, our
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results do provide some evidence of an interaction, suggesting that process accountability did
have a negative effect for more advanced English users. Because Eskenazi (����) did not use
LexTALE or a similar measure of English proficiency, we cannot make a direct comparison
of the samples on this basis. It is possible, however, that his subjects were on average more
proficient English speakers. One observation that is consistent with this conjecture is the fact
that the average score of control subjects on the remote associates task was somewhat higher
in the experiments of Eskenazi (����) than in the current experiment (�.�� and �.�� versus
�.��). Assuming that this conjecture is true, it brings our results closer together with those
of Eskenazi (����). It should be noted, however, that the preliminary experiment mentioned
at the beginning of this section featured proficient English users (about ��� had a score of
�� or more on the LexTALE test) and yielded no evidence for a negative effect of process
accountability. In fact, applying the same model as above resulted in the estimated posterior
probability of about �.�� to the hypothesis that the population effect of process accountability
is positive.

Moving to the comparison between process and outcome accountability, we should first note
that the results appeared to be moderated by English proficiency. In our view, however, the
more relevant results are those of highly proficient English users. Among these subjects,
we found evidence that outcome accountability facilitated better performance than process
accountability. This result, if shown to be reliable, would provide an interesting contrast
to the existing literature on process and outcome accountability, which has emphasized the
superiority of process accountability.

What explains the better performance of outcome-accountable subjects compared to process-
accountable ones? This question brings us to the second major dependent variable in the
current study, namely the problem-solving approach used by the subjects. We used a simple
self-reportmeasure to test the idea that process accountability would facilitate amore deliberate,
systematic approach that would prove maladaptive in the remote associates task. The results,
however, do not provide any support for this idea. The correlation between a deliberate
problem-solving approach was low and positive and process-accountable subjects did not
report stronger reliance on a more active, deliberate problem-solving approach than subjects
in the other two conditions. These results can of course be questioned on the grounds that the
measure we have used was not properly validated, unlike the measures used in Experiment
�. Even if the validity of this measure is poor, however, the results are still interesting in light
of the conjecture that process-accountable individuals not only rely on a more deliberate
approach but also that they do so because it appears to be more justifiable (Eskenazi, ����).
To the extent that this is the case, we might still expect them to report a highly deliberate
problem-solving approach, even if we question the idea that this report accurately tracks their
actual problem-solving approach.

A clear limitation of the current experiment is that our sample consisted mostly of non-native
speakers of English, although it should be noted that these are students who on average possess
a solid command of English, as evidenced by their LexTALE scores and the fact that they are
attending academic courses conducted in English. Still, extending our research by testing
native speakers is a basic next step of this research program. Additional research is also needed
because the statistical evidence for our conclusions is limited. In light of these observations, it
would be inappropriate to make strong claims on the basis of the current experiment.
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�.� General discussion

Human progress depends on our ability to solve important problems in science, technology,
business, governance, and art. Social science is in the position to contribute to this project
directly but also on a meta-level, by investigating how we can facilitate successful problem
solving among individuals and groups. Given that a lot of problem solving occurs in organiza-
tions and given the common need for accountability in organizational life, an important goal
is to design accountability systems that promote the occurrence of fruitful insights that solve
challenging problems. This overarching goal motivated the research reported in this chapter.

More specifically, we investigated the relative effects of process and outcome accountability in
the domain of insight problem solving. Although previous academic research highlights the
relative advantages of process accountability, the “special-process” theoretical view of insight
and the results of Eskenazi (����) suggest that in this domain, outcome accountability may in
fact facilitate better performance than process accountability. The argument is that process
accountability facilitates a problem-solving approach that is more reliant on the controlled, de-
liberate cognitive processing of Type � and that this approach interferes with implicit cognitive
processing that would otherwise lead to restructuring and insight.

The results of three main and two supplementary laboratory experiments reveal this sim-
ple theoretical account to be inadequate. To structure this discussion, we first summarize
the empirical results separately for the basic prediction (better performance under outcome
accountability than under process accountability) and the two theoretical “building blocks”
(the assumption that process accountability facilitates increased Type � processing relative
to outcome accountability, and the assumption that such an increase in Type � processing
interferes with restructuring and insight). Afterwards, we highlight the main takeaways of the
research reported in this chapter and discuss their implications for future research on insight
problem solving.

To test the basic prediction of better relative performance under outcome accountability,
we used two well-known insight tasks. The first of these is the matchstick arithmetic task
(Knoblich et al., ����). In this quasi-mathematical task, automatically activated arithmetic
and algebraic knowledge seems to place implicit constraints on the solution moves considered
by the problem solver (Knoblich et al., ����). For the more difficult problems (where these
constraints prevent the discovery of the solution), this leads to an impasse and the cognitive
representation needs to be restructured before the solution can be found. Our initial investiga-
tion (Experiment �) suggested that the basic prediction of better performance under outcome
(versus process) accountability might hold for these problems. But exploratory analyses and
follow-up experiments suggested that this finding was unlikely to be robust and theoretically
interesting. The data from two follow-up experiments were incompatible with a negative effect
of process accountability on performance, either compared to outcome accountability (Exper-
iment �) or compared to no accountability (supplementary experiment, see the Discussion
section of Experiment �). We will note one potentially important design difference between the
intial and the follow-up experiments when we consider the more general issue of the variability
of accountability effects later in this discussion.

The second insight taskwe used is the remote associates task (Mednick, ����). In this verbal task,
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the initial solutions that individuals generate tend to be incorrect and potentially inhibit the
retrieval of the correct solution. When individuals do manage to find the correct solution, they
often report having obtained it with a sudden insight (Chu and MacGregor, ����). Our results
for this task (Experiment �) were more in line with the basic prediction, with one major caveat.
In particular, we found some evidence of an interaction between process accountability and
subject’s score on LexTALE, a test of English vocabulary (Lemhöfer and Broersma, ����). Given
that succesful performance on this task requires a well-developed English vocabulary, we deem
the group of subjects who scored well on this test to be the more relevant one. Among these
subjects only, performance was clearly better under outcome accountability than under process
accountability. Although this result is suggestive, it needs to be independently replicated in a
sample of native speakers. If replicated, it would point toward an aspect of creative problem
solving that responds better to outcome accountability than to process accountability. As such,
it would qualify the current academic view of process and outcome accountability and open
up opportunities for future research.

Whereas the results concerning our basic prediction aremixed, the results concerning the broad
theoretical assumptions that underpin this prediction are clear. In none of our experiments
have we found any evidence for either of the two assumptions.

First, the correlations between task performance and measures designed to track the degree of
deliberate, Type � cognitive processing were consistently low and positive. This was true for
both of the tasks that we used. And it was true both for the validated measures used in Experi-
ment � and the tailored measure employed in Experiment � (as well as in the supplementary
experiment). These results are more in line with what has been termed the “business-as-usual”
view of insight, according to which Type � processes that underlie successful performance on
non-insight problems have an undiminished role in insight problem solving (MacGregor et al.,
����; Ball et al., ����), than with the “special-process” view of insight.

Second, in none of the studies have process-accountable subjects reliably scored higher on
measures designed to tap into the degree of Type � cognitive processing. The most surprising
result was obtained in Experiment �, where outcome-accountable subjects on average scored
higher on the situation-specific rational thinking style questionnaire designed on the basis
of dual-process theorizing (Novak and Hoffman, ����). This finding is the exact opposite
of the one reported by de Langhe et al. (����), who found that process-accountable subjects
scored higher on this measure. These findings are not necessarily incompatible. That is, both
findings could be replicable and also not due to differences in accountability typemanipulations,
differences in the subject pool, etc. Even if we hypothetically could equalize all of these factors,
the difference could still arise due to the different tasks used in the two studies. Clearly, the
nature of cognitive processing employed depends on the task at hand. There is no a priori
guarantee that a link between accountability type and cognitive processing will transplant
from one task to another. But that does not mean that our result should be dismissed. The
question remains: are these results replicable and, if so, what drives the difference? One a
priori plausible candidate answer would be that process accountability is better at facilitating
whichever type of cognitive processing is best suited for the task at hand. But as increased
Type � thinking appeared to positively predict performance in Experiment �, this hypothesis
is not supported by the data.
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What are we to make of all this? In our view, the first major takeaway is that there is a clear
need for theory refinement. In particular, the crude dichotomy between Type � and Type
� processes and the associated unidimensional conceptualization of their interplay appears
insufficient in this context. Itmay therefore be fruitful to forego the coarse grouping of cognitive
processes into Type � and Type � and focus on identifying and experimentally investigating
the more specific cognitive processes (a) affected by accountability manipulations and (b)
involved in insight. For example, Type � processing depends on working memory capacity
but working memory itself can be broken down into various processes (for example, retrieval,
response selection, inhibition of a predominant response, etc.) and components (for example,
domain-general and domain-specific working memory). The same point applies to Type
� processes — perhaps even more so, as this grouping encompasses an even wider variety
of processes (Evans and Stanovich, ����). The fruitfulness of this approach would likely by
enhanced by also considering the dynamic or temporal component of insight problem solving.
For example, insight problem solving may be conceptualized as involving the distinct stages
of problem representation, active problem solving, impasse and restructuring. The most
appropriate approaches, the associated cognitive processes, and the effects of different types of
accountability may differ between these (or other) stages (DeCaro et al., ����).

Another important takeaway from our studies concerns the overall variation in results that we
observed. For example, the contrast between Experiment � and the two follow-up experiments
featuring thematchstick arithmetic taskmay have stemmed from the use of aweak, probabilistic
financial incentive for accuracy in the follow-up experiments. The relative effects of process
and outcome accountability on insight problem solving may also depend on the task that is
used, or the individual characteristics of the problem solver (such as their background abilities
or even gender). We are not trying to suggest that any of these potential sources of variation is
particularly important; the evidence for each is weak at best. The point is rather that the effects
of accountability on insight problem solving appear to be highly heterogeneous. Indeed, the
evidence for direct effects on performance was never clear-cut; the uncertainty intervals were
always wide, even when the sample size was relatively large. For example, in the supplementary
experiment there were more than ��� subjects in each condition and the posterior probability
that the effect of process accountability was positive was about �.��, but the lower end of the
��� uncertainty interval almost reached zero.

These observations lead to our final point that concerns accountability research in general. It
is of course possible that the variation we observed is due to the particular domain we have
investigated (insight problem solving), the nature of our accountability type manipulations,
or both. But it is worth asking if the issue is perhaps not more general. After all, replications
are rare in accountability research (see Chapter �), reuse of measures is uncommon, and the
materials used to manipulate accountability can vary quite a bit from study to study or are
not carefully documented (see Chapter �). Furthermore, by now it is well-known how flexible
analyses, dichotomous thinking, selective publishing, and other characteristics of the current
academic environment can lead to a highly biased, fragile knowledge base (Open Science
Collaboration, ����; Spellman, ����). Add all of this together, and it becomes less clear which
conclusions in the accountability literature are robust and which are not. Steps such as careful
recording and sharing of experimental materials and data, attempts at standardization and
reuse of measures and other study materials, and conducting independent replications are
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therefore essential. All of these steps would facilitate the ultimate goal (the generation of
insightful and genuinely predictive theory) by separating stable findings from the ones that
are not and by exposing the gaps in the current theoretical understanding.

To conclude, the results of the studies reported in this chapter, alongside the earlier work of
Eskenazi (����) and Häusser et al. (����), do not license any grand claims, but they do make a
useful contribution to this research topic by highlighting some possibilities, challenges, and
lessons that future research on accountability, insight, and creative problem solving ought to
consider.
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�.� Appendix �

Table �.�: Variable definitions.

Label [Experiment] Definition

Training [E�] Number of correct responses in the training task admin-
istered before the main task (theoretical range � - ��).

Comprehension quiz [E�] Number of correct responses on the quiz administered
before the main task (theoretical range � - �).

Manipulation check (� pass) [E�] Correctly answering the manipulation check question,
administered after the main task in the three account-
ability conditions.

Response time (seconds) [E�] Average time spent thinking about the prob-
lem/searching for the solution.

Early terminations [E�] Number of trials that were terminated at least �� seconds
before the time would run out and where no solution
was then entered.

Total score [E�] Number of correct answers using a “strict” scoring rule
(only the solutions reported in Table �.� counted as cor-
rect).

Total score, alternative scoring [E�] Number of correct answers using a more lenient scoring
rule (with alternative solutions not explicitly forbidden
by the instructions also counting as correct).

Anxiety (change) [E�] Anxiety (during) - anxiety (before).

Anxiety (before) [E�] Score (average, after recoding) on the state anxiety mea-
sure (Marteau and Bekker, ����) administered before
the main task.

Anxiety (during) [E�] Score (average, after recoding) on the state anxiety mea-
sure (Marteau and Bekker, ����) administered after the
main task.

Process thinking [E�] Average of three self-report items (administered after
the main task) that asked about how much the subject
thought about their approach to the task.

Time pressure [E�] Score on a self-report item (administered after the main
task) that asked about the experienced time pressure
during the task.

Explanation (word count) [E�] Number of words written in response to the explain-your-
approach question.
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Label [Experiment] Definition

Explanation (seconds) [E�] Time (in seconds) taken to submit the response to the
explain-your-approach question.

Comprehension quiz (errors) [E�] Number of errors on the quiz administered before the
main task. Any incorrectly answered question was re-
turned to the queue. Subjects who answered incorrectly
more than ten times were excluded from the study, so the
theoretical range on this measure for those that passed
the quiz is � - ��.

Response time (seconds) [E�] Average time spent thinking about the prob-
lem/searching for the solution.

Early terminations [E�] Number of trials that were terminated at least �� seconds
before the time would run out and where no solution
was then entered.

Total score [E�] Number of correct answers using a “strict” scoring rule
(only the solutions reported in Table �.� counted as cor-
rect).

Anxiety (change) [E�] Anxiety (during) - anxiety (before).

Anxiety (before) [E�] Score (average, after recoding) on the state anxiety mea-
sure (Marteau and Bekker, ����) administered before
the main task.

Anxiety (during) [E�] Score (average, after recoding) on the state anxiety mea-
sure (Marteau and Bekker, ����) administered after the
main task.

Rational thinking [E�] Score (average) on the rational situation-specific think-
ing style questionnaire of Novak and Hoffman (����).
A six-point response scale was used.

Experiential thinking [E�] Score (average) on the experiential situation-specific
thinking style questionnaire of Novak and Hoffman
(����). A six-point response scale was used.

Rat. vs. exp. thinking [E�] The difference of the above two measures.

Explanation (word count) [E�] Number of words written in response to the explain-your-
approach question.

Explanation (seconds) [E�] Time (in seconds) taken to submit the response to the
explain-your-approach question.

Prediction (absolute) [E�] Predicted number of correctly solved problems.
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Label [Experiment] Definition

Prediction (relative) [E�] Predicted relative standing for the number of correctly
solved problems (percentage of comparable students that
woul score worse).

Optimism [E�] The difference between Prediction (absolute) and Total
score.

LexTALE [E�] Score on the LexTALE English vocabulary test (theo-
retical range �� - ����). See Lemhöfer and Broersma
(����).

Total correct (RAT) [E�] Number of correctly solved problems (theoretical range
� - ��). Only the solutions reported in Table �.� counted
as correct but small spelling mistakes or using the plural
form did not disqualify an answer.

Response time (RAT) [E�] Average time spent thinking about the prob-
lem/searching for the solution.

Early terminations (RAT) [E�] Number of trials that were terminated at least �� seconds
before the time would run out and where no solution
was then entered.

Problem-solving approach [E�] Problem-solving approach self-assessed during the post-
experimental questionnaire using a visual analogue scale,
with � corresponding to an “extremely intuitive” ap-
proach and ��� corresponding to an “extremely system-
atic” approach. The two aproaches were described as is
typically done in the literature on insight problem solv-
ing.

Explanation (word count) [E�] Number of words written in response to the explain-your-
approach question.

Explanation (seconds) [E�] Time (in seconds) taken to submit the response to the
explain-your-approach question.
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�.� Appendix �

This appendix summarizes the results of an extended analysis of Experiment � data that was
mentioned in the main text. The aim of this extended analysis was to check to what extent
the results reported in the main text depend on the specific modeling choices we made. To
that end, we constructed and fit a series of models defined by combination of (i) a scoring rule
(the original scoring rule versus a more lenient scoring rule, see Scoring in section �.�), (ii)
an exclusion rule (full sample versus a reduced sample that excludes accountability subjects
failing the manipulation check, see Preliminary analyses in this section), and (iii) an estimation
method (our main, Bayesian analysis versus a simplified classical analysis, see Data analysis in
section �.�). Altogether, this yields eight models including the one that was reported in the
main text.

The main results of all eight models are summarized in Figure �.��. The figure shows the mean
estimates and ��� uncertainty intervals for the three accountability parameters that capture
the effect of each accountability condition relative to the control condition. The estimates
printed in black correspond to Bayesian models and the estimated printed in grey correspond
to models estimated using maximum likelihood estimation.
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Figure �.��: Multiple estimates (from eight separate models) of the effects of the three account-
ability conditions on performance on the matchstick arithmetic task in Experiment �. The
estimates printed in black are Bayesian ones, the estimates printed in grey are classical ones
(maximum likelihood). Dots are estimates, lines are ��� uncertainty intervals. Passed m.c. =
passed manipulation check.
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�.� Appendix �

This appendix summarizes the results of an extended analysis of Experiment � data. We
constructed and fit a series of models defined by combination of (i) an exclusion rule (reduced
sample [see Subjects in section �.�] versus full sample) and (ii) an estimation method (our
main, Bayesian analysis versus a simplified classical analysis, see Data analysis in section �.�).
Altogether, this yields four models including the one that was reported in the main text.

Table �.� summarizes the results (the parameter corresponding to the process accountability
dummy variable). It reports the point estimate (posterior mean for Bayesian models), the
standard error (posterior standard deviation for Bayesian models), and the p value (posterior
probability that the effect is negative for Bayesian models).

Table �.�: Extended main analysis of Experiment �.

Sample Estimation method Results

Estimate SE p

Main Bayesian (informed priors) �.�� �.�� �.��
Main Maximum likelihood �.�� �.�� �.��
Everyone Bayesian (informed priors) �.�� �.�� �.��
Everyone Maximum likelihood �.�� �.�� �.��
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�.� Appendix �

This appendix contrasts the results of the main analysis of Experiment � (using Bayesian
estimation) with a roughly equivalent (seeData analysis in section �.�) classical analysis (using
maximum likelihood estimation).

Table �.�� summarizes the results. It reports the point estimate (posterior mean for Bayesian
models), the standard error (posterior standard deviation for Bayesian models), and the p
value (posterior probability that the effect is negative for Bayesian models).

Table �.��: Extended main analysis of Experiment �.

Parameter Estimation method Results

Estimate SE p

Intercept Bayesian (informed priors) -�.�� �.��
Intercept Maximum likelihood -�.�� �.��
LexTALE (std.) Bayesian (informed priors) �.�� �.�� < �.���
LexTALE (std.) Maximum likelihood �.�� �.�� < �.���
Process Acc. Bayesian (informed priors) -�.�� �.�� �.��
Process Acc. Maximum likelihood -�.�� �.�� �.��
P.A. × LexTALE (std.) Bayesian (informed priors) -�.�� �.�� �.��
P.A. × LexTALE (std.) Maximum likelihood -�.�� �.�� �.��
Outcome Acc. Bayesian (informed priors) �.�� �.�� �.��
Outcome Acc. Maximum likelihood �.�� �.�� �.��
O.A. × LexTALE (std.) Bayesian (informed priors) �.�� �.�� �.��
O.A. × LexTALE (std.) Maximum likelihood �.�� �.�� �.��
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�.�� Appendix �

This appendix considers the possible moderation of accountability effects by subject gender.
Figure �.�� shows the average score in each accountability condition, separately for each
experiment and each gender.

In Experiments � (Figure �.��a) and � (Figure �.��b), the difference between process and outcome
accountability is mostly driven by the results of male subjects — but in different directions. In
Experiment �, male subjects are mostly responsible for the higher average score in the outcome
accountability condition, whereas in Experiment �male subjects are responsible for the higher
average score in the process accountability condition. Finally, in the supplementary experiment
(Figure �.��c; this experiment also featured the matchstick arithmetic task but only the process
accountability and no accountability conditions), the average performance is higher under
process accountability among both male and female subjects, and the difference is slightly
larger among female subjects.

For Experiment � (which featured the remote associates task), we present the results separately
for subjects high in English proficiency (LexTALE score ≥ ��; Figure �.��e) and those low in
English proficiency (LexTALE score < ��; Figure �.��f). Among the more relevant subgroup of
highly proficient English subjects and focusing on the key comparison, outcome-accountable
subjects outperform process-accountable ones among both genders. Other results do indicate
some moderating effects, for example the higher performance of process-accountable subjects
that holds only for male subjects.

What can we conclude based on all this? Despite hints of moderation present in the data of
almost all experiments, the results do not suggest a clear pattern overall. Of course, this does
not mean that these effects don’t “exist.” But it does suggest they are highly variable, much like
the main effects of accountability type that are of focal interest in this chapter. The conclusions
and recommendations made in the discussion of variability in the General discussion therefore
apply here as well.
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(e) Experiment �: High English proficiency
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(f) Experiment �: Low English proficiency

Figure �.��: Accountability and gender. Bars correspond to averages, error lines to ± � standard
error. (Color version of this figure is available in the electronic version of this document.)
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Chapter 4
On adaptive decision making under
process and outcome accountability

Do not choose a coward’s explanation
That hides behind the cause and the effect

— Leonard Cohen favors outcome accountability

Summary:

Previous laboratory research on accountability suggests that holding individual decisionmakers
accountable for their decision strategy or process typically results in better performance than
holding them accountable for the eventual outcomes of their decisions. In the current chapter,
we investigate if this holds true in dynamic decision environments in which decision makers
face the need to combine reliable historical information and accuracy feedback. We hypothesize
that the answer to this question depends on the kind of decision strategy that is best suited
for a given decision environment. In particular, we suggest that the relative advantage of
process accountability would reverse in a decision environment in which optimal decision
accuracy is facilitated by the use of an information-frugal, heuristic strategy. We test this
prediction in a laboratory � × � between-subjects experiment. In line with the prediction, we
find that decision accuracy is higher under outcome accountability in such an environment.
Surprisingly, however, we also find higher decision accuracy under outcome accountability in
an environment in which optimal decision accuracy is facilitated by the use of an information-
intensive strategy—that is, in a decision environment that, according to the current theory,
should favor process accountability. This finding, along with the results of the analysis of
supplementary self-report and process-tracing data, highlights the need for future research
and suggests that, at least under certain conditions, outcome accountability supports more
adaptive decision making.

Acknowledgments:

We thank Evelien Reusen for help in the recruitment of subjects and Stephan Kramer for
commenting on an earlier version of this chapter.
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�.� Introduction

Organizations rely on a variety of formal and informal accountabilitymechanisms to influence
the quality of decision making among their members. One family of approaches emphasizes
the desired outcomes of decisions. For example, a common practice is to tie the individual’s
financial compensation to outcomes such as profit or customer satisfaction (Merchant and
Otley, ����). An alternative family of approaches emphasizes the quality of the process that
was used for decision making. For example, decision makers could be asked to explain
and justify their decision strategy as part of their performance review and evaluated on the
basis of its soundness (Libby et al., ����). Because both outcome accountability and process
accountability can be used in the service of the same goal, an interesting and practically
relevant question concerns their relative effectiveness in stimulating high quality decision
making. To answer this question, a series of experimental studies in applied psychology,
management accounting, auditing, personnel management, and related academic disciplines
directly contrasted the two kinds of accountability and measured their effects on performance.
The results of these studies indicate that individuals under process accountability typically
outperform those under outcome accountability (Patil et al., ����). However, the widespread
adoption of outcome accountability systems in business practice raises the possibility that
this literature overemphasizes the benefits of process accountability. In this chapter, we aim
to help bridge academic research on accountability and the realities of business practice by
investigating adaptive decision making under process and outcome accountability.

We use the term adaptive decision making to highlight the two key components of our ex-
perimental setting that often occur together in real-world decision making. The first key
component is the presence of reliable historical information regarding the cues that are used
to make the final choice. In the current study, the decision domain is choosing a location for
oil-drilling from several candidate sites, so the cues are geological tests and the historical infor-
mation concerns how accurate these tests have been in the past (cue validity). This historical
information enables the decision maker to formulate and carry out a decision strategy: a way
of using the cues to make a decision. For example, the decision maker could rely on historical
information to weigh the importance of each cue, use these weights to determine the overall
value of each alternative, and then choose the alternative with the highest overall value. In
other decision domains, cues might be the results of personality tests (used in the HR domain
to assess which job applicant would be best suited for a job), indicators of financial health
(used in the commercial lending domain to assess the creditworthiness of a company), and so
on.

The second key component is the presence of feedback from the environment. In our ex-
perimental setting, subjects receive clear outcome feedback informing them if the selected
oil-drilling site turned out profitable or not. More generally, feedback can also occur in a partial
or ambiguous form. The presence of outcome feedback significantly alters the decision-making
situation. On the one hand, outcome feedback has the potential to facilitate the selection of
decision strategies that are better suited to the decision environment. This is true for stable
decision environments (Rieskamp and Otto, ����) and becomes even more important in deci-
sion environments in which the underlying structure (and the appropriate decision strategy)
changes in time (Bröder and Schiffer, ����). On the other hand, the link between a decision
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and its outcome is often characterized by a degree of randomness. In real-world decision
making, even the best available decision strategies often have limited success (Gigerenzer,
����). For this reason, outcome feedback could also hinder decision making if it led the
decision maker to abandon an appropriate decision strategy.

Whereas we investigate the setting in which these two components co-occur, previous ac-
countability research focused on investigating them separately�. Most studies focused on the
first component, comparing the effects of process and outcome accountability in settings that
lacked the feedback component. For example, Siegel-Jacobs and Yates (����) investigated
probability judgments in the legal domain, Brtek and Motowidlo (����) studied judgments in
the HR domain, and Dalla Via et al. (����) explored the domain of project-funding decisions.
In contrast, de Langhe et al. (����) and Verwaeren (����) focused on the second component
but in a setting with no historical information. Although the findings from these two streams
of literature overall support the same conclusion (superiority of process accountability over
outcome accountability), we argue that they do not easily generalize to settings in which the
two components co-occur, and that the relative superiority of process accountability would be
diminished in these settings.

The aim of this research is therefore to investigate the relative ability of individuals under
process or outcome accountability to use accuracy feedback to adapt their decision strategy
to their decision environment. In this novel setting, we propose and test the hypothesis that
this ability depends on the kind of decision strategy that is best suited for a given decision
environment. In some environments, information-intensive strategies that attempt to integrate
all available information yield the best performance. Surprisingly, however, in other environ-
ments simpler, heuristic strategies that ignore some of the information perform just as well or
even better than the more complex, information-intensive strategies (Gigerenzer and Todd,
����). For example, Luan et al. (����) recently investigated the domain of hiring decisions
using a real-world dataset from an airline company. A simulation analysis revealed that the
heuristic strategy ∆-inference not only required less information but also made more accurate
decisions than the information-intensive strategy logistic regression. The authors concluded
that “under conditions of uncertainty common to managerial decision making, managers can
actually make better decisions using fast-and-frugal heuristics.”

We operationalize the two kinds of decision environments with reference to two prototypical
and oft-studied decision strategies, the Weighted Additive rule (Payne et al., ����) and the
Take The Best heuristic (Gigerenzer and Goldstein, ����). The first environment is designed
in such a way that using the information-intensive Weighted Additive rule would yield high
decision accuracy, whereas using the information-frugal Take The Best heuristic would yield
substantially lower accuracy. For reasons that will become clear later (and to be consistent with
prior research), we use the label compensatory environment for this first decision environment.
In contrast, the second kind of environment is a mirror image of the compensatory environ-
ment: using the Take The Best heuristic would result in high decision accuracy, whereas using
the Weighted Additive rule would result in substantially lower accuracy. Accordingly, we use
the label noncompensatory environment for this second decision environment.

�An exception is Patil et al. (����). But, as we explain later, this research considered a different form of process
accountability than both our study and most other studies on the topic.
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While a precise definition and detailed discussion of the Weighted Additive and Take The Best
strategies will have to wait until the section Decision environments, it is important to note that
the decision to base the two environments on these two strategies is not arbitrary but rather
motivated by two different considerations. First, simulation analyses using real-world datasets
reveal that these two strategies often perform very well and, depending on the environment,
one strategy may be more suitable (or ecologically rational; Todd and Brighton, ����) than the
other (Czerlinski et al., ����; Şimşek, ����; Lee et al., ����). Second, existing research suggests
that these two strategies jointly explain much of human decision making and that individuals
typically have a clear initial preference for one of them, although the direction of this preference
depends on both task characteristics and subject population (Rieskamp and Otto, ����; Heck
et al., ����; Garcia-Retamero andDhami, ����; Pachur andMarinello, ����). When considering
the ability of individuals to adapt to their decision environments, it is essential to take this
initial preference into account. Because individuals tend to have a clear initial preference for
either the Weighted Additive rule or the Take The Best heuristic and because we investigate
environments in which one of these strategies is ecologically rational while the other one is
not, we will observe how individuals under process and outcome accountability respond both
when feedback mostly supports their initially preferred strategy and when it does not.

To summarize, in the current research we investigate adaptive decision making under process
and outcome accountability in two kinds of decision environments. In the next two sections, we
first summarize the empirical findings on process and outcome accountability and then define
and discuss the two decision environments under investigation. Against this background, we
formulate our exact research objectives and develop predictions in the final section of this
Introduction.

Process and outcome accountability

Before summarizing the research on process and outcome accountability, let us clarify the
scope of our review. We are specifically interested in studies that directly compared process
accountability and outcome accountability and, more specifically, incorporated a normatively
ambiguous form of process accountability (Patil et al., ����). In this form, individuals are
informed that they are to be evaluated on the quality of their process, such as their decision-
making strategy or problem-solving approach. But they are not given specific guidelines (e.g.
a standard operating procedure) on what constitutes an appropriate process. There are two
reasons why we focus on this form of process accountability. First, it is the more generally
applicable one, as it does not require specific knowledge about the appropriate strategy or
process from the designer of the accountability system. Second, this is the form that has
been typically found in the academic literature to yield better performance than outcome
accountability�.

�In contrast, when process accountability is paired with specific normative guidelines, process-accountable
individuals tend to conform to this guidance and, as a result, their performance hinges on the appropriateness of the
provided guidance for the problem at hand (Patil et al., ����). In their study, Patil et al. (����) informed their subjects
that the company that employs them considers a specific decision rule to be “correct.” When this decision rule in fact
matched the structure of the environment, process-accountable subjects outperformed outcome-accountable ones. In
contrast, when the rule was a poor fit for the environment, outcome-accountable subjects performed better.
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We group the findings in this literature into three main clusters. Findings in the first cluster
provide evidence that holding individuals process accountable elicits better performance than
holding them outcome accountable. Relative to outcome accountability, process accountability
has been reported to result in more accurate probability judgments in the legal domain (Siegel-
Jacobs and Yates, ����), more accurate judgments of leadership ability (Brtek and Motowidlo,
����)�, more accurate predictions in a linear multiple-cue learning task (de Langhe et al.,
����), better project funding decisions (Dalla Via et al., ����), and higher profit in a business
simulation task (Verwaeren, ����). In addition to these straightforward performance measures,
process accountability has been reported to be superior on other measures interpreted by the
authors in normative terms. Relative to outcome accountability, process accountability has
been found to decrease escalation of commitment to a failing course of action (Simonson
and Staw, ����)�, self-serving behavior (Pitesa and Thau, ����), and joint costs in a customer-
supplier negotiation setting (Chang et al., ����). Furthermore, process accountability has
been found to enhance professional skepticism among auditors (Kim and Trotman, ����) and
exploration behavior in a business simulation task (Verwaeren, ����).

Findings in the second cluster provide evidence on the underlyingmechanisms thatmediate the
differences in performance of process- and outcome-accountable individuals. Methods used
to provide this evidence include self-report (de Langhe et al., ����; Häusser et al., ����), covert
observation of behavior by a confederate (Brtek and Motowidlo, ����), process-tracing tech-
niques such as information boards and eye-tracking (Siegel-Jacobs and Yates, ����; Dalla Via
et al., ����), and analysis of supplementary data such as decision time and taped recordings
(Häusser et al., ����; Chang et al., ����). Two main mechanistic hypotheses have been ad-
vanced. First, Siegel-Jacobs and Yates (����) suggested that outcome accountability may be
more likely than process accountability to result in stress, which in turn can have a negative
effect on judgment or decision quality (Starcke and Brand, ����). However, to date there is no
direct corroborating evidence for this hypothesis. Häusser et al. (����) did in fact find that
accountability increases stress, but the increase was comparable under process and outcome
accountability. Second, process accountability has been suggested to increase the amount of
information considered in a given judgment or decision as well as the degree of deliberate
cognitive effort applied to analyze the information (Siegel-Jacobs and Yates, ����; Doney and
Armstrong, ����; Dalla Via et al., ����). In line with this hypothesis, de Langhe et al. (����)
reports that process-accountable individuals scored higher on the situation-specific rational
thinking questionnaire, which features items such as “I arrived at my answers by carefully
assessing the information in front of me” and “I tackled this task systematically” (Novak and
Hoffman, ����). In a survey conducted among organizational buyers, Doney and Armstrong
(����) also found self-report evidence for a link between process (but not outcome) account-
ability and information search and analysis. Evidence not relying on self-report comes from
Häusser et al. (����), who found increased decision time under process accountability, and
Dalla Via et al. (����), who found a higher number of fixations (events, detected using an
eye-tracking device, during which the eyes are relatively still, and which presumably reflect
cognitive processing of the information that is attended to) under process accountability. Both

�This study appears to be more of a borderline case with respect to our "normative ambiguity" criterion. The
subjects were apparerntly not informed about what the “correct” process would be, but the authors do mention the
“structured format” that was given to the participants and which perhaps provided normative guidance.

�But see Schulz-Hardt et al. (����) for a recently published failed attempt to replicate this effect
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of these results may reflect increased search and/or more deliberate cognitive processing�.
Finally, process-accountable subjects were rated as more attentive by a confederate in Brtek
and Motowidlo (����).

The final cluster of findings identifies boundary conditions for the superiority of process
accountability over outcome accountability. In particular, de Langhe et al. (����) found that the
accuracy advantage of process-accountable subjects in a multiple-cue learning task vanished
when the relationship between the cues and the criterion was non-linear (making the task more
difficult), and Dalla Via et al. (����) found similar decision quality in the two accountability
conditions when the presentation format in a project funding decision featured a causal chain
diagram (making the task easier). In a more creative domain, Häusser et al. (����) found that
ideas generated in the context of product development were similarly creative under process
and outcome accountability. In addition to these boundary conditions related to the task or
the environment, de Langhe et al. (����) also found moderating evidence concerning the stable
individual characteristics of the accountable individuals. In particular, the positive effect of
process accountability originated from the subset of the subjects who were less able or inclined
to think analytically. Overall, these findings make it clear that process accountability is not
“consistently more desirable and uniformly superior to outcome accountability” (de Langhe
et al., ����), but they only show the attenuation of the typical finding rather than a complete
reversal. The results of Davis et al. (����) provide the most interesting exception; in a complex
task designed to mimic military decision making, performance was higher under outcome
accountability (although the average performance in this condition also deteriorated more
with time than the performance of process-accountable subjects)�

Decision environments

As already noted, we operationalize two kinds of decision environments with reference to
two specific decision strategies, the Weighted Additive rule and the Take The Best heuristic.
We therefore begin this section by defining these two strategies. In the following, we use
the standard terminology of research on probabilistic inference (e.g. Rieskamp, ����). In
particular, the goal of the decision maker is to select a decision alternative (in our experiment,
a potential oil-drilling site) that is best according to some criterion (in our experiment, profit).
The values of decision alternatives on this criterion are not directly known. But the decision
maker can inspect one or more decision cues (in our experiment, results of geological tests)
that correlate with the criterion. More specifically, we limit ourselves to the setting in which
the cues are binary. The usefulness of these cues is operationalized as cue validity—the con-
ditional probability that the cue will indicate the correct alternative, on the condition that
the cue indicates a single alternative. In our experiment, these cues validities are explicitly
communicated to the subjects as “historical information”.

�A null result is reported by Siegel-Jacobs and Yates (����), who found “no significant difference in the average
number of cues used per judgment across conditions.”

�There are two other exceptions: First, Slaughter et al. (����) finds the decoy effect more pronounced under
process accountability than under outcome accountability. But the statistical evidence is very weak. Moreover, the
normative interpretation is not straightforward (see Arkes et al., ����). Second, Eskenazi (����) (Chapter �) reports
higher accuracy under outcome (versus process) accountability in an affective judgment task.
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The Weighted Additive strategy is an information-intensive strategy that approximates norma-
tive models of decision making (Payne et al., ����). When applied to a task of probabilistic in-
ference, this strategy necessitates that all cue values be inspected, multiplied by their respective
cue validity, and summed together to determine the overall value of a decision alternative. The
alternative with the highest overall value is then selected (Bröder, ����). Because cues lower
in validity can potentially jointly overcome the influence of higher-validity cues, Weighted
Additive is a compensatory strategy. In contrast, the information-frugal Take The Best strategy
inspects the cues sequentially in order from the highest-validity cue to the lowest-validity cue.
Crucially, the strategy stops the search immediately once a discriminating cue is found, and
selects the decision alternative on the basis of that single cue (Gigerenzer and Goldstein, ����).
Because cues lower in validity can never overcome the influence of a high-validity cue, Take
The Best is a noncompensatory strategy.

We construct the compensatory environment in such a way that theWeighted Additive is the
more ecologically rational of the two strategies, and the noncompensatory environment in
such a way that the Take The Best is the more ecologically rational of the two strategies. This
approach has been fruitfully applied in a number of previous studies investigating human
decision making. Whereas some researchers manipulate the ecological rationality of the two
strategies by manipulating the costs of information acquisition (e.g. Bröder, ����), we follow
the approach under which the two strategies differ in their accuracy over the span of many
decisions (e.g. Rieskamp and Otto, ����). In particular, we constructed the compensatory
environment in such a way that consistent application of the Weighted Additive rule would
result in ��� of decisions being correct, whereas consistent application of the Take The Best
heuristic would result in ��� of decisions being correct. In the noncompensatory environment,
the opposite was the case—using the Take The Best heuristic would result in a decision accuracy
of ���, whereas using the Weighted Additive rule in a decision accuracy of ���.

Several studies explored how people make decisions in these kinds of decision environments.
For example, Bröder (����) investigated the role of intelligence and working memory in
adapting to these environments, Mata et al. (����) compared the performance of younger
and older adults, Kämmer et al. (����) compared individual decision makers with dyads,
and Rieskamp and Otto (����) developed a formal theory of how individuals learn to adapt
their decision strategy on the basis of accuracy feedback. Both theory and empirical findings
highlight the role of individual’s initial preference for one strategy over another. In laboratory
studies in which the number of cues is low to moderate and there are no explicit costs for
acquiring information, individuals typically have a clear initial preference for applying the
Weighted Additive rule (e.g. Heck et al., ����). In contrast, experienced decision makers seem
to often prefer the Take The Best heuristic (Garcia-Retamero and Dhami, ����; Pachur and
Marinello, ����). In our experimental setting, we assume that the Weighted Additive strategy
would be more likely to be initially preferred.

Current research

The novel empirical work reported in this chapter consists of a � (accountability type) × �
(environment type) between-subjects laboratory experiment. In addition to this experiment,

��



we also conducted a preliminary one (initial n = ���, n after exclusions = ���) which followed
the same basic logic (a � × � between-subjects design with accountability type [process, out-
come] and environment type [compensatory, noncompensatory] as factors). The results (and
limitations) of this preliminary experiment are summarized throughout this section. The
current experiment represents a confirmatory follow-up on this initial work. At the same time,
it addresses some design limitations of the preliminary experiment and includes a considerably
larger sample size.

Our work was designed to contribute to two related research objectives. In the following,
we articulate these objectives and draw on existing literature on accountability and decision
making to motivate our predictions.

Primary objective: To compare decision accuracy under process and outcome accountability in
compensatory and noncompensatory decision environments.

Studies reviewed above suggest that performance is typically better under process accountability
than under outcome accountability (Patil et al., ����). Current theory and empirical evidence
further suggest that this is because process accountability is more likely to facilitate an increase
in the amount of information that is considered and the degree of deliberate cognitive effort that
is applied to integrate the available information (Siegel-Jacobs and Yates, ����; de Langhe et al.,
����; Dalla Via et al., ����). These observations suggest that process-accountable individuals
should be well-suited to making decisions in the compensatory decision environment, as
defined in the preceding section. Older accountability literature also appears supportive of
this conclusion (Lerner and Tetlock, ����). For example subjects in Kahn and Baron (����)
indicated they would be more likely to use a compensatory decision strategy when making
financial and medical choices if they needed to justify their decision, and Lee et al. (����)
found evidence for the same conclusion in a preferential choice setting (their manipulation
also contained elements of outcome accountability, however). Because information-intensive
and compensatory decision making results in high accuracy in the compensatory decision
environment, these observations suggest that process-accountable individuals should perform
well and likely outperform outcome-accountable individuals.

Themore interesting question concerns the performance of process- and outcome-accountable
individuals in the noncompensatory decision environment, in which accurate decision making
is facilitated by the use of the information-frugal and noncompensatory Take The Best heuristic.
On the one hand, the above discussion suggests that process-accountable individuals would
be more likely to decide in an information-intensive, compensatory manner which would
provide maladaptive in this environment. On the other hand, it is possible that the more
deliberate approach of process-accountable individuals would help them grasp the underlying
structure of the decision environment more quickly and allow them to flexibly adapt to the
new conditions (De Dreu et al., ����). Although existing theory is not strong enough to make
a definite prediction, we argue that the former possibility is more likely. This prediction is
further motivated by two additional observations. First, process accountability sometimes
increases the dilution effect (Tetlock and Boettger, ����), meaning that subjects’ judgments were
diluted more when irrelevant information was added to genuinely valid information (Nisbett
et al., ����). This result suggests that process-accountable individuals sometimes consider
a larger amount of information even when it is less appropriate. In our noncompensatory
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decision environment, accurate decision making is facilitated by the use of the Take The Best
strategy, and this strategy sometimes requires that several cues are disregarded in favor of a
single cue. Second, Siegel-Jacobs and Yates (����) argue that process accountability increases
consistency in the use of a judgmental (in our case, decision) strategy in the presence of outcome
feedback. Although such consistency can be beneficial, it is likely to be detrimental in the
noncompensatory environment, in which the optimal decision strategy (Take The Best) is
unlikely to be the strategy process-accountable individuals initially adopt.

Altogether, the preceding discussion suggests that process accountability is likely to facilitate
more accurate decision making than outcome accountability in the compensatory decision
environment, whereas the opposite is likely to be true in the noncompensatory environment.
To what extent do the results of our preliminary experiment conform to these predictions? We
provide a graphical summary of results for all four experimental conditions in Figure �.�. To
show how decision accuracy changed throughout the task, we display amoving average�. In
line with the prediction, we observe higher decision under outcome accountability in the non-
compensatory environment (right). Surprisingly, however, decision accuracy is slightly higher
under outcome accountability also in the compensatory environment (left), at least during the
middle part of the task. In line with these observations, a formal statistical analysis provided
evidence of a main (positive) effect of outcome accountability, qualified by an interaction
with block (meaning that outcome accountability had a more positive effect later in the task).
However, although the main effect was mostly driven by the noncompensatory environment,
the evidence for the two-way interaction betweeen accountability type and environment type
was too uncertain to conclude anything. Given this uncertainty, we deemed it important to
conduct a second experiment. Another motivation for the second experiment stems from
the way we implemented the task in the preliminary experiment. In particular, we used an
information board on which the decision information (results of geological tests) was initially
hidden and also implemented the constraint that only a single bit of information (one test
result) could be inspected at a time. Although this design choice enabled us a more fine-
grained view of predecisional behavior under process and outcome accountability, it can also
be considered a limitation—clearly, the inability to observe all decision-relevant information
at once changes the demands of the task at least to some extent (Lohse and Johnson, ����).
In the current experiment, we used a similar information board but removed the constraint
that only a single bit of information could be inspected at a time. As a result, subjects could
easily inspect all information at once. This solution allowed us to observe some aspects of
predecisional behavior (see the secondary objective below) while at the same time presenting
a more natural decision-making situation to the subjects.

Secondary objective: To compare cognitive processing under process and outcome accountability.

Although the relative effects of process and outcome accountability on decision accuracy are
of primary interest, it is also important to consider the differences in cognitive or affective
processing that give rise to differences in performance. Among other benefits, understanding
the underlying mechanism(s) makes it easier to generalize predictions to novel contexts. In the
current research, we rely on two additional data sources to shed light on cognitive processing
under process and outcome accountability: process-tracing and self-report.

�The window of this moving average equals �� trials, which is the length of one block.
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Figure �.�: Accuracy (� of correct decisions) throughout the task in the preliminary experiment.
The measure depicted on the y-axis is the moving average, computed using a window of ��
trials (length of one block). The lines denote condition averages, and the shaded areas display
��� uncertainty intervals obtained using a bootstrapping procedure (method: percentile-based,
number of iterations: ����). (Color version of this figure is available in the electronic version
of this document.)

To trace subjects’ predecisional behavior, the results of geological tests were initially hidden
and had to be explicitly requested by clicking on the corresponding part of the screen. After
being requested once, test results stayed visible for the entire duration of the trial. This setup
allowed us to examine themaximum amount of information that was considered by the subject
in a given decision, helping us test the prediction that process-accountable individuals would
consider more information in their decision making (Siegel-Jacobs and Yates, ����; Dalla Via
et al., ����), and also enabled some insight into how systematic and deliberate subjects’ decision-
making process was. As already noted, the preliminary experiment included a more intrusive
version of this setup in which only one bit of information could be inspected at the time. The
results showed that the total unique amount of requested informationwas similar under process
and outcome accountability. But if the measure included all requests (including repeated ones),
the average was reliably higher under process accountability. This result resonates with that of
Dalla Via et al. (����) and is potentially indicative of more deliberate decision making on the
part of process-accountable individuals.
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To complement the process-tracing results, we used self-report as our second additional source
of data. In particular, we administered the situation-specific rational thinking style question-
naire (Novak and Hoffman, ����) as part of the postexperimental questionnaire. Rational,
deliberate thinking as captured by this instrument seems to match the reported beneficial
effects of process accountability well, and indeed de Langhe et al. (����) found that process-
accountable subjects scored higher on this questionnaire. Our aim here was simply to replicate
this finding. We have already used this measure in the preliminary experiment and found
that it predicted accuracy more strongly in the compensatory than in the noncompensatory
environment. Interestingly, we observed similar (and high) average score under process and
outcome accountability. It seems plausible, however, that our setup, which allowed only a single
bit of information to be inspected at a time, contributed to this pattern of results. Because we
changed this aspect of study design, we employed the measure once again.

�.� Methods

Subjects

The sample consists of ��� subjects recruited from a pool of business students enrolled in
an undergraduate Management Accounting course �. The average age was ��.� years (SD =
�.�), ��� subjects were female and ��� subjects were male. For their participation, subjects
received course credit. In addition, some subjects received a financial bonus (see Experimental
manipulations). Data collection took place in February ����.

Experimental design

Subjects were randomly assigned to one of the four experimental conditions obtained by cross-
ing the type of accountability (process, outcome) and the type of environment (compensatory,
noncompensatory). There were �� subjects in the condition process accountability × com-
pensatory environment, �� subjects in the condition outcome accountability × compensatory
environment, and �� subjects in each of the remaining two conditions.

Procedure and materials

Subjects (between one and eight per session) were jointly welcomed and escorted to individual
cubicles. After reading the informed consent statement and agreeing to participate in the study,
subjects indicated their age and gender and read the instructions. The latter introduced them
to their role as a geologist working for an oil company, described the main task, and explained
the key concept of cue validity (referred to as test accuracy in the study). The instructions also

�Overall, ��� subject participated in the study, but due to a technical error three subjects have incomplete data.
For two of these subjects, the experimental script threw an error before the main task was completed, so they were
excluded from the study. For the third subject, the error happened after the main task. This subject is included in the
study but does not contribute any data to the analyses based on the data collected after the main task.
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explained that each subject would be paired with another subject (recruited from Amazon
MTurk), who would take the role of their manager. The subjects learned that the outcomes
of their decisions would directly (financially) affect the “manager”. Moreover, the “manager”
would evaluate their performance and the subjects who earned the performance evaluation
“exceeds expectations” would qualify for one of the ��monetary bonuses of ��� each (if the
number of qualified subjects exceeded ��, random selection would be used). This setup pro-
vided the background for our accountability manipulations (see Experimental manipulations)
and was carried out as described (i.e. there was no deception). The instructions also included
two practice trials and were followed by the text of the accountability manipulation and the
comprehension quiz. The latter included six questions that tested the subject’s understanding
of the instructions. Incorrect responses were followed by corrective feedback. After the quiz,
subjects completed the main task, which consisted of four blocks of trials and is described
below (seeMain task). Afterwards, the subjects wrote an explanation of their decision-making
approach and completed the postexperimental questionnaire. The latter consisted of �� ques-
tions that all featured a six-point Likert scale. The first question asked “Do you believe you
will be evaluated favorably by the manager?”, the second question asked “Have you felt any
responsibility for how your decisions would affect the second participant (the manager)?”, and
the third question asked “Would your decision making [sic] approach be different if decision
outcomes directly affected you (as opposed to the manager)?”. The variables based on these
questions are referred to as Optimism, Responsibility, and Different approach in the section
Results. The final ten questions were (minimally adapted) items from the rational subscale
of the situation-specific thinking style questionnaire developed and validated by Novak and
Hoffman (����). The resulting variable (average of the ten answers) is referred to as Ratio-
nal thinking in the section Results. Apart from the initial welcome, the procedure was fully
computerized and programmed in Python using the PsychoPy package (Peirce, ����).

Main task

The main task was a decision-making task consisting of ��� separate trials. In each trial, the
subjects chose one of the three decision alternatives defined by a maximum of six cues. The
subjects assumed the role of a geologist for this study (e.g. Rieskamp and Otto, ����; Kämmer
et al., ����), so the three decision alternatives took the form of three potential oil-drilling
sites (labeled A, B, and C) and the six cues took the form of six available geological tests. The
subject’s task was the same for every trial: to conduct one or more tests and then select the
drilling site they predicted would result in the highest profit. Each decision would turn out
either correct (resulting in a profit) or incorrect (resulting in a loss). As noted above, these
outcomes (expressed in an experimental currrency) directly affected the second subject (“the
manager”) and not the subject who made the decisions.

The six geological tests included in the study were chemical analysis, geophones, ground water
analysis, gravimetry, microscopic analysis, and seismic analysis. Two characteristics of each
test were important in the study. First, the result of each test for a single oil-drilling site was
either positive (indicating a higher chance that the site would be the most profitable one) or
negative (indicating a lower chance that the site would be the most profitable one). Second,
each test was associated with a percentage (labeled Accuracy) summarizing its track record.
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Specifically, it indicated the percentage of past cases for which the test correctly predicted
the most profitable oil-drilling site, conditional on the test results discriminating between
the oil-drilling sites (i.e. cue validity). Subjects were informed that these percentages were
based on a large amount of historical data and that they could therefore be trusted. (Indeed,
the percentages were exactly right when considering all ��� trials of the task together.) The
mapping between the tests and the percentages was determined randomly for each subject.

The study interface is similar to the one from Rieskamp and Otto (����) and related work and
is illustrated in Figure �.�. Tthe initial positions of the tests were constant for each subjects but
varied randomly among subjects. At the start of a trial, no test results were displayed. Subject
could conduct each test (free of cost) by clicking on the corresponding icon. After the click,
the test results for all three oil-drilling sites appeared on the screen and stayed there for the
duration of the trial. Thus, subject could conduct between zero and six tests in each trial before
making a decision. In addition to the decision, the experimental script recorded which tests
were conducted and when.

There were four blocks in total, separated by short breaks. Each block consisted of �� trials.
In a deeper sense, the set of �� trials was the same in each block. But the order of the trials
and the mapping between the three underlying decision alternatives and the three oil-drilling
sites was randomly determined for each subject and each block. The exact nature of the trials
differed between the two decision environments and is explained in the section Experimental
manipulations. In the first block, a decision was immediately followed by the next trial. In
contrast, in blocks � - � a decision was followed by immediate feedback, i.e. the subjects
were notified whether their decision turned out correct or not. Subjects were informed in the
instructions that they could use this information to improve their accuracy.

Figure �.�: Screenshot of one trial in the main task. (Color version of this figure is available in
the electronic version of this document.)
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Experimental manipulations

Accountability type. The operationalization of process and outcome accountability built upon
the setup outlined in the section Procedure and materials. Subjects were informed that the
outcomes of their decisions would directly (financially) affect the second subject (who would
be assigned to the role of their manager), that this second subject would evaluate their per-
formance, and that their chance of earning a financial bonus of ��� would be directly tied to
the evaluation they received. More specifically, the second subject would evaluate their per-
formance as either “below expectations”, “meets expectations”, or “exceeds expectations,” and
among the subjects who received the evaluation “exceeds expectations,” �� would be randomly
selected to receive the bonus of ��� each. Subjects in all conditions were also informed that the
“manager” would follow a “standardized procedure” when evaluating their performance and
that this procedure would involve reading the task instructions and reviewing the performance
of several other subjects in the study. The difference between the manipulations of process
and outcome accountability was in what the “focus” of the “manager” would be and in the
information they would be able to access. Subjects in the process accountability condition were
informed that the “manager” would focus on their decision-making strategy and that “strategy”
refers to the method used to make decisions on the basis of available tests. They were also
informed they would have to “explain and justify” their decision-making strategy after the
main task, and that the “manager” would review (i) their explanation/justification and (ii)
several decisions randomly selected from each “quarter” (block). When reviewing the latter,
the “manager” would be able to see which tests were conducted, what their results were, and
what the subject’s decision was — but not the outcome of the decision. In contrast, subjects
in the outcome accountability condition were informed that the “manager” would focus on
the outcomes of their decisions and that “outcome” refers to whether a decision turned out a
success (i.e. correct) or not. They were also informed that several decisions in each quarter
would be randomly selected and that their outcomes would be reviewed by the “manager.” The
latter would only be able to see what the outcome of a given decision was and not “how” the
subject made the decision. That is, the manager would not be able to see which tests were
conducted, what their results were, and which drilling site was selected by the subject.

Decision environment. To operationalize the two types of decision environment, we manip-
ulated the trials that the subjects encountered during the main task. We prepared two sets
of �� unique trials, one for the compensatory decision environment and one for the noncom-
pensatory decision environment. These two sets of trials (from now on: environments) did
not differ in their surface-level representation (oil-drilling sites, geological tests). Instead, the
key difference was in the long-run performance of the two prototypical decision strategies.
In the compensatory environment, consistent application of the (compensatory) Weighted
Additive strategy would result in ��� of correct decisions, whereas consistent application of
the (noncompensatory) Take The Best strategy would result in ��� of correct decisions. And
the noncompensatory environment was the mirror image of the compensatory one: the Take
The Best strategy would yield ��� of correct decisions, and the Weighted Additive strategy
would yield ��� of correct decisions�. In terms used in the Introduction, theWeighted Additive

�The accuracy of the Equal Weights strategy was ��� in the compensatory environment and ��.�� in the non-
compensatory environment. The Equal Weights strategy is a special case of the Weighted Additive strategy with all
weights set to the same constant.
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strategy was ecologically rational in the compensatory environment, and the Take The Best
strategy was ecologically rational in the noncompensatory environment. Our aim in construct-
ing the two environments was to minimize all differences between the environments save for
this crucial property. To accomplish this task, we represented the combined environments
as a four-dimensional �� × � × � × � arrray of ones and zeroes (trials × cues × alternatives ×
environments) and programmed a custom genetic algorithm to find an appropriate solution.
The algorithm’s fitness function facilitated the evolution of several desirable properties. For
example, we required that the trials and cues be unique, that the cues be diagnostic (cue validity
> �.��) but not perfectly so (cue validity < �.��), that the cue validities communicated to the
subjects would in fact be exactly true for a given environment, that the two key strategies
would always make unambigous predictions and that the overlap between their predictions
was ��� in each of the environments, and so on. The final solution is fully reproduced in
section Appendix �. The cue validities of the six cues were [�.��, �.��, �.��, �.��, �.��, �.��] in
the compensatory environment, and [�.��, �.��, �.��, �.��, �.��, �.��] in the noncompensatory
environment.

Data analysis

We used Bayesian estimation for modeling purposes. The models were fit using the R package
brms (v�.�.�, Bürkner, ����), which serves as an interface to the Stan language (Gelman et al.,
����). Our general approach was to obtain four values for each subject (one for each block)
by averaging over the relevant trials. We then regressed these values on the fixed effects of
environment type, accountability type, block, and all their two-way and three-way interactions
— while also including a varying intercept (random effect) for subjects.

To obtain the estimates that could be interpreted as ANOVA-style main effects and interac-
tions, we used sum-to-zero coding for all predictors. For decision environment, we coded
noncompensatory environment as + �

� and compensatory environment as − �
� . This is reported

as Environment (non. vs. comp.) in the table summarizing the modeling results. Similarly, we
coded process accountability as + �

� and outcome accountability as − �
� (Accountability (pro. vs.

out.)). Finally, there were four blocks, so we created three block predictors. These are Block-A
(�/�/� vs. �) (Block �: − �

� , Blocks �/�/�: + �
� ), Block-B (� vs. �) (Block �: + �

� , Block �: − �
� , Blocks

�/�: �), and Block-C (� vs. �/�) (Block �: + �
� , Blocks �/�: − �

� , Block �: �). Thus the intercept
represents the grand mean and the parameter estimates represent the difference identified in
the label of the predictor.

Depending on the nature of the dependent variable, we used different response distributions
and link functions. If the latter are not explicitly identified for a given analysis, it means that
the normal distribution with an identity link function was used. For convenience, we used the
default (weakly informative) priors supplied by the brms package.

When presenting the results in tabular form, we report posteriormeans and standard deviations.
In addition, we use asterisks to highlight those parameters for which the posterior probability
that the effect is in a particular direction (i.e. positive or negative) is greater than or equal
to �.�� (one asterisk), �.��� (two asterisks) or �.��� (three asterisks). These approximately
correspond to classical two-tailed significance levels of �.��, �.��, and �.��.
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When presenting the results in the text, we report ��� uncertainty intervals (percentile-based)
and/or the posterior probability that the estimate is of a given sign.

For the benefit of frequentist readers, we fit the equivalent version of our main models using
classical maximum likelihood estimation. These results are reported in section Appendix �
(alongside other supplementary analyses).

Additional information

Additional information, including study materials and data, is available in the project’s online
repository (https://osf.io/zrhm7/).

�.� Results

Preliminary analyses

Basic descriptive statistics are reported in Table �.� and Figure �.�. The table reports, separately
for each experimental condition, the means and standard deviations of the measures used
in the study, and the figure displays the correlations among the variables. The latter include
the measures as well as the two manipulated variables (type of accountability and type of
environment).

To check subjects’ understanding of the instructions, we examined the number of errors made
on the comprehension quiz that was administered right before the main task. Overall, the
majority (��.��) of the subjects made zero errors, and the remaining subjects got on average
only about one question wrong. There is one interesting pattern, however. The averages are
slightly higher in the process accountability conditions. This is entirely due to the question that
probed the understanding of the accountability setup, suggesting that the process accountability
setup was less intuitive or easy to understand than the outcome accountability setup. Note,
however, that the total number of subjects who got this question wrong is low (�� out of the ���
process accountability subjects). In addition, they received corrective feedback immediately
after the error, and their remaining data are not meaningfully different compared to the data
of their counterparts.

Next, we checked subjects’ motivation during the main task by classifying the trials according
to inspected information. A trial was flagged if the subject failed to make a single inspection
(conduct a single geological test) or made the decision before uncovering any information that
would discriminate between the alternative they chose and the remaining two alternatives. A
fully motivated subject who understood the task would have zero trials of this kind. This was
the case for ��.�� of the subjects. Of the remaining ones, only two had ��� or more of their
trials flagged and the differences among the experimental conditions are not meaningful.

Finally, we examined the average word count and response time on the question that asked
the subjects to explain their decision-making approach. Because in (only) the process account-
ability condition the answer to this text would be shown to the second subject taking the
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role of the manager (see Experimental manipulations), these measures can be thought of as a
behavioral manipulation check of accountability type. Indeed, we observe robust differences
in the expected direction. For example, the average number of words written is about �.� times
higher among the process-accountable subjects.

Table �.�: Condition means (standard deviations) for various measures (see section Appendix
� for definitions).

Process acc. Outcome acc. Process acc. Outcome acc.
+ + + +

Comp. env. Comp. env. Noncomp. env. Noncomp. env.

Gender (� female) ��.� �� ��.� ��.�
Age (years) �� (�.�) �� (�.�) �� (�.�) �� (�.�)
Quiz (� errors) �.� (��.�) �.� (�) �.� (��.�) �.� (�.�)
Flagged trials (�) �.� (�.�) �.� (�) �.� (�.�) �.� (�.�)
Amount of search (�) ��.� (��.�) ��.� (��.�) ��.� (��) ��.� (��.�)
Validity search (�) ��.� (��) ��.� (��.�) ��.� (��.�) ��.� (��.�)
Time per test (avg.) �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Accuracy, block � (�) ��.� (�.�) ��.� (�.�) ��.� (�.�) ��.� (�.�)
Accuracy, blocks �-� (�) ��.� (�.�) ��.� (�.�) ��.� (�.�) ��.� (�.�)
WADD (� search + choice) ��.� (��.�) ��.� (��.�) ��.� (��.�) ��.� (��.�)
WADD (� choice) ��.� (��.�) ��.� (�.�) ��.� (�.�) ��.� (��.�)
TTB (� search + choice) ��.� (�.�) ��.� (�.�) ��.� (��.�) ��.� (�.�)
Explanation (word count) ���.� (��.�) ��.� (��.�) ���.� (��.�) �� (��.�)
Explanation (seconds) ���.� (���.�) ���.� (��.�) ���.� (���.�) ���.� (��.�)
Optimism �.� (�.�) �.� (�) �.� (�) �.� (�.�)
Responsibility �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Different approach �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)
Rational thinking (avg.) �.� (�.�) �.� (�.�) �.� (�.�) �.� (�.�)

Predecisional behavior

Our setup allows us to examine three basic, independent aspects of predecisional behavior.
First, subjects can differ in the amount of information they search for before deciding (for
example, conducting more or fewer geological tests). Second, subjects can differ in the order
they use in their search (for example, conducting the tests in order of their validity). Finally,
subjects can differ in the amount of time they spend analyzing the information they acquired
and deciding which alternative to choose. For each of these aspects, we first describe how we
constructed the corresponding variable and then summarize the results. We articulate the
overall takeaway of these analyses at the end of the section.

For the amount of search, we focused on the average proportion of tests conducted before
making a choice. We call this measure amount of search. Row � in Table �.� reports the
descriptive statistics and reveals that subjects in all four experimental conditions tended
to conduct a rather comprehensive search. At the level of blocks, the measure is highly
skewed, with about half of the observations corresponding to a fully comprehensive search
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Figure �.�: Correlations between the variables. For the definition of variables, see the main
text or section Appendix �. The correlations are Pearson’s r correlations. (Color version of this
figure is available in the electronic version of this document.)

(all tests conducted in all trials in a block; see Figure �.� in section Appendix � for the full
distribution). To simplify the modeling of this measure, we binned the values into four
categories corresponding to always conducting all six tests (��.�� of observations), conducting
at least five tests on average (��.��), conducting at least four tests on average (��.��), and the rest
(��.��). Afterwards, we fit a cumulative ordinal regression model with a probit link function
(see Bürkner and Vuorre, ����)��. The results are reported in column � of Table �.�. The
estimates (on the assumed latent scale) indicate the presence ofmain effects of environment and
block, qualified by a two-way interaction between environment and block and a partial three-
way interaction between environment, block, and accountability. To clarify these results, we

��This model assumes a latent normally distributed variable that gives rise to the observed categories based on
to-be estimated cut-offs. Admittedly, this approach (categorizing the measure and fitting this sort of model) is not
particularly satisfying.
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Table �.�: Posterior means (standard deviations) for constant effects in each model.

Parameter Amount of search Validity search Time per test Accuracy Rational thinking

Intercept �.�� (�.��)*** ��.�� (�.��)*** �.�� (�.��)***

Environment (non. vs. comp.) -�.�� (�.��)*** -�.�� (�.��) -�.�� (�.��) -�.�� (�.��)*** �.�� (�.��)
Accountability (pro. vs. out.) -�.�� (�.��) -�.�� (�.��) �.�� (�.��) -�.�� (�.��)*** �.�� (�.��)
Block-A (�/�/� vs. �) �.�� (�.��)*** �.�� (�.��)*** -�.�� (�.��)*** �.�� (�.��)***
Block-B (� vs. �) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)*** �.�� (�.��)*
Block-C (� vs. �/�) -�.�� (�.��) �.�� (�.��) -�.�� (�.��)*** �.�� (�.��)**

Env. x Acc. �.�� (�.��) -�.�� (�.��) -�.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Env. x Block-A -�.�� (�.��)*** -�.�� (�.��) �.�� (�.��) �.�� (�.��)
Env. x Block-B -�.�� (�.��)* -�.�� (�.��)* �.�� (�.��) -�.�� (�.��)
Env. x Block-C -�.�� (�.��)** -�.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Acc. x Block-A �.�� (�.��) -�.�� (�.��)** �.�� (�.��) -�.�� (�.��)
Acc. x Block-B -�.�� (�.��) -�.�� (�.��) -�.�� (�.��) �.�� (�.��)
Acc. x Block-C -�.�� (�.��) �.�� (�.��) -�.�� (�.��) �.�� (�.��)

Env. x Acc. x Block-A �.�� (�.��)** �.�� (�.��)** �.�� (�.��)* �.�� (�.��)
Env. x Acc. x Block-B �.�� (�.��) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Env. x Acc. x Block-C �.�� (�.��) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)

display the average amount of search (the originalmeasure) in each experimental condition and
each block in Figure �.�a. Unsurprisingly, search is more comprehensive in the compensatory
environment, where it increases across blocks in both accountability conditions but more so in
the outcome accountability condition. The difference between the accountability conditions
reverses in the noncompensatory environment, where process-accountable subjects on average
conduct more tests after the first block. Given the small differences (note the range of the
y-axis of Figure �.�a) and our crude modeling approach, we should not put too much stock
in the partial interaction between environment, block, and accountability. In any case, these
results are clearly inconsistent with the idea that process-accountable individuals consider
more information in their decision making than outcome-accountable ones.

Next, we analyzed the order of predecisional search. Although the order in which subjects
conducted the geological tests is not important per se, it can provide insight into how subjects
approached the task (for example, how systematic they were in their search process). We
observed that in the large majority (��.��) of trials, subjects would first conduct the geological
test with the highest validity and then continue conducting tests in a descending order of
validity��. We labeled this pattern validity search and constructed a measure of that same name
that captures the proportion of trials in a given block in which a subject followed this pattern.
This measure has a bimodal distribution, displayed in Figure �.� in section Appendix �. For
modeling purposes, we binned the values into four categories corresponding to following
validity search in ���� of trials in a block (��.�� of observations), ��� or more (��.��) trials
in a block, ��� or more trials in a block (��.��), or less than ��� (��.��) of trials in a block.
The modeling results (based on the same kind of ordinal regression model than the one used
to model amount the of search) are summarized in column � of Table �.�, and Figure �.�b

��To be explicit, this measure does not require that all tests are conducted. It only requires that the tests that are
conducted are conducted in a descending order of their validity.
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Figure �.�: Amount and direction of search. The figure shows mean search amount (top) and
mean validity-based search ( bottom) across the four blocks, separately for each experimental
condition. (Color version of this figure is available in the electronic version of this document.)
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displays the average validity search (original measure) in every experimental condition and
every block. We find that validity search increased in both decision environments after the
introduction of feedback (cf. blocks �-� to block �). Moreover, this increase was stronger under
outcome accountability than under process accountability, particularly in the compensatory
environment.

For the final aspect of predecisional behavior, we focused on decision time divided by the
number of tests conducted (the division was done to make the measure independent from
search amount). We call this measure time per test. Because we observed some large values
which likely reflect contaminant processes, such as taking an unscheduled break during the
task, we excluded ��� (�.��) observations that fell three standard deviations away from the
mean, with means and standard deviations computed separately for each subject and in log
space. Because the data were skewed (see Figure �.�� in section Appendix �), we used the
lognormal response distribution for modeling purposes. Descriptive statistics are reported in
row � of Table �.�, the modeling results are reported in column � of Table �.�, and the condition
averages for each block are displayed in Figure �.� in section Appendix �. The main result is
that time per test decreased monotonically as the task progressed (the decrease from the first
to the last block being about ���). The differences between the experimental conditions are
overall minor.

What do these analyses of predecisional behavior jointly suggest about process and outcome
accountability? We offer three tentative conclusions. First, there is no evidence for strong
accountability differences on any of our measures. That is, we obtain no clear evidence for
any main effect nor any interaction between accountability and environment. Second, to
the extent that the data do indicate some potential differences, they are associated with the
introduction of accuracy feedback in block �. In particular, there is some evidence for a two-
way interaction between accountability and the “Block-A” predictor on the validity measure
search, and some evidence for a three-way interaction between accountability, environment,
and the “Block-A” predictor on each of our three measures. Because the predictor “Block-A”
captures the difference between blocks �-� (featuring accuracy feedback) and block � (no
accuracy feedback), these results support the idea that it is important to study accountability
effects in dynamic decision environments (featuring feedback) and not just static environments
(without feedback), which were the focus of most of the previous work on process and outcome
accountability. Finally, although it is not straightforward to interpret these two- and three-way
interactions involving accountability, overall they paint a more favorable picture for outcome
accountability (see Figures �.�a and �.�b), an interpretation that stands in contrast to previous
work on the topic.

Accuracy

We used the percentage of correct decisions as a measure of accuracy. Condition means
standard deviations are reported in Table �.�, separately for block � (when no feedback was
provided) and blocks �-� (when subjects did receive accuracy feedback after every decision).
Modeling results are summarized in column � of Table �.� and reveal that subjects improved
from block to block, performed better in the compensatory environment, and performed
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better under outcome accountability. None of these effects is particularly large (about �-�
percentage points) but the model is highly certain about their direction. For example, the
model assigns a probability of �.��� to the hypothesis that accuracy is on average higher under
outcome accountability than under process accountability. In contrast to these main effects, the
estimates of two-way and three-way interactions are associated with much more uncertainty.
The crucial interaction between the type of environment and the type of accountability is
in the predicted direction, but the uncertainty is too large to allow any conclusion about its
direction.

Note that because the subjects did not receive any accuracy feedback in block �, the results
for this block are of lesser interest for the purpose of this analysis. Only blocks �-� directly
correspond to our main research question, so in the next step we focus on these. As this is
a Bayesian analysis, we can easily zero in on any comparison of interest and summarize it
using the associated posterior probability distribution. To do this, we consider a hypothetical
typical subject, examine what the model predicts about their accuracy in blocks �-� under
all four experimental conditions, and summarize the results using the standard language of
main effects and interactions. We find a main effect of environment type, accuracy being on
average �.� percentage points (��� uncertainty interval: [�.�, �.�], P(β > �) > �.��) higher in
the compensatory environment. We also confirm the main effect of accountability, accuracy
being on average �.� percentage points (��� uncertainty interval: [�.�, �.�], P(β > �) > �.��)
higher under outcome accountability. Finally, the difference between outcome and process
accountability is indeed higher in the noncompensatory environment (for about �.� percentage
points), but this estimate is small and too uncertain (��� uncertainty interval: [-�.�, �.�]),
P(β > �) ≈ �.��) to allow any conclusion about the direction of the interaction.

To obtain an even more fine-grained (and less model-based) comparison of process and
outcome accountability in the two decision environments, we computed a moving average
using a window of �� trials (the length of one block). Thus the first observation for each
subject is computed by averaging over trials � - ��, the second one over trials � - ��, etc. We
display the results in Figure �.�. The lines correspond to the mean values for each experimental
condition and the shaded areas capture the corresponding ��� uncertainty intervals (the latter
were obtained using a bootstrapping procedure with ���� iterations). In the compensatory
environment, we observe that the mean accuracy is essentially the same for process and
outcome accountability in block � (trial �� in the figure). But outcome-accountable subjects
respond better to the introduction of feedback in block � and perform better throughout the
rest of the task. In the noncompensatory environment, the mean accuracy is consistently
higher under outcome accountability and the difference stays relatively constant throughout
the task.

Overall—in contrast to the dominant finding in the accountability literature but in agree-
ment with our preliminary study—the results indicate a small but reliable performance edge
for outcome accountability in both the compensatory and the noncompensatory decision
environment.
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Figure �.�: Accuracy (� of correct decisions) throughout the task. The measure depicted on
the y-axis is the rolling average, computed using a window of �� trials (length of one block).
The lines denote condition averages, and the shaded areas display ��� uncertainty intervals
obtained using a bootstrapping procedure (method: percentile-based, number of iterations:
����). (Color version of this figure is available in the electronic version of this document.)

Decision strategy

Differences in predecisional behavior and accuracy could be driven by differences in the
underlying decision strategies that subjects employed. To investigate this possibility rigorously,
we combined search data and choice data. Any given trial was considered to be compatible
with a given strategy if and only if (i) the minimal number of geological tests required by
the strategy was conducted (criterion of minimal search), and (ii) the choice matched the
strategy prediction (choice criterion). For example, if a subject conducted all geological tests
but did not choose the oil-drilling site favored by the Weighted Additive strategy, the trial was
considered incompatible with the Weighted Additive strategy. Similarly, if the choice matched
the prediction of Take the Best but the most valid geological test was not conducted, the trial
was considered to be incompatible with the Take The Best strategy. Etc.

On the basis of this compatibility measure, we classified each subject as either a Weighted
Additive user, a Take The Best user, or an Equal Weights user��. We did this twice, once

��The Equal Weights strategy is a special case of the Weighted Additive strategy with all weights set to the same

���



for the first block and once for the final block. The former classification captures decision
strategy adoption in the absence of accuracy feedback, and the latter classification captures
strategy adoption after the provision of considerable accuracy feedback. In the first block,
the results show a relatively even split between users of the Weighted Additive strategy and
users of the Take The Best strategy, with the latter somewhat more common (��.��-��.��,
depending on the exact condition��). The differences between experimental conditions are
minor. In contrast, clear differences emerge in the final block. In particular, most subjects
were classified as users of the most adaptive strategy in their decision environment. In the
compensatory environment, users of the Weighted Additive strategy predominated (��.�� in
the process accountability condition, ��.�� in the outcome accountability condition). And in
the noncompensatory environment, users of the Take The Best strategy predominated (��.��
in the process accountability condition, ��.�� in the outcome accountability condition)��.
These percentages also reveal that in both environments, outcome-accountable subjects were
more likely to adopt the most adaptive strategy.

To obtain an alternative and more fine-grained look into these data, we conducted an analysis
based on a moving average. This analysis is analoguous to the one reported for accuracy in
Figure �.�. The only difference is that we used compatibility with the most adaptive strategy as
the dependent variable instead of accuracy. Thus for the compensatory (noncompensatory) en-
vironment, themeasure expresses how often subjects behaved in accordance with theWeighted
Additive (Take The Best) strategy. The results are summarized in Figure �.�. The figure reveals
a clear pattern of adaptation in all four experimental conditions, with the average compatibility
increasing throughout the task. In both decision environments, outcome-accountable subjects
are more likely to behave in accordance with the most adaptive strategy. The results for the
compensatory environment are especially interesting, as they clearly contradict the idea that
process-accountable subjects would be more likely to decide in accordance with the Weighted
Additive strategy.

In light of previous research on this topic, one curious feature of these results is the high
apparent prevalence of Take The Best users. In studies of this sort that lack explicit search
costs and withhold accuracy feedback, the Weighted Additive strategy is typically favored by
the majority of subjects. In contrast, in the first block of the current study (no explicit search
costs, no accuracy feedback) the Take The Best users were in fact slightly more common. To
investigate this discrepancy, we conducted an additional analysis in which we relaxed the
criterion of minimal search. That is, a trial was considered compatible with a given strategy
as long as the strategy prediction given the information the subject actually acquiredmatched
the subject’s choice. In essence, this analysis asks about the choice mechanism that subjects
employed—did they follow the compensatory approach of the Weighted Additive strategy or
the lexicographic, noncompensatory approach of the Take The Best strategy? The results of
this analysis provide an important qualification to our primary analysis. In line with previous
literature, in the first block most subjects (��.��-��.��, depending on the condition) were
classified as users of the Weighted Additive strategy. In the compensatory environment, the

positive constant.
��This is based only on the subjects for which one strategy provided a uniquely best fit (��.�� of subjects). For the

remaining �.��, the Weighted Additive and Take The Best strategies had the exact same fit.
��As for block �, there was a small group of subjects (�.��) for which the Weighted Additive and Take The Best

strategies provided the exact same fit and are therefore not included in this classification.
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proportion of Weighted Additive users remained high in the final block (��.�� in both the
process and the outcome accountability condition). In contrast, in the noncompensatory
environment the proportion of Weighted Additive users decreased markedly (to ��.�� in
the process accountability condition and ��.�� in the outcome accountability condition) —
but nevertheless stayed relatively high. The contrast between this analysis and the primary
analysis suggests that a substantial minority of subjects paired the choice mechanism of the
Weighted Additive strategy with a more limited search behavior characteristic of the Take The
Best strategy.

Postexperimental questionnaire

Rows �� - �� in Table �.� report summary statistics for the measures collected after the main
task was completed. We have already discussed the results for the explain-your-approach
question in the section Preliminary analyses. For the remaining ones, we note that the majority
of subjects expressed optimism about their evaluation (��.��), felt some responsibility towards
the second subject (��.��), and indicated they would use a similar approach if decision
outcomes directly affected themselves (��.��)��. None of these measures correlates strongly
with other measures or displays meaningful differences between the experimental conditions.
Finally, the postexperimental questionnaire included the scale of situation-specific rational
thinking style (Novak and Hoffman, ����). Figure �.� shows that the average on this scale
correlates positively with accuracy after the first block, although the correlation is low (Pearson’s
r = �.��, ��� classical uncertainty interval: [-�.��, �.��]). In line with de Langhe et al. (����),
we find that the scores are on average somewhat higher among process-accountable subjects.
However, in the current study the difference is about half the magnitude of the one reported
by de Langhe et al. (����), whether we consider the raw effect size expressed as a percentage
of maximum possible difference (�.�� vs. �.��) or a standardized effect size (Cohen’s d: �.��
vs. �.��). In summary, in the current study the difference in rational thinking style between
process and outcome accountability is relatively small and also consistent with an absence of
an effect, although the model (summarized in column � of Table �.�) does assign a probability
of almost �.�� to the hypothesis that the true average score on this measure is higher under
process accountability.

�.� Discussion

In the current research we investigated decision accuracy and cognitive processing of decision
makers under either process or outcome accountability. Most previous studies in this stream
of literature focused on tasks in which decision makers possess (or are presented with) some
relevant background knowledge but do not receive any outcome feedback on the accuracy of
their decisions. In contrast, we utilized a dynamic decision-making task in which decision
makers face the need to combine reliable historical information and outcome feedback. Our
study featured two decision environments, a compensatory one and a noncompensatory one.

��These percentages are based on a dichotomization of responses based on the midpoint of the scale, i.e. �.�.
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Whereas optimal accuracy in the compensatory environment called for the use of a com-
pensatory, information-intensive strategy, it was facilitated by the use of a noncompensatory,
information-frugal strategy in the noncompensatory environment. Results of simulations
involving real-world datasets suggest that environments of the latter kind may be common, but
they have so far not been investigated in the accountability literature. Importantly, previous
work suggested that process accountability (relative to outcome accountability) facilitates
a decision-making approach that involves an increased search for information and a com-
pensatory integration of acquired information. This kind of approach lends itself well to a
compensatory environment but could prove maladaptive in a noncompensatory environment.
Testing the relative effects of process and outcome accountability on decision accuracy in
compensatory and noncompensatory environments was the primary objective of the current
study.

We conducted a � × � between-subjects laboratory experiment and tracked subjects’ decision
accuracy throughout the task. As predicted, in the noncompensatory environment the average
accuracy was reliably higher under outcome accountability than under process accountability.
But the results also yielded a surprise: outcome-accountable subjects outperformed process-
accountable ones in the compensatory environment as well, and the magnitude of the effect did
not differ meaningfully compared to the noncompensatory environment. Overall, although the
predicted interaction effect did notmaterialize, these results provide an important contribution
to the literature. Comparable laboratory research on process and outcome accountability
previously found either higher performance under process accountability or, in a few cases,
similar levels of performance under process and outcome accountability. In contrast, our
results suggest that in dynamic decision environments that feature outcome feedback, outcome
accountability can be preferable to process accountability.

The second objective of the current research was to investigate cognitive processing under
process and outcome accountability. To pursue this objective, we relied on both process-
tracing (Schulte-Mecklenbeck et al., ����) and self-report (Novak and Hoffman, ����). For
the former, we used a presentation format in which the decision information was initially
hidden, allowing us to track how much information the subjects obtained, in what order,
and how long they (presumably) spent analyzing the acquired information. For the latter, we
used the situation-specific rational thinking style questionnaire that was previously used in
explaining the superior performance of process-accountable individuals (de Langhe et al.,
����). Starting with the self-report data, we found that the average rational thinking score
was higher under process accountability, in line with de Langhe et al. (����). However, our
data did not provide convincing evidence for this effect, and its magnitude was only about
��� of the magnitude reported by de Langhe et al. (����). A closer look revealed that this
difference in magnitude stemmed from the relatively high scores of outcome-accountable
subjects in the current study—whereas the scores of process-accountable subjects were very
similar to those of their counterparts in de Langhe et al. (����). While these self-report results
provide mixed evidence, the process-tracing results paint a clearer picture. None of the three
measures we employed yielded any evidence ofmore systematic, deliberate, and comprehensive
predecisional behavior under process accountability. In particular, the amount of information
acquired before a decision was taken, the extent to which search was systematic, and the
time spent analyzing the acquired information were all similar under process and outcome
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accountability.

Altogether, the results of the current study challenge the view of process and outcome ac-
countability supported by the existing academic literature. This discrepancy may be due to
the unique challenges posed by decision tasks that combined static, historical information
and continuous outcome feedback. But it is worthwhile asking what other characteristics of
the current study could have contributed to it. Perhaps the most salient such characteristic
concerns the specific form our accountability manipulations took. In most previous studies,
the evaluation of the accountable individuals was done by the researcher conducting the study
(or their associate). In contrast, the evaluation in the current study was done by another subject
in the study. Although this difference (and the corresponding variation in the degree of infor-
mational asymmetry between the accountable individual and the evaluator) could potentially
be meaningful and an interesting target for future research, it is unlikely to have played a
major role here. That is because the preliminary study (see Introduction) used the more typical
setup (evaluation done by the researcher) and found overall similar results. Another salient
design feature of the current study is the use of a presentation format with initially-hidden
decision information. Although this design choice allowed us to track the (maximum) amount
of information subjects relied on when making a decision, the requirement to explicitly re-
quest decision-relevant information possibly facilitated a more deliberate approach (Söllner
et al., ����) and thus diluted the differences between process and outcome accountability that
would otherwise have manifested. For example, this design choice could have contributed to
the weaker effect on the rational thinking style questionnaire. It is not clear, however, how
this design choice could have contributed to the higher decision accuracy under outcome
accountability.��

Interestingly, although our results go against the view of process and outcome accountability
supported by laboratory research, they do resonate with the results of a recent field experi-
ment. Chang et al. (����) tracked the long-term performance of ���� forecasters and found
that outcome-accountable forecasters outperformed process-accountable ones and that the
difference grew over time. It is important to note, however, that the evaluation of process-
accountable subjects in Chang et al. (����) centered on a specific set of forecasting guidelines,
whereas in our study no explicit decision-making guidelines were communicated to the sub-
jects. This is important because laboratory research suggests that the benefits of process
accountability are maximized when the evaluation is relatively open-ended and not based on
guidelines communicated in advance (Patil et al., ����, ����). Our results therefore suggest
an important limitation of process accountability even when implemented in the form that
previous literature suggests is most beneficial.

Future research could shed further light on the relationship between the properties of a decision
environment, the properties of feedback, and the relative effects of process and outcome
accountability. For example, feedback can take many forms, it can be more or less timely,
more or less complete, and more or less informative. It can also vary in the ease with which
it can be communicated to other parties. The distinction between kind and wicked learning
environments (Hogarth et al., ����) is relevant and could inform future research. Another
important characteristic of business reality is that market conditions sometimes change and

��Siegel-Jacobs and Yates (����) also used an information board approach and found higher judgment accuracy
under process accountability than under outcome accountability.
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leave a previously successful strategy inappropriate for dealing with the new environment.
Future research could investigate if the relative advantage of outcome accountability that we
observed in this study would be even more pronounced under these conditions.

In conclusion, the current research suggests that the existing accountability literature overem-
phasizes the relative benefits of process accountability and that, at least under certain conditions,
outcome accountability supports more adaptive decision making. At the same time, the above
observations make it clear that we should be wary of generalizing the results of the current
study, at least until a better understanding of the underlying mechanism(s) is developed. In
order to inform the complex reality of business practice, accountability research needs to
develop a more precise, complete, and genuinely predictive framework for the relative relative
effects of process and outcome accountability.
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Figure �.�: Compatibility with the adaptive strategy throughout the task. The adaptive strategy
was Weighted Additive in the compensatory environment and Take The Best in the noncom-
pensatory environment. A given trial is compatible with a given strategy iff (i) the decision
matches the strategy prediction and (ii) at least theminimal number of geological tests required
by the strategy was conducted. The measure depicted on the y-axis is the moving average,
computed using a window of �� trials (length of one block). The lines denote condition aver-
ages, and the shaded areas display ��� uncertainty intervals obtained using a bootstrapping
procedure (method: percentile-based, number of iterations: ����). (Color version of this
figure is available in the electronic version of this document.)
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�.� Appendix �

This appendix provides information on the exact decision trials used in the study.

Table �.� reproduces the (unique) trials used in the compensatory decision environment. The
first column identifies each trial, the following columns correspond to the three alternatives
defined by six cues. For example, columns � - � corrrespond to the values of decision alternative
� on cues � - � (hence the headers C� - C�). A value of � corresponds to a positive test result
and a value of � corresponds to a negative test result.

Table �.� reproduces the (unique) trials used in the noncompensatory decision environment.

���



Table �.�: Trials used in the compensatory environment.

ID Alternative � Alternative � Alternative �

C� C� C� C� C� C� C� C� C� C� C� C� C� C� C� C� C� C�

� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
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Table �.�: Trials used in the noncompensatory environment.

ID Alternative � Alternative � Alternative �

C� C� C� C� C� C� C� C� C� C� C� C� C� C� C� C� C� C�

� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
�� � � � � � � � � � � � � � � � � � �
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�.� Appendix �

Table �.�: Variable definitions.

Label Definition

Quiz (� errors) Percentage of errors made on the �-question comprehension
quiz administered before the main task.

Flagged trials (�) Percentage of trials in themain task that were flagged because the
subject (a) failed to conduct any geological tests (meaning that
the decision on that trial was essentially random) or (b) failed
to uncover any information that would discriminate between
the oil-drilling site eventually chosen and one or both of the
remaining oil-drilling sites.

Amount of search (�) Average percentage of geological tests conducted per trial.

Validity search (�) Percentage of trials in which validity-based search order was
employed. Validity-based search ordermeans that themost valid
test was conducted first, and any further test that was conducted
was always the test with the highest validity among the remaining
tests.

Time per test (avg.) Average time per test, where “time per test” corresponds to deci-
sion time (number of seconds elapsed from the moment a trial
started to the moment the decision was made) divided by the
number of tests conducted in that trial. Outliers were excluded
at the trial-level, see the main text.

Accuracy, block � (�) Percentage of correct decisions made in the first block of the
main task.

Accuracy, blocks �-� (�) Percentage of correct decisions made in blocks �–� of the main
task.

WADD (� search + choice) Percentage of trials compatible with the Weighted Additive deci-
sion strategy in terms of both search (was the minimum number
of tests needed to carry out the strategy conducted?) and choice
(did the decision match the strategy prediction?).

WADD (� choice) Percentage of trials compatible with the Weighted Additive de-
cision strategy in terms of choice (did the decision match the
prediction of the strategy given the information uncovered by
the subject?).
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Label Definition

TTB (� search + choice) Percentage of trials compatible with the Take The Best strategy
in terms of both search (was the minimum number of tests
needed to carry out the strategy conducted?) and choice (did
the decision match the strategy prediction?). Because the Take
The Best requires only a rather frugal search, this measure was
almost the same as TTB (� choice).

Explanation (word count) Number of words written in response to the explain-your-
approach question.

Explanation (seconds) Time (in seconds) taken to submit the response to the explain-
your-approach question.

Optimism Answer to the question “Do you believe you will be evaluated
favorably by the manager?”. The question was part of the post-
experimental questionnaire, the response scale was a �–� Likert
scale with anchors � = No, not at all and � = Yes, for sure.

Responsibility Answer to the question “Have you felt any responsibility for
how your decisions would affect the second participant (the
manager)?”. The question was part of the postexperimental
questionnaire, the response scale was a �–� Likert scale with
anchors � = No, not at all and � = Yes, for sure.

Different approach Answer to the question “Would your decision making [sic] ap-
proach be different if decision outcomes directly affected you
(as opposed to the manager)?”. The question was part of the
postexperimental questionnaire, the response scale was a �–�
Likert scale with anchors � = No, it would be the same and � =
Yes, it would be very different.

Rational thinking (avg.) Average of the ten items of the rational subscale of the situation-
specific thinking style questionnaire (Novak and Hoffman,
����). The response scale was a �–� Likert scale with anchors �
= Completely disagree and � = Completely agree.
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�.� Appendix �

This appendix reports some additional results and comments on the results reported in the
main text. Its structure matches the structure of the Results section.

Preliminary analyses

The main text mentions ten subjects (all in the process accountability condition) who in-
correctly answered the comprehension quiz question probing their understanding of the
accountability setup. The main text also mentions two subjects who had an unusually large
number of “trials” flagged��. To check if it makes a difference, we re-ran every model reported
in Table �.� after excluding these �� subjects. The results are reported in Table �.�.

Table �.�: Posterior means (standard deviations) for constant effects in each model.

Parameter Search amount Validity search Time per test Accuracy Rational thinking

Intercept �.�� (�.��)*** ��.�� (�.��)*** �.�� (�.��)***

Environment (non. vs. comp.) -�.�� (�.��)*** -�.�� (�.��) -�.�� (�.��) -�.�� (�.��)*** �.�� (�.��)
Accountability (pro. vs. out.) -�.�� (�.��) -�.�� (�.��) �.�� (�.��) -�.�� (�.��)*** �.�� (�.��)
Block-A (�/�/� vs. �) �.�� (�.��)*** �.�� (�.��)*** -�.�� (�.��)*** �.�� (�.��)***
Block-B (� vs. �) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)*** �.�� (�.��)*
Block-C (� vs. �/�) -�.�� (�.��) �.�� (�.��) -�.�� (�.��)*** �.�� (�.��)**

Env. x Acc. �.�� (�.��) -�.�� (�.��) -�.�� (�.��) -�.�� (�.��) �.�� (�.��)
Env. x Block-A -�.�� (�.��)*** -�.�� (�.��) �.�� (�.��) �.�� (�.��)
Env. x Block-B -�.�� (�.��) -�.�� (�.��) �.�� (�.��) -�.�� (�.��)
Env. x Block-C -�.�� (�.��)** -�.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Acc. x Block-A -�.�� (�.��) -�.�� (�.��)** �.�� (�.��) -�.�� (�.��)*
Acc. x Block-B -�.�� (�.��) -�.�� (�.��) -�.�� (�.��) �.�� (�.��)
Acc. x Block-C -�.�� (�.��) �.�� (�.��) -�.�� (�.��) �.�� (�.��)

Env. x Acc. x Block-A �.�� (�.��)** �.�� (�.��)** �.�� (�.��) �.�� (�.��)
Env. x Acc. x Block-B �.�� (�.��) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Env. x Acc. x Block-C �.�� (�.��) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)

Predecisional behavior

Amount of search. The main text mentions the skewed distribution of this measure. Figure �.�
displays it, along with the cut-offs used when transforming the variable for modeling purposes
(dashed red lines). These cut-offs correspond to always conducting all six tests in each trial
of the block, conducting on average five or more tests, conducting on average four or more
tests, and the rest (the pattern does not continue because there would be very few observations
in the following bins). In the main text, we used Bayesian estimation to model the resulting
measure. Column � in Table �.� reports the results of an equivalent model when maximum
likelihood estimation is used instead.

��I am but a lonely footnote.
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Figure �.�: Distribution of the search amount measure. (Color version of this figure is available
in the electronic version of this document.)

Validity search. The main text mentions the bimodal distribution of this measure. Figure �.�
displays it, along with the cut-offs used when transforming the variable for modeling purposes
(dashed red lines). These cut-offs correspond to using validity-based search in exactly ���� /
��� or more / ��� or more / less than ��� trials in a block. In the main text, we used Bayesian
estimation to model the resulting measure. Column � in Table �.� reports the results of an
equivalent model when maximum likelihood estimation is used instead.

Time per test. Figure �.� shows the mean time per test in every block and every experimental
condition, and Figure �.�� shows the distribution of the measure. In the main text, we used
Bayesian estimation to model the measure. Column � in Table �.� reports the results of an
equivalent model when maximum likelihood estimation is used instead.

Accuracy

In the main text, we used Bayesian estimation when modeling accuracy. Column � in Table
�.� reports the results of the modeling analysis when maximum likelihood estimation is used
instead.

Postexperimental questionnaire

In the main text, we used Bayesian estimation to analyze the effects of environment and
accountability on rational thinking, measured using the scale of Novak and Hoffman (����).
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Table �.�: Classical estimates (standard errors).

Parameter Search amount Validity search Time per test Accuracy Rational thinking

Intercept �.�� (�.��)*** ��.�� (�.��)*** �.�� (�.��)***

Environment (non. vs. comp.) -�.�� (�.��)*** -�.�� (�.��) -�.�� (�.��) -�.�� (�.��)*** �.�� (�.��)
Accountability (pro. vs. out.) -�.�� (�.��) -�.�� (�.��) �.�� (�.��) -�.�� (�.��)*** �.�� (�.��)
Block-A (�/�/� vs. �) �.�� (�.��)*** �.�� (�.��)*** -�.�� (�.��)*** �.�� (�.��)***
Block-B (� vs. �) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)*** �.�� (�.��)*
Block-C (� vs. �/�) -�.�� (�.��) �.�� (�.��) -�.�� (�.��)*** �.�� (�.��)**

Env. x Acc. �.�� (�.��) -�.�� (�.��) -�.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Env. x Block-A -�.�� (�.��)** -�.�� (�.��) �.�� (�.��) �.�� (�.��)
Env. x Block-B -�.�� (�.��)* -�.�� (�.��)* �.�� (�.��) -�.�� (�.��)
Env. x Block-C -�.�� (�.��)** -�.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Acc. x Block-A �.�� (�.��) -�.�� (�.��)** �.�� (�.��) -�.�� (�.��)
Acc. x Block-B -�.�� (�.��) -�.�� (�.��) -�.�� (�.��) �.�� (�.��)
Acc. x Block-C -�.�� (�.��) �.�� (�.��) -�.�� (�.��) �.�� (�.��)

Env. x Acc. x Block-A �.�� (�.��)** �.�� (�.��)* �.�� (�.��)* �.�� (�.��)
Env. x Acc. x Block-B �.�� (�.��) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)
Env. x Acc. x Block-C �.�� (�.��) �.�� (�.��) -�.�� (�.��) -�.�� (�.��)

That analysis is reported in column � of Table �.�. Column � of Table �.� reports the results for
an equivalent model fit using maximum likelihood estimation.
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Figure �.�: Distribution of the validity search measure. (Color version of this figure is available
in the electronic version of this document.)
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Chapter 5
On loan officers’ decision strategies

And I thank you, I thank you for doing your duty
You keepers of truth, you guardians of beauty

— Leonard Cohen thanks those who hold him accountable

Summary:

An important part of many decisions is using imperfect cues to infer values on some criterion
of interest, such as when a loan officer uses financial indicators and other information to gauge
the creditworthiness of a company. Existing research demonstrates that people sometimes
solve this task by relying on information-intensive strategies that attempt to integrate all
available information and other times use information-frugal strategies that ignore some of the
information. Despite their simplicity, information-frugal strategies can be ecologically rational
and some research indicates that their use may be more common among expert decision
makers. In this chapter we combine Bayesian latent-mixture modeling and analysis of eye-
tracking data to explore the decision strategies of �� professional loan officers. In contrast to
comparable studies in other decision domains, our modeling results suggest that the majority
of loan officers used a compensatory strategy. In particular, most subjects were classified
as users of the information-intensive Weighted Additive strategy and only six subjects were
classified as the users of the information-frugal Take The Best strategy. These results are
corroborated and extended by the analysis of eye-tracking data. We conclude by identifying
joint modeling of eye-tracking and decision data as a particularly promising avenue for future
research.
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�.� Introduction

Decision making in the real world often involves the task of inferring a value on some criterion
on the basis of imperfect cues. For example, loan officers attempt to gauge the creditworthi-
ness of companies on the basis of financial cues, such as the ratio of cash to total assets, and
non-financial cues, such as the quality and credibility of the management team. The strategies
that people use in probabilistic inference are of great interest to fundamental disciplines, such
as psychology and cognitive science, but also applied ones, such as management, law, and
medicine (Artinger et al., ����; Dhami and Ayton, ����; Wegwarth et al., ����). By docu-
menting the strategies that decision makers use, researchers can systematically investigate the
ecological rationality of these strategies (Todd and Brighton, ����). That is, the environmental
conditions under which the strategies perform better or worse can be investigated using real
world data, computer simulations, and mathematical analysis. As an example, Luan et al.
(����) recently used both real and simulated data to investigate and contrast the accuracy and
search effort of decision strategies in the context of personnel selection. In this way, research
on decision strategies can make a significant contribution to practice.

Existing researchmakes it clear that people sometimes use information-intensive strategies that
involve an exhaustive search for alternatives and cues. We use the term alternatives to describe
decision options (e.g. approve the loan) and the term cues to describe the criteria for making a
choice (e.g. the ratio of cash to total assets). Information-intensive strategies are sometimes
described as rational, as they aim to make use of all available information and thus mimic
or approximate normative theories of choice (Luan et al., ����). They are also compensatory,
as cues lower in importance can in principle compensate for cues higher in importance. A
prototypical strategy of this class is the Weighted Additive strategy (Payne et al., ����). This
strategy determines the overall value of each alternative by multiplying every cue value with its
respective weight and summing the resulting values. The alternative with the highest overall
value is then selected. Information-intensive strategies like the Weighted Additive strategy
can be contrasted with information-frugal strategies (often called heuristics) that simplify
decision making by ignoring some of the alternatives or some of the cues. A prototypical
strategy of this class is the Take The Best strategy (Gigerenzer and Goldstein, ����). This
strategy compares the alternatives by inspecting the cues sequentially in an order determined
by their importance, starting with the most important cue. This strategy terminates search as
soon as a discriminating cue is found and chooses the alternative with the better value on that
cue. In this way, the Take The Best strategy typically substantially reduces the number of cues
that need to be inspected compared to the Weighted Additive and other information-intensive
strategies (Lee et al., ����). Take The Best is a noncompensatory strategy, as cues lower in
importance can never compensate for cues higher in importance.

The conditions under which people use information-intensive, compensatory strategies such
as theWeighted Additive and information-frugal, noncompensatory ones such as the Take The
Best have been a focus of intense interest in psychology. Most of these studies have focused
on novice decision makers performing artificial tasks. But researchers have also begun to
investigate how well these strategies capture the choices of experienced decision makers, such
as magistrates making bail decisions, police officers and burglars assessing which property is
more likely to be targeted for burglary, and airport customs officers judging which passengers
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are more likely to be smuggling drugs (Dhami and Ayton, ����; Garcia-Retamero and Dhami,
����; Pachur and Marinello, ����). We contribute to this stream of literature by investigating
the use of these decision strategies among professional loan officers. Previous studies on
loan officers’ judgment and decision making have focused on loan officers’ use of accounting
information in predicting business failure (Libby, ����; Casey, ����; Abdel-Khalik and El-
Sheshai, ����), the effect of task characteristics on information acquisition and choice (Casey,
����; Biggs et al., ����), the role of different types of information in lending decisions (Beaulieu,
����; Catasús and Gröjer, ����), and the differences betweeen experienced and novice loan
officers (Rodgers, ����; Andersson, ����).

What kind of decision strategies are likely to be the most prevalent among loan officers? We
preface our attempt at answering this question by introducing two theoretical perspectives
on strategy selection (Payne et al., ����; Gigerenzer and Todd, ����). The two perspectives
share a foundational assumption that people possess a repertoire of decision strategies that
they can draw upon. Both also recognize that information-frugal strategies form a part of the
repertoire in addition to information-intensive ones. But the two perspectives differ in their
explanation of why people sometimes rely on information-frugal strategies. One perspective
emphasizes that decision making involves an accuracy/effort trade-off (Payne et al., ����).
Information-frugal strategies are thought to be less accurate than information-intensive ones
while conferring the benefit of reduced effort (Shah and Oppenheimer, ����). Their use can
be rational if the accuracy gains of information-intensive strategies do not justify the increased
costs in time, effort, and other resources (Gigerenzer andGaissmaier, ����). This assumption of
the accuracy/effort trade-off is challenged by the research program on fast-and-frugal heuristics
(Gigerenzer and Todd, ����). These researchers point out that information-frugal strategies
can in fact outperform information-intensive strategies even when it comes to accuracy, and
emphasize the study of the ecological rationality of different strategies – that is, the study
of environmental conditions that determine how well a given strategy can accomplish the
decision maker’s goals. Simulation studies using real world data show that information-frugal
strategies such as the Take The Best strategy can outperform information-intensive strategies
such as the Weighted Additive strategy (Czerlinski et al., ����; Şimşek, ����; Lee et al., ����;
Luan et al., ����).

The two perspectives outlined above inspire two contrasting hypotheses concerning the de-
cision strategies used by experienced loan officers. The perspective emphasizing the accu-
racy/effort trade-off of decision strategies suggests that experienced decision makers may be
more likely to use information-intensive strategies, such as the Weighted Additive strategy.
Experience in a domain is likely to affect both dimensions of the trade-off between accuracy
and effort. Concerning accuracy, experience could contribute to adaptive strategy selection
through both training and selection effects. Concerning effort, it is well-known that experience
decreases effort by making initially deliberate operations automatic through repeated applica-
tion. Experienced decision makers might thus be able to carry out more information-intensive
strategies with less effort than novice decision makers. Jointly, these observations seem to
point in the direction of information-intensive strategies being the norm among loan officers.
On the other hand, complex real world decision environments such as commercial lending are
characterized by limited outcome data, cues of questionable validity, and change. These are in
fact the conditions under which information-frugal strategies seem to perform particularly
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well (Gigerenzer, ����). The ecological rationality perspective would therefore suggest that
experienced decision makers in these environments would be particularly likely to be using
information-frugal strategies suited to these environmental conditions. Indeed, some recent
studies support this view. Both Garcia-Retamero and Dhami (����) and Pachur andMarinello
(����) report that the information-frugal Take The Best was the most prevalent strategy among
experienced decision makers in their studies. In fact, experienced decision makers weremore
likely to be using the Take The Best strategy than novice decision makers.

It is worth noting, however, that the decision domains examined by Garcia-Retamero and
Dhami (����) — burglary — and Pachur and Marinello (����) — airport customs patrol —
differ markedly from the domain of commercial lending. For example, airport patrol officers
might make hundreds of quick decisions each day, and time pressure has been associated with
the use of noncompensatory strategies such as Take The Best (Rieskamp and Hoffrage, ����).
In contrast, the pace of decision making is much slower in commercial lending. Another
significant difference is that loan officers do not make decisions by themselves. Instead, the
decision making process is intensely social and composed of multiple stages. The need to
justify one’s judgments and recommendations thus looms large in the case of commercial
lending. The literature on accountability suggests that the need for justification facilitates
exhaustive information gathering and compensatory decision making (Kahn and Baron, ����;
Lee et al., ����). In line with this reasoning, Andersson (����) found that professional loan
officers engaged in extensive search for cues, and that the extent of search increased with
experience.

In the current study, we use a modern Bayesian outcome-based classification analysis to inves-
tigate the decision strategies used by loan officers. We contrast the information-intensive and
compensatory Weighted Additive strategy with the information-frugal and noncompensatory
Take The Best strategy. In addition, and following a number of previous studies, we also add
the Equal Weights strategy (Einhorn and Hogarth, ����) to our set of candidate strategies.
This strategy can be formulated as a special case of the Weighted Additive strategy with all
cue weights set to the same value. It is a compensatory strategy that takes into account all
alternatives and cues and is therefore sometimes classified along with the Weighted Additive
strategy as a “rational” strategy compared to Take The Best (Lee et al., ����). On the other hand,
the Equal Weights strategy does ignore some information (specifically the cue weights) and
may therefore also be classified as an information-frugal strategy (Gigerenzer and Gaissmaier,
����). Against the backdrop of the contrasting theoretical perspectives introduced above, we
do not make a sharp prediction about loan officers’ decision strategy use, instead formulating
our main aim as a research question.

Progress in decision research is facilitated if decision models (such as the strategies consid-
ered in this chapter) are specified as formal models (Marewski et al., ����). Formalization
contributes to both the descriptive aim (by enabling the use of formal statistical methods to
infer the decision strategies used by subjects) and the prescriptive aim (by enabling the use of
simulations to investigate the conditions under which the strategies perform better or worse)
of decision research. The three strategies considered in this chapter are typically formalized
by assuming that decision makers follow their predictions, save for some unsystematic error.
Although the assumption of unsystematic error is an obvious first step, it does not appear
psychologically tenable, particularly for information-intensive strategies such as the Weighted
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Additive strategy. The development of more plausible error specifications is thus an important
aim of research on decision strategies (Hilbig and Moshagen, ����; Lee, ����; Heck et al.,
����). In the current chapter, we contribute to this project by introducing a novel version of
the Weighted Additive strategy that formalizes the insight that errors (deviations from what
the strategy predicts) should become less likely as the overall value difference between the
alternatives increases (seeMethods).

Our main analysis of decision strategy use is based on the formal comparison of subjects’
decisions and the implied predictions of decision strategies (Bröder and Schiffer, ����; Lee,
����). But although outcome-based classification approaches of this sort are the standard in
the literature, they also have limitations (Lee et al., ����). As a complement to these approaches,
researchers are increasingly using so-called processmethods (Schulte-Mecklenbeck et al., ����).
Classical process methods include the closed information board and its modern successor
mouse-tracking as well as think-aloud protocols. In the literature on loan officers’ decision
making, these methods are used in the studies of Biggs et al. (����) and Andersson (����). In
the current study, we complement our main analysis by collecting and analyzing eye-tracking
data. Eye-tracking provides rich data and is relatively unobtrusive compared tomouse-tracking
and think-aloud protocols (Horstmann et al., ����). Because of these advantages and the
increased availability of eye-tracking systems, the usage of eye-tracking to investigate higher
cognitive processes and economic behavior is on the rise (Orquin and Mueller Loose, ����;
Lahey and Oxley, ����; Lynch and Andiola, ����; Meißner and Oll, ����). In the current study,
eye-tracking provides useful additional information because the different strategies make
predictions concerning cognitive processing that can be tested using eye-tracking data. For
example, the Take The Best strategy makes predictions about the order in which cues will
be inspected, which is something that is easy to test using eye-tracking data. A less obvious
example concerns the idea that the use of the Weighted Additive strategy is cognitively more
demanding than the use of heuristic strategies. Previous eye-tracking research (Horstmann
et al., ����) suggests that this prediction can be tested by investigating the duration of fixations
— periods of time during which the eye(s) remain relatively still (Holmqvist et al., ����).

Finally, another aim of the current study was to investigate the effects of accountability on
lending decisions. As noted above, the need to justify one’s judgments and recommendations
looms large in commercial lending, and Andersson (����) highlighted accountability as a po-
tential explanation of extensive information gathering he observed among senior loan officers
in his study. Accountability has been the subject of many studies in psychology, particularly
laboratory experiments featuring students as subjects (Lerner and Tetlock, ����). Brown (����)
emphasizes the need for naturalistic investigations of accountability by arguing that the effects
of accountability in business environments “diverge considerably from those found in the
lab.” We attempt to contribute to this project by including a naturalistic manipulation of
accountability in our study and investigating its effect on a range of outcomes.
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�.� Methods

Subjects

Forty-two professional loan officers took part in the study. Thirty-five were male, average
age was �� years (SD = ��). Professional experience (number of years working as a loan
officer) ranged from less than a year to more than �� years, the average being � years (SD
= �). All subjects worked for the same commercial bank. Participation was voluntary and
there was no financial compensation for taking part in the study. All subjects had normal or
corrected-to-normal vision.

Materials

Decision task. Every trial of the task featured two alternatives (fictional companies) described by
�� cues. These cues were selected in consultation with a senior loan officer working at the same
bank as the subjects and includeCash to total assets, Current ratio, EBIT interest coverage, Funds
from operations to total debt, EBITDA margin, Total debt to EBITDA, Corporate governance,
key-man and reporting, Management track record & strategy, Cost structure & operational
efficiency, Growth, Geographical diversification, andMarket leadership. The first six of these
cues are financial indicators and continuous in nature. Subjects were informed that specific
values on these cues were translated into five categories, namely very conservative, conservative,
moderate, aggressive, and very aggressive. Furthermore, only two of these categories were to
appear in the task; conservative (positive cue value) and aggressive (negative cue value). For
the other six cues, subjects were told to assume that another loan officer had examined the
company in question and reported a judgment of either well above average, above average,
average, below average, or well below average. As with financial indicators, only two of these
categories were to appear in the task; above average (positive cue value) and below average
(negative cue value). Subjects’ task was to indicate which of the two companies in a given trial
was the better candidate for loan approval. To construct the set of �� trials used in the study,
we followed a similar procedure as Pachur and Marinello (����). First, we generated a set of all
possible trials, before excluding (i) trials where one alternative dominated the other, (ii) trials
in which the two alternatives were equally attractive according to the Equal Weights strategy,
(iii) trials in which the two alternatives were equally attractive according to the Weighted
Additive strategy (with cue weights supplied by abovementioned senior loan officer), (iv) trials
in which the Equal Weight and Take The Best strategies made the same prediction, and (v)
trials in which the Weighted Additive and Take The Best strategies made the same prediction.
From the remaining trials, we randomly sampled �� trials in which the most important cue
(according to the senior loan officer) discriminated between the alternatives, �� trials in which
the second most important cue discriminated between the alternatives (whereas the most
important one did not), and �� trials in which the third most important cue discriminated
between the alternatives (whereas the first two did not). All subjects completed this same set of
�� trials but in random order (different for each subject). Figure �.� shows an exemplary trial.
The placement of cues and alternatives stayed constant between trials. Because the placement
on the screen can be consequential, we created four versions of the task which differed in
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Figure �.�: Example trial of the main task.

the placement of the cues on the screen. For version �, the exact cue placement can be seen
in Figure �.�. The screenshots for the other three versions are available in the online project
repository (see Additional information).

Eye-tracking setup. We used the SMI RED-��� eye-tracker (sampling rate ���Hz) to collect the
gaze data. Subjects were seated around �� centimeters away from the monitor (resolution ����
× ���� pixels), and a chin rest was used to minimize head movement. The areas of interest
were defined in correspondence with the rectangles seen in Figure �.�.

Accountability manipulation. Subjects in the high accountability condition were instructed to
make decisions as if they were part of their job and as if they would have to explain and defend
them in front of the credit committee. They were also informed that the researcher would
ask them to explain the reasoning behind their decisions. Subjects in the low accountability
condition were instructed to follow their own, personal jugment and told that their decisions
were not going to be evaluated by others.

Postexperimental questionnaire. The postexperimental questionnaire contained three parts.
The first part asked the subjects to rank and rate the cues in order of their importance. For the
ranks, no ties were allowed. For the ratings, the scale went from � (completely unimportant)
to ��� (extremely important). In some cases, subjects provided ranks and ratings that were
not fully consistent. These subjects were asked to make the necessary changes to achieve
consistency. In two cases, the researcher failed to spot the inconsistency, and in one case the
subject refused to change his or her initial (and inconsistent) responses. The second part
of the postexperimental questionnaire asked the subjects to rate (on a �-� Likert scale) how
they perceived each cue. One question asked perceived objectivity, the other about perceived
precision. The third part of the postexperimental questionnaire contained a few demographic
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questions.

Procedure

After being welcomed and signing the informed consent statement, subjects read the instruc-
tions on paper and were given the opportunity to ask questions. Next, they were seated in front
of the eye-tracking computer where they completed the eye-tracking calibration procedure
and one practice trial. Right before the main task, subjects read the text of the accountability
manipulation. Subjects then completed the first half of the main task. Each trial began with
a blank screen (��� ms), followed by a fixation sign in the center of the screen (���� ms),
followed by the decision information. Subjects were instructed to press any key after they had
made their decision, which they then indicated with a mouse-click. Following the first �� deci-
sions, there was a short break. Afterwards, the calibration procedure was repeated and subjects
then completed the second half of the task. Finally, subjects completed the postexperimental
questionnaire on paper. Each session lasted about ��minutes and featured a single subject.

Model for inferring decision strategies

An important goal of the current study was to infer the decision strategies underlying the
decisions of loan officers. For this purpose, we used a Bayesian latent-mixture modeling
approach (Lee and Wagenmakers, ����; Lee, ����). In the current section, we motivate and
describe the model that we used. Our starting assumption was that the observed decisions are
produced not by a single process but by several processes, which in our case correspond to three
distinct decision strategies. Following Pachur and Marinello (����) and others, we assumed
that the strategies potentially used by our subjects were the Weighted Additive strategy, the
Take The Best strategy, and the Equal Weights strategy. Whether a given strategy was used
is not something that is directly observable. Instead, it can be inferred on the basis of the fit
between the predictions of the strategy and the observed decisions. For the Equal Weights
strategy, predictions could be made a priori and were the same for all subjects. In contrast,
the predictions of the Weighted Additive strategy depend on cue weights, which may differ
among subjects. We therefore used the data from the cue importance rating task to obtain cue
weights, which were used to generate individualized predictions for the Weighted Additive
strategy. Similarly, we used the data from the ranking task to generate the predictions for the
Take The Best strategy.

The three strategies included in the model specify which alternative should be chosen on any
given trial �. But actual human decisions never conform perfectly to known decision strategies.
To increase the strategies’ psychological plausibility, sharp predictions can be transformed to
probabilities. The simplest approach is to assume that predictions are perturbed by random
error (Bröder and Schiffer, ����). We use this approach for Equal Weights and Take The
Best strategies. The assumption of random error seems relatively more problematic for the

�It is also possible that a strategy does not predict a specific choice in a given trial. In our study, this can only
happen for the Weighted Additive strategy and if the subject’s importance ratings are such that on a particular trial
the value of the alternatives is equal.
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more complex Weighted Additive strategy, which requires the integration of all cue values
and weights. Consider that the cue weights were provided retrospectively by our subjects. To
the extent that these self-reported weights correlate imperfectly with “true” weights, apparent
errorsmay arise. But, crucially, these errors will not be random. Instead, theywill bemore likely
to arise when the difference in the weighted sums of the two alternatives is small. Arguments
of this sort motivate the development of new versions of the Weighted Additive strategy. One
flexible approach is to classify the trials according to the size of the difference in value between
the two alternatives. Separate error parameters are then estimated for each such class, with
the restriction that larger differences in value correspond to lower (or equal) probabilities of
error (Hilbig and Moshagen, ����; Lee, ����; Heck et al., ����). In our study, this approach
would have been too flexible as there were many classes of trials that featured only a single
trial. For this reason, we developed a novel probabilistic version of the Weighted Additive
strategy. The basic idea is to express the absolute value difference between the two alternatives
as a proportion of the maximum possible absolute value difference (obtained by summing the
weights) and map the resulting proportion to the probability of making an error.

The model is formalized in Figure �.�. We use the graphical notation of Lee andWagenmakers
(����) in which nodes are used to represent variables and arrows are used to indicate depen-
dencies between variables. The shape, color, and border of the variables convey information.
The shape indicates whether the variable is discrete (squares) or continuous (circles), the color
indicates whether the variable is observed (grey) or latent (white), and the border indicates
whether the variable is deterministic (double-bordered) or stochastic (single-bordered). Finally,
the two plates (one for subjects, one for trials) are used to indicate replication.

To make sense of the model, we start with the central node yij, which captures the decision
made by subject i on trial j. It takes a value of � if company A was chosen and a value of
� if company B was chosen. The probability that company A will be chosen depends, first,
on ζ i . This parameter indexes the strategy used by subject i and is given a uniform prior,
meaning that, before the data are taken into account, the model considers the three strategies
equally likely to be used. Second, the probability that company A will be chosen depends on
the probability of “error”, captured by the node εij . The value of εij in turn depends on the
strategy used by the subject. For users of Equal Weights and Take The Best strategies, a single
parameter is estimated. For users of the Weighted Additive strategy, however, the εij varies by
trial and depends on the value difference between the two alternatives (Diffij) as well as on the
αi parameter, which controls the shape of the relationship between Diffij and εij . Examples of
how this relationship depends on the value of α are visualized as yellow dashed lines in Figure
�.�.

We implemented the model using the JAGS software (Plummer, ����) and collected �����
samples from each of three chains, after a burn-in period of ���� samples and after thinning
so that only each fifth sample was kept. We checked that the model converged by visually
inspecting the chains and using the R̂ statistic (Brooks and Gelman, ����).
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Figure �.�: The decision-making model. A graphical representation of the Bayesian latent-
mixture model used to infer the subjects’ decision strategies.

Preprocessing of eye-tracking data

The raw eye-tracking data were preprocessed using the default velocity-based algorithm in
SMI BeGaze (v�.�.���). The eye-tracking analyses were conducted on the fixations (minimum
duration: ��miliseconds) identified by the algorithm. The term fixations refers to periods of
time during which the eye(s) remain relatively still (Holmqvist et al., ����). The two attributes
of fixations that are of interest are (i) their duration (informing us about the kind of cognitive
processing the subject is engaged in) and (ii) the associated area on the computer screen
(informing us about the information the subject is attending to).

Additional information

Additional information, including studymaterials and data (with the exception of demographic
data), is available in the project’s online repository (https://osf.io/dc3nj/).

�.� Results

Preliminary analyses

We standardized the ratings of cue importance to a mean of zero and a standard deviation of
one (computed separately for each subject) to increase comparability between subjects. The
standardized ratings are displayed in Figure �.�. Blue circles represent individual ratings and
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Figure �.�: Standardized importance ratings for the �� cues used in the study. The raw responses
were standardized by subtracting the subject-specific mean and dividing the resulting score
by the subject-specific standard deviation. Blue circles represent individual ratings, shaded
areas track the densities of the distributions of ratings, and the connected red circles show the
averages. (Color version of this figure is available in the electronic version of this document.)

the filled areas represent the estimated distributions of ratings. The averages (represented by
the larger, red circles) correlate well with the ratings provided by a senior loan officer before the
study (Pearson’s r = +�.��). But we also observe considerable variability in the assessed relative
importance of cues. For example, no cue was consistently rated by everyone as either above
or below average in importance. The variation in these ratings is contrasted with substantial
agreement in the actual choices made during the main task. Across the �� trials, subjects on
average picked the same decision alternative in ��� of the cases (range ��� - ���), which is
slightly larger than the ��� (range ��� - ���) observed by Pachur and Marinello (����) for
airport customs officers in a comparable study.
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Decision strategy classification

We fit the model described in the sectionModel for inferring decision strategies�. This model
classifies subjects as users of the Weighted Additive strategy, the Equal Weights strategy, or the
Take The Best strategy on the basis of the fit between subjects’ decisions and the predictions
of these strategies. The results are summarized in Figure �.�. Each row corresponds to one
subject and its color represents the inferred strategy. The majority of subjects were classified
as users of a compensatory strategy, with ��� classified as Weighted Additive strategy users
and ��� as Equal Weights strategy users. Only ��� of subjects were classified as users of
the noncompensatory Take The Best strategy. For the remaining subject, the strategies Take
The Best and Equal Weights had the exact same fit. These results contrast with those of
Garcia-Retamero and Dhami (����) and Pachur and Marinello (����), where the Take The
Best strategy provided the best fit for the majority of expert subjects.

Instead of taking the classifications at face value, however, it is important to consider the
associated uncertainty. In Bayesian statistics, the Bayes Factor (Kass and Raftery, ����) is often
used as a measure of evidence. It is a ratio of how likely the given data are under one hypothesis
compared to another. In this case, the “hypotheses” are the three possible classifications for
each subject. We therefore computed two Bayes Factors for each subject, comparing the fit of
the inferred strategy with each of the remaining two strategies. The results are summarized on
the right side in Figure �.� and were also used to order the subjects along the y-axis. For about
one half of the sample, we see moderate or strong evidence for the inferred decision strategy.
For the other half, the Bayes Factor comparing the two best-fitting strategies is less than three,
which is typically described as weak or anecdotal evidence (e.g. Raftery, ����). For the vast
majority of these subjects, however, there is clear evidence at least with respect to whether they
used a compensatory strategy (Weighted Additive, Equal Weights) or a noncompensatory one
(Take The Best). We conclude that the decisions of the majority of loan officers are more in
line with the use of compensatory strategies than with the use of the noncompensatory Take
The Best strategy.

In addition to the uncertainty associated with a given classification, it is important to consider
the raw fit between subjects’ decisions and the predictions of the inferred strategy. Figure
�.� supplies this information as well. It shows, for each subject, how often they decided in
accordance with the inferred strategy (highly saturated cells) and how often they did not (cells
with low saturation). The mean accordance rate is ��� but there is significant variation among
subjects. One subject that clearly stands out was classified as a user of the Weighted Additive
strategy but more often than not made the opposite decision to the one prescribed by the
strategy.

�We also fit two additional models. The first additional model was a version of the main model in which the
Weighted Additive strategy had the same random probability of error as Take The Best and Equal Weights strategies.
Overall, the results of this alternative model are similar to the results for the main model. One important difference is
that with the alternative model, the strategies Weighted Additive and Equal Weights had the same fit for a subset of ��
subjects. The second additional model included just the two versions of the Weighted Additive strategy. Among the
users of Weighted Additive strategy identified by either the main model or the first additional model described in
this footnote, this alternative model assigned about ��� of the subjects to the version of the strategy with a random
probability of error. The corresponding Bayes factors were mostly in the anecdotal range, however. In summary, the
new version of the Weighted Additive strategy introduced in this chapter produced a slightly better fit for the majority
of identified Weighted Additive strategy users than the traditional version with a random probability of error.
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Figure �.�: Strategy classifications and associated accordance rates and Bayes Factors. Each
subject is represented by a single row, colored according to the strategy to which the subject
was classified. The thirty columns represent thirty trials (order is not significant). High
saturation of a cell signifies that the subject decided in accordance with their inferred strategy,
low saturation signifies that they did not. In some trials, the two alternatives were deemed
equally attractive by theWeighted Additive strategy; tese trials are displayed in an intermediate
saturation. The labels on the right communicate two (rounded) Bayes Factors. The first
(second) Bayes Factor compares the inferred strategy with the strategy that has the second
(third) best fit. For the subject represented by the bottom row, the Equal Weights and the
Take The Best strategies had the exact same fit. (Color version of this figure is available in the
electronic version of this document.)
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Figure �.� provides further insight for the subset of subjects who were classified as users of the
Weighted Additive strategy. What is shown is the implied relationship between the absolute
value difference of the two alternatives and the probability of making an “error” (i.e. not
choosing the alternative favored by theWeighted Additive strategy). The subject that stood out
in Figure �.� stands out here as well (the concave curve on the right). For this subject, none of
the three strategies included in the model provide an acceptable account of his or her decisions.
Alternatively, the cue weights supplied by the subjects may be particularly inaccurate.

Eye-tracking analyses

Unique inspections. We investigated to what extent the �� decision-relevant pieces of infor-
mation (�� cues × � alternatives) were inspected at least once in each trial. According to the
Weighted Additive strategy and the Equal Weights strategy, (close to) all information should
be inspected in each trial. In contrast, the information-frugal Take The Best strategy would
inspect a much more limited amount of information. For example, for the cue ordering sup-
plied by the senior loan officer before the study, between one and three cues (� - � pieces of
information) would be inspected per trial. The results show that the mean number of fully
inspected cues was ��.� for the average subject (range: �.� - ��.�). These results are consistent
with the modeling results reported above that suggested that the majority of subjects used a
compensatory strategy. Among the subjects classified as users of the Take The Best strategy,
the mean number of fully inspected cues was lower (�.�, range: �.� - ��.�) but still relatively
high compared to what we would expect if subjects adhered strictly to Take The Best’s stopping
rule.

Dwell time and fixation count. Fixation count refers to the total number of fixations to an
area of interest, and dwell time refers to the summed duration of these fixations. Because
of its stopping rule, the Take The Best strategy predicts a positive correlation between these
measures and the importance of a cue. For example, themost important cue would be inspected
every time whereas the least important cue would be inspected only if the preceding �� cues
all failed to discriminate between the two alternatives. In contrast, there is no reason to
expect a positive correlation for users of the Equal Weights strategy. Finally, for users of the
Weighted Additive strategy the prediction is less clear and depends on assumptions about the
cognitive implementation of the strategy. To test these predictions, we computed subject-level
correlations between dwell time and self-reported cue importance �. The results are shown in
Figure �.� and reveal a positive correlation for ��� of the subjects�. As expected, the mean
correlation is higher for Take The Best users (+�.��) than for Equal Weights users (+�.��), with
Weighted Additive strategy users in between (+�.��).

Information search. Previous analyses revealed the extent to which the decision-relevant
information was attended to and how the amount of attention to a cue varied as a function
of its reported importance. Another important aspect of information processing revealed by
eye-tracking is the type of visual search subjects engaged in. We investigated two dimensions

�The results are similar if fixation count is used instead of dwell time.
�The results for three subjects are not shown because the lack of variation in their importance ratings precluded

the computation of the correlation coefficient.
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Figure �.�: Model-implied relationship between the absolute value difference between the
two alternatives and the probability of error (not choosing the alternative that the strategy
predicts) for subjects classified as users of the Weighted Additive strategy. Each subject is
represented by one purple line (constructed using the posterior means of the alpha parameter)
and one confidence band (constructed using the ��� uncertainty interval). Confidence bands
are drawn with high opacity to prevent overplotting. The three red, dashed lines illustrate how
the value of the alpha parameter translates to the shape of the curve. (Color version of this
figure is available in the electronic version of this document.)
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Figure �.�: Correlation between cue importance and dwell time. Each circle represent one
subject and its color conveys the decision strategy that the subject was classified as using
(WADD =Weighted Additive strategy, EQW = Equal Weights strategy, TTB = Take The Best
strategy). The x-axis represents Pearson’s correlation between the importance assigned to
a given cue and the dwell time for that cue. (Color version of this figure is available in the
electronic version of this document.)
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of search behavior. We begin by explaining these dimensions and the necessary calculations
before presenting the results jointly in Figure �.�.

The first dimension concerns the distinction between cue-based and alternative-based process-
ing. The former corresponds to comparing the alternatives on a given cue before proceeding
to the next cue. The latter corresponds to investigating a single alternative on several cues
before moving to the other alternative. The mapping between a strategy and type of pro-
cessing thus defined is clear for Take The Best, which prescribes cue-based processing. To
develop predictions for the other two strategies, we first assume that subjects choose the
type of processing that is cognitively least costly. Consider the Weighted Additive strategy.
Even though both cue-based and alternative-based processing can support it, the former is
clearly cognitively easier. That is because the subject can simply avoid processing the cues
which do not discriminate between the two alternatives. In contrast, these cues would need
to be processed under alternative-based processing. I therefore predict cue-based processing
for users of the Weighted Additive strategy. For the Equal Weights strategy, in contrast, we
assume that alternative-based processing would be more likely because the Equal Weights
strategy translates into a simple count of positively-valued cues. The reader is invited to test
the reasonableness of these assumptions using Figure �.�.

To investigate whether subjects engaged in cue-based or alternative-based processing, we
begin by definining transition as the pattern of information search contained within a pair of
successive fixations. If we first eliminate fixations that do not fall on areas of interest containing
cue values, four types of transitions are possible. These are defined by (i) whether the second
fixation landed on the same cue (e.g. Growth) as the first one and (ii) whether the second
fixation landed on the same alternative (e.g. Company A) as the first one. Ignoring successive
fixations to the same area of interest leaves us with within-cue (same cue, different alternative),
within-alternative (different cue, same alternative), and shift transitions (different cue, different
alternative). Cue-based processing consists of patterned search behavior where each pattern
begins with one or more within-cue transitions followed by either a within-alternative or shift
transition (as the user moves to the next cue). It therefore predicts that the proportion of
within-cue transitions will be about one half. In contrast, alternative-based processing consists
mainly of within-alternative transitions and therefore predicts a low proportion of within-cue
transitions.

The second dimension concerns the order in which cues were inspected. We identified two
candidate types of search. Importance-based search examines cues in order of their importance.
This is the type of search prescribed by the Take The Best strategy. In contrast, position-based
search is based on the spatial arrangement of cues on the screen. In our case, position-based
search would start in the top left corner, proceed downwards until the first “column” of
cues is examined (see Figure �.�), and then move to the top right corner and again proceed
downwards until the second column of cues is examined. This prediction is based jointly
on traditional reading direction for Western subjects and the arrangement of cues on the
screen. Position-based search is clearly most likely for users of the Equal Weights Strategy,
as it minimizes cognitive costs. For the Weighted Additive strategy, an argument could be
made for both importance-based and position-based search; a sharp prediction is therefore
not warranted. To analyze subjects’ search orders, we classified each trial as position-based
or importance-based. To do this, we considered only fixations targeting areas of interests
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containing cue values. Next, we disregarded the information about the alternative which was
attended to and removed repetitions. We recoded the resulting fixation sequences as strings.
This enabled the use of the Levenshtein distance to check if the actual sequence was closer to the
sequence implied by position-based search or the sequence implied by the importance-based
search�. The Levenshtein distance is the minimal number of character insertions, deletions,
and substitutions needed to transform one string into another. If the Levenshtein distance for
the position-based order was smaller than for the importance-based order, a trial was classified
as position-based — and vice versa.

Figure �.� displays the results. The mean proportion of within-cue transitions is shown on
the x-axis and ranges between ��� and ���. The data suggest that the majority of subjects
engaged in a mixture of cue-based and alternative-based processing. Concerning cue search,
we find that position-based order predominates. Forty-five percent of the subjects seemed to
rely exclusively on position-based order and ��� relied on it more often than not. Only three
subjects used importance-based search in the majority of trials. Finally, we do not observe
striking differences between the users of different decision strategies. Even among Take The
Best users, position-based search predominates, although the mean proportion of trials with
position-based search is higher for users of Weighted Additive (���) and Equal Weights (���)
strategies than for Take The Best users (���).

Fixation duration. We computed the mean fixation duration for each subject and display the
results in Figure �.�. To the extent that the more complex Weighted Additive strategy requires
more deliberate decision making than the heuristic EqualWeights and Take The Best strategies,
we would expect to see longer fixations among its users. The data displayed in Figure �.� do
not support this prediction, however. It may be that the computations enabling the Weighted
Additive strategy are in fact performed in a more automatic manner. Alternatively, genuine
differences between the users of different strategies could have been masked by our use of
averaging. Users of the Weighted Additive strategy could have a higher number of longer
fixations (corresponding to more deliberate processing) but also a larger number of shorter
fixations. To address this possibility, we classified fixations as short (< ���ms), medium (��� -
���ms), or long (���+ ms) (Horstmann et al., ����), and display their average number for
each subject in Figure �.�. The results are highly similar across the three strategies. Fixations
of medium durations predominate, followed by short fixations; long fixations are rare. Overall,
then, we found that duration of fixations does not discriminate between users of different
strategies.

Accountability

The distribution of inferred decision strategies was similar in the two accountability conditions.
In the low accountability condition, ��� of the subjects were classified as users of theWeighted
Additive strategy, ��� as users of the Equal Weights strategy, and ��� as users of the Take
The Best strategy. In the high accountability condition, ��� of the subjects were classified
as users of the Weighted Additive strategy, ��� as users of the Equal Weights strategy, and
��� as users of the Take The Best strategy. To test for other differences between the two

�To obtain unique strings for importance-based search, we used the cue ranking data instead of the cue rating data.
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Figure �.�: Two dimensions of search behavior revealed by eye-tracking. Each diamond
represents one subject, and the color represents the inferred strategy (WADD = Weighted
Additive strategy, EQW = Equal Weights strategy, TTB = Take The Best strategy). The x-
axis shows the average proportion of within-cue transitions in a trial. The y-axis shows the
proportion of trials in which the movement between cues was classified as position-based
(as opposed to importance-based). (Color version of this figure is available in the electronic
version of this document.)
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Figure �.�: Mean fixation duration (in miliseconds) for users of different strategies. Each circle
corresponds to one subject, with observations binned together (bin width = �miliseconds).
WADD =Weighted Additive strategy, TTB = Take The Best strategy, EQW = Equal Weights
Strategy. (Color version of this figure is available in the electronic version of this document.)
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Figure �.�: Average number of short, medium, and long fixations for each subject. The bars
represent mean values, the dots represent individual subjects. The color of each dot conveys
the strategy that was inferred for that subject. WADD =Weighted Additive strategy, TTB =
Take The Best strategy, EQW= EqualWeights strategy. (Color version of this figure is available
in the electronic version of this document.)
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Figure �.��: Comparison of the two accountability conditions for all major measures. The
effect size on the x-axis refers to the probability (obtained using simulation) that a randomly
selected subject from the high accountability group will have a larger score on a given measure
than a randomly selected subject from the low accountability group. The dots correspond to
the estimates and the lines represent ��� uncertainty intervals.

accountability conditions, we identified ��measures of interest. These include measures based
on eye-tracking data, measures based on choice and response time data, andmeasures based on
cue importance data. For each measure, we computed the probability that a randomly selected
subject from the high accountability condition will have a higher score than a randomly
selected subject from the low accountability condition (see McGraw andWong, ����). We then
used a bootstrapping procedure with ���� iterations to construct ��� uncertainty intervals
around these estimates. The results are plotted in Figure �.��. Although the data provide some
indication that the extent of information search (unique inspections) increased under high
accountability, the differences between the two accountability conditions are generally small
relative to the associated uncertainty, precluding any clear conclusion regarding the effect of
the accountability manipulation.
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�.� Discussion

Themain aim of the current study was to investigate the decision strategies used by professional
loan officers in a probabilistic inference task. In each trial of the task, subjects inspected the
profiles of two fictional companies and indicated which of the two companies seemed a better
candidate for loan approval. We used these decisions as an input to a Bayesian latent-mixture
model which classified each subject as a user of one of three decision strategies that have
been previously found to provide a good account of decision making in comparable tasks.
The results indicate that the majority of subjects used a compensatory strategy. In particular,
the Weighted Additive strategy was inferred for more than half of the sample�. This finding
resonates with many laboratory studies on probabilistic inference that, like our study, did not
feature explicit information acquisition costs, time pressure, or immediate accuracy feedback
(e.g. Heck et al., ����). But it contrasts with the results of similar studies on expert decision
making in other domains. For example, Garcia-Retamero and Dhami (����) found that the
majority of decisions made by police officers and experienced burglars were best predicted
by the Take The Best strategy. Similarly, the majority of airport customs officers in the study
by Pachur and Marinello (����) were classified as Take The Best users. In comparison with
these domains, the domain of commercial loan lending is characterized by the large amount
and complexity of information, slower pace of decision making, lack of fast and unambiguous
feedback, and the need to justify one’s judgment to others. These factors seem likely to
incentivize the usage of information-intensive, compensatory decision strategies (Andersson,
����). Even if information-frugal strategies would simplify decision making at no cost to
accuracy (Czerlinski et al., ����; Şimşek, ����; Lee et al., ����; Luan et al., ����), some of these
same factors could prevent the discovery of this possibility.

In the current study we recorded and analyzed eye-tracking data in order to gain further
insight into the similarities and differences among the users of different decision strategies.
The results based on eye-tracking data resonate with the results obtained using decision data.
For example, subjects engaged in an exhaustive search, typically inspecting all or almost all
of the information presented on the screen. Similarly, Andersson (����) reported extensive
information gathering in a study involving Swedish loan officers. In the current study, the
average number of fully inspected cues was slightly lower for users of the Take The Best
strategy but still relatively high. This is in line with other research showing that although the
Take The Best strategy sometimes provides a good account of people’s choices, its information
search predictions fare less well descriptively (Dummel et al., ����). Concerning the type of
search subjects engaged in, eye-tracking data shows that most subjects seem to have employed
a mixture of cue-based and alternative-based processing, and search order was most often
determined by the arrangement of the cues on the screen. The prediction of the Take The Best
strategy that subjects will tend to inspect cues in order of their importance held true for three
subjects, and only one of them was classified as a Take The Best user. Where observed, the
differences between users of different strategies were in line with expectations but relatively
minor. For example, mean correlation between cue importance and the associated dwell time
was highest among Take The Best users (as expected given its stopping rule) but positive across

�It should be noted, however, that in a substantial minority of cases the Weighted Additive strategy and the Equal
Weights strategy had a very similar fit.
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all three strategies. It is important to note, however, that the number of subjects classified as
Take The Best users was low. Because we would expect the strongest differences to be between
users of Take The Best and users of compensatory strategies, our observations need to be
replicated in a study that would have a more even split between these strategies.

The final aim of the study was to investigate the effects of a naturalistic accountability ma-
nipulation on predecisional and choice behavior. As previously discussed, accountability
looms large in Lending decisions, and Andersson (����) identified accountability as a possible
explanation of extensive information gathering he observed among senior loan officers in his
study. We assigned subjects to either a low accountability or a high accountability condition
and compared the two groups on a variety of outcomes. The results, however, were not precise
enough to support any clear conclusion. We did observe some evidence that the average
number of fully inspected cues increased under high accountability, a finding which would
be in line with the speculation of Andersson (����) and the general accountability literature
(Lerner and Tetlock, ����; Lee et al., ����). Given the associated uncertainty, however, we
cannot read too much into this. Our lack of clear results concerning accountability can be
likely traced to the low sample size and the hypothethical nature of our manipulation. It is also
possible that the effects of accountability are more internalized and therefore less responsive
to situational manipulations (Russo et al., ����), or that the effects vary significantly due to
the different social constituencies of different loan officers (Brown, ����).

Before considering promising avenues for future research, we note two additional limitations
of the current study. First, there is a mismatch between the type of task we have used (decision
between two alternatives) and the type of task primarily faced by loan officers in their work
(evaluation of a single alternative). Previous research shows that these two modes of decision
making are not always exchangeable (Hsee, ����). Second, the information conveyed by the
cues in our task was simplified significantly to accommodate methodological and practical
constraints. For example, cue values were categorized instead of being presented as exact
values (in the case of financial cues) or in some even richer form (in the case of non-financial
cues).

The current study highlights several promising avenues for future research. The version of
the Weighted Additive strategy that we have developed needs to be investigated further. In
the current study, this version of the strategy provided a better fit for the majority of relevant
subjects than the traditional version with a random probability of error. For most of these
subjects, however, the evidence in favor of one or the other strategy was in anecdotal range.
It would be instructive to compare the two versions of the strategy in a study in which cue
weights were provided a priori and therefore known with greater precision than in the current
study, where the weights were estimated by subjects themselves. Another important next step
would be to also develop versions of the Equal Weights and Take The Best strategies that
incorporate more plausible theories of error (Heck et al., ����). Finally, in our view a very
promising direction for future research involves the integration of eye-tracking and decision
data. In the current chapter, we have classified subjects as users of different decision strategies
on the basis of decision data, and followed up by using eye-tracking data to highlight the
similarities and differences between users of different strategies. A natural next step would be
to formally include in the model visual behavior as captured by eye-tracking, thus increasing
the scope of the model (Rieskamp and Otto, ����; Glöckner, ����; Lee et al., ����). Such a
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model could also include the possibility of strategy switches during the task (Lee, ����). In
a recent reanalysis of Walsh and Gluck (����), Lee et al. (����) found strong evidence for
strategy switching in a large majority of subjects completing a probabilistic inference task.
The development of these more complete models will bring us closer to the challenging but
important task of understanding the decision making of loan officers and other significant
economic agents.
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�.� Appendix �

Table �.� provides the definitions of variables used in the figures. For Figure �.�� (rows �-��
in the table), the effect size is the probability that a randomly selected subject from the high
accountability condition will have a higher score than a randomly selected subject from the
low accountability condition. What is defined in the table are the underlying measures on
which this effect size is based.

Table �.�: Variable definitions.

Label Definition [relevant figure]

Importance (standardized) Cue importance ratings scaled, separately for each
subject, to have a mean of � and a standard devia-
tion of �. [Fig. �.�]

Correlation (cue importance, dwell time) Correlation between the subject’s cue importance
ratings and dwell time for that cue. Dwell time
(computed from fixations) measures how long, on
average, the subject attended to that cue. [Fig. �.�]

Proportion within-cue transitions Average proportion of within-cue transitions.
Transition is a sequence of two successive fixations.
“Within-cue” means that the two fixations fell on
the same cue but on different alternatives. [Fig.
�.�]

Proportion position-based search Proportion of trials classified as involving position-
based search rather than importance-based search.
Position-based search roughly means moving
from the current cue to the next closest cue.
Importance-based search means moving to the
next most important cue. [Fig. �.�]

Mean fixation duration Average duration of fixations in miliseconds. [Fig.
�.�]

Decision agreement (majority) Proportion of trials where the decision matched
the majority decision. [Fig. �.��]

Decision agreement (strategy) Proportion of trials where the decision matched
the prediction of the inferred strategy for the sub-
ject. [Fig. �.��]

Decision time Average time (in seconds) spent on the screen with
all the information [Fig. �.��]

Transitions (within) [Fig. �.��] Average number of transitions within an alterna-
tive (inspecting different cues from the same alter-
native).[Fig. �.��]

���



Label Definition

Transitions (between) Average number of transitions between alterna-
tives (inspecting the same cue on the two alterna-
tives). [Fig. �.��]

Transitions (both) Average number of transitions that included a
change in both the cue and the alternative. [Fig.
�.��]

Long fixations Average number of long fixations (���+ milisec-
onds in duration) [Fig. �.��]

Long fixations (proportion) Average proportion of long fixations (���+milisec-
onds in duration) [Fig. �.��]

Inspected cues Average number of inspected cues. [Fig. �.��]

Cue importance (corr. w/ contact) Correlation between the subject’s cue importance
ratings and the cue importance ratings provided
by the senior loan officer before the study. [Fig.
�.��]

Cue importance (hard vs. soft) Difference between the average importance rating
assigned to financial indicators and the average im-
portance rating assigned to judgment-based cues.
[Fig. �.��]
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Chapter 6
Conclusion

There’s a mighty judgement coming
But I may be wrong

— Leonard Cohen predicts what this final chapter will bring

Summary:

The first part of this chapter looks back; I begin by summarizing the empirical results re-
ported in Chapters � - � (section �.�) and continue by discussing the results concerning
process/outcome accountability against the background of existing literature on the topic
(section �.�). In particular, I note that the results reported in this dissertation do not justify
a preference for process over outcome accountability and therefore appear in some conflict
with the literature; I conclude by considering three candidate explanations for this apparent
conflict. The second part of the chapter looks forward; I begin by summarizing a few promising
directions for future research on accountability and then reflect on how the value of laboratory
research on accountability could be increased (section �.�). For example, I suggest a few steps
that individual researchers and institutions could take to facilitate cumulative progress. Finally,
I briefly consider the question of what the main value of laboratory experimental research on
accountability is for a management system designer. I propose that, at least at this moment
in time, the knowledge ofmethod is more useful to a management system designer than the
knowledge of theory.
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�.� Summary of findings

The opening chapter of this dissertation positioned accountability as an important part of
the toolkit of a management system designer aiming to facilitate individual performance. A
review of the literature identified several properties of accountability systems that appear most
significant for this purpose. One of these is evaluation focus, which—according to current
evidence—should typically zero in on and emphasize the process that the accountable individual
relies on rather than the desired outcomes. Evaluation focus was shown to be a subject of
growing academic interest and highlighted as having the potential to inform, rather than just
reflect, the practice of the management system designer. The aim of Chapters �, �, and �
was to make a contribution to this body of work by investigating the replicability, boundary
conditions, and psychological mechanisms of the process accountability advantage (higher
average performance under process accountability than under outcome accountability).

Throughout this dissertation, I have emphasized the importance of replication in experimental
research on accountability (and in general). The topic took center stage in Chapter �. The
experiment reported in the chapter attempted to replicate two key findings originally reported
by de Langhe et al. (����). These authors investigated the effects of process and outcome
accountability inmultiple-cue learning tasks in which individuals learn to predict the criterion
from a handful of cues on the basis of outcome feedback. We attempted to replicate their
finding that process accountability (compared to outcome accountability) results in more
accurate predictions in elementalmultiple-cue learning tasks in which there is a linear additive
relationship between the cues and the criterion and that this difference is mediated by the
more systematic and deliberate cognitive approach of process accountable individuals (as
measured by the rational situation-specific thinking style scale of Novak and Hoffman, ����).
The experiment also tested a potential boundary condition of the effects reported by de Langhe
et al. (����) by additionally investigating a version of the task in which some of the cues were
uninformative. Finally, we used the second part of the task to investigate the effects of the
two kinds of accountability on second-order probability judgments. These data presented
an opportunity to replicate the finding that process accountability facilitates more accurate
probability judgment than outcome accountability (Siegel-Jacobs and Yates, ����).

Starting with the latter, our data were not consistent with the results of Siegel-Jacobs and
Yates (����), suggesting that probability judgment may not be reliably more accurate under
process accountability than under outcome accountability. An important qualification is that
the subjects in our experiment were directly held accountable for their first-order judgment,
rather than their second-order (probability) judgment—a potentially consequential design
difference with the experiment of Siegel-Jacobs and Yates (����). Nevertheless, our results
suggest it may be wortwhile to replicate the experiment of Siegel-Jacobs and Yates (����).
Parenthetically, there are in fact a few other reasons why replication seems worthwhile in this
case. First, Siegel-Jacobs and Yates (����) used a tournament-like approach to operationalize
outcome accountability (promising a financial reward for the five most accurate subjects). It
seems plausible that this manipulation incentivized risky strategies (Vandegrift and Brown,
����) that resulted in poorer performance. The replication study should therefore use a more
conventional outcome accountability manipulation. Second, a comparatively large number
of subjects were excluded by Siegel-Jacobs and Yates (����) from the outcome accountability
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condition on the basis of a failed manipulation check, potentially biasing the results (see e.g.
Bouwmeester et al., ����). Finally, the influential status of Siegel-Jacobs and Yates (����) (cited
more than ��� times at the time of this writing, according to Google Scholar) and the results
of Chang et al. (����) (see section Discussion in Chapter �) provide further motivation.

More reassuringly, our results were directionally consistent with those of de Langhe et al. (����).
Prediction accuracy and rational thinking style were both higher under process accountability
than under outcome accountability. Furthermore, the extra measures of decision time and
explicit task knowledge provided converging evidence concerning the underlying cognitive
mechanism. At the same time, however, the effects we observed were substantially weaker,
both in terms of statistical support and in terms of magnitude. The difference in accuracy was
especially small in the novel condition in which some of the cues were uninformative. These
results have clear implications for the planning of future research, although we should not lose
sight of the fact that a single replication study is still just a single study.

For the effect on the rational thinking style measure, however, we can additionally examine
the results from two other chapters. All results are jointly presented in Figure �.�, which also
displays the original result of de Langhe et al. (����). The figure shows the point estimate and
the classical ��� uncertainty interval for Cohen’s d, a standardized measure of effect size. We
observe considerable variation. Two of our studies indicate an effect that is directionally the
same as that of de Langhe et al. (����) but weaker, one study reveals an absence of a meaningful
effect, and another study shows an effect similar in magnitude to that of de Langhe et al. (����)
— but in the opposite direction. This final result is particularly noteworthy as it is the only one
that is clearly inconsistent with the original result and as it drives home the point that effects
may vary not just in magnitude but also in sign.

Two of the chapters in this dissertation probed for the boundary conditions of the process
accountability advantage. In Chapter �, we investigated decision accuracy of process and
outcome accountable individuals in dynamic decision environments in which decision makers
face the need to combine reliable historical information and accuracy feedback. The results
revealed a small but evidentiary strong performance advantage of outcome accountable subjects,
thus qualifying the dominant view in the literature (Patil et al., ����). As expected on the basis
of preliminary results and assumptions based on previous work, this advantage was observed
in the noncompensatory environment in which the information-frugal Take The Best heuristic
was ecologically rational in the sense that its use yielded high accuracy. In addition, however, a
similar result was found in the compensatory environment in which the Take The Best heuristic
performed poorly whereas the information-intensive Weighted Additive strategy resulted in
high accuracy. This finding came as a surprise because—according to previous findings and
associated theorizing—this kind of environment should be favorable to process accountability.
On the other hand, it is consistent with the process-tracing results which revealed a complete
lack of evidence for a more systematic, deliberate, and information-intensive predecisional
processing under process accountability. Overall, the results of this study demonstrate that
outcome accountability can in fact support more adaptive decision making than process
accountability.

Next, in Chapter � we examined how process and outcome accountability affect the ability
to solve two types of so-called insight problems. This question is interesting because insight
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Figure �.�: Accountability focus and rational thinking style. The x-axis displays the study, the
y-axis displays standardized effect size (Cohen’s d). Depicted are point estimates and classical
��� uncertainty intervals. Positive (negative) values indicate a higher average score under
process (outcome) accountability.

problems provide a convenient laboratory model for an aspect of creativity that is difficult to
investigate otherwise. In addition, previous research suggested that the process accountability
advantage could flip in this domain. This conjecture was based on evidence linking process
accountability to increased Type � processing and evidence suggesting that an increase in this
kind of cognitive processing may be ineffective or even detrimental to performance on insight
problems. Accordingly, our aim was to corroborate this theoretical account using performance
and self-report data. The results of several studies, however, exposed the inadequacy of its key
assumptions. First, our results contradict the assumption that process accountability reliably
increases the reliance on deliberate, Type � thinking relative to outcome accountability (see
above). Second, the correlations between measures of Type � processing and performance
were consistently low and positive. The correlational nature of this finding means that its
interpretation is not straightforward. For example, stable cognitive ability could drive variation
on both these measures and performance. What is more important is that we obtained no
evidence that Type � thinking would mediate a performance effect. Finally, the performance
effects (differences in accuracy between process and outcome accountability conditions) were
mixed and uncertain and the reader is directed to the Chapter � for a more complete exposition.
Briefly, however, our studies do not suggest that process and outcome accountability have

���



a reliably different effect on the ability to solve matchstick arithmetic problems—the first
of two tasks we studied. In contrast, we obtained some preliminary evidence that outcome
accountability could be more conducive to performance on remote associate problems—the
second task we studied. If shown to be robust, this result might warrant further attention.�

Finally, in Chapter � we considered the problem of decision making based on probabilistic
cues but not in the context of different kinds of accountability. Whereas in Chapter � we
investigated how process and outcome accountability affect the reliance of individuals on
information-intensive and information-frugal decision strategies in response to outcome
feedback, in Chapter � we investigated the use of these strategies among professional loan
officers. This research was inspired by research on fast-and-frugal heuristicswhich suggests that
information-frugal strategies such as the Take The Best heuristic can be highly accurate in real-
world decision environments and perhaps even more prevalent among experienced decision
makers than information-intensive decision strategies. We noted, however, that the decision
environment of professional loan officers differs considerably from that of experienced decision
makers investigated by previous studies, and that the characteristics of their environment
may promote the use of information-intensive decision strategies. Apart from testing this
possibility, the study made two additional contributions. A theoretical contribution was the
development of a variant of the information-intensive Weighted Additive strategy featuring
a more psychologically realistic error theory. An empirical contribution was the use of eye-
tracking to provide additional information concerning the cognitive processing of loan officers.
Overall, the results showed that compensatory decision strategies provided a better fit for the
majority of loan officers, with the majority of the sample classified as users of the information-
intensive Weighted Additive strategy. The findings from eye-tracking data resonated with this
result, revealing that loan officers engaged in an exhaustive search, typically inspecting all
or almost all of the information presented on the screen. Moreover, the pattern of search of
most loan officers was based on the spatial arrangement of cues on the screen rather than cue
importance (the latter being a search rule that is characteristic of the Take The Best strategy).
These results contribute to the nascent literature on the use of fast-and-frugal heuristics among
experienced decision makers.

�.� Discussion

The following discussion focuses on the process/outcome accountability distinction, as it was
central to the majority of the chapters. What would be a brief but reasonable summary of our
empirical results concerning the relative differences between these two types of accountability,
both those concerning performance and those concerning the underlying psychological mech-
anisms? Overall, the differences we found appear small, variable, and just as likely to favor
outcome accountability as process accountability. From the perspective of the management
system designer, these results therefore do not justify a strong preference for either process or
outcome accountability. In this, they seem to be in some conflict with the literature, which has
“typically championed the benefits of process accountability” (Patil et al., ����). What explains

�Given the overall pattern of results from earlier studies, however, the seemingly more promising results on the
remote associates task may have more to do with the fact that we studied it less.
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this conflict? Let us consider three candidate answers, presented in somewhat exaggerated
form.

Answer �� denies the premise; what seems like conflict can either be explained by known mod-
erating factors or is instead a novel finding that adds an extra building block to accountability
theory. For example, the higher score of outcome accountable individuals on the rational
thinking style scale found in Chapter � is not in conflict with de Langhe et al. (����) but a novel
finding: in insight problem solving tasks, outcome accountability is more likely to facilitate
deliberate, systematic thinking than process accountability. Similarly, the higher accuracy of
outcome accountable subjects in the studies of Chapter �means that outcome accountability
yields better performance when individuals need to adaptively combine historical information
and feedback from the environment. Or take the seeming inconsistency between Siegel-Jacobs
and Yates (����) and the corresponding result in Chapter �: it reveals that the effect holds
when individuals are directly accountable for their probability judgment but not if individuals
are directly accountable for their primary judgment and in addition asked for a probability
judgment. Similarly, our results in Chapter � (specifically the comparison of process account-
ability and no accountability) do not contradict those of Eskenazi (����) but simply reveal
the moderating role of vocabulary size. All of these results are not conflicting evidence but
instead expand our knowledge of complex accountability phenomena. As Tetlock and Lerner
(����) put it, “the story to be told is one of progressive ’complexification’ in which temptingly
parsimonious hypotheses have been repeatedly confounded by recalcitrantly complex patterns
of evidence.”

Answer �� recognizes the conflict and attributes it to the flaws of the studies in this dissertation.
For example, in Chapter � I noted that an important component of accountability are the
rewarding and punishing consequences for the accountable individual that may follow the
evaluation. Variation concerning this component has not received much attention in the
experimental literature but could in principle interact with evaluation focus. For example, the
differences between process and outcome accountability may be small and unreliable when
the consequences of the evaluation are relatively minor but become more pronounced as the
consequences grow. Accordingly, the pattern of results observed in our research is perhaps
due to accountability manipulations of insufficient “strength.” This and other violations of
theoretically less interesting background assumptions fully explain the results reported in this
dissertation. Accordingly, paying attention to these results would simply distract us from the
real gains in knowledge other studies have made.

Answer �� says that process/outcome accountability effects are in fact highly sensitive to context
and just as likely to favor outcome accountability as process accountability but that research
and publishing patterns obscure this truth. After all, given the social nature of accountability
and a high degree of flexibility in operationalization, we should expect these effects to vary
considerably. It can be difficult to realize this, however, if independent replication efforts are
missing and the reuse of tasks and measures minimal—and both of these are true for this body
of work. Add the researchers’ incentives and their freedom in the analysis and reporting of
results (Simmons et al., ����) plus the file-drawer problem (Rosenthal, ����) to the mix and it
becomes easy to see how the published record could yield a biased representation of the truth.

How credible are these three answers? In my estimation, Answer �� is credible enough
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to warrant some follow-up work and changes to research practice and direction; I provide
specific recommendations in the next section. Some outside support for this conclusion comes
from the recent work of Schulz-Hardt et al. (����). These researchers attempted to replicate
the finding that process accountability decreases the escalation of commitment relative to
outcome accountability (Simonson and Nye, ����). But neither the direct replication attempt
nor the follow-up study (featuring “stronger” accountability manipulations) revealed any
difference between the effects of these two kinds of accountability on escalation of commitment.
Interestingly, the second of these two studies also featured an attempt to replicate the results of
de Langhe et al. (����). Although the full results are not reported, the authors note that “no
significant effects of accountability on participants’ judgments in this task were found.” These
findings reinforce the conclusion that the peformance advantages of process accountability are
not robust.

That said, Answers �� and �� plausibly explain some of the “variance” as well. And accepting
either one of these as the main answer can be useful to the extent that it inspires the right kind
of action. For example, if one were to accept (in line with Answer ��) that the more adaptive
performance of outcome accountable subjects reported in Chapter � constitutes a novel finding,
one could follow up by conducting a replication and/or formulating and testing hypotheses
concerning the underlying mechanism. Or take Answer ��, which asserts that the studies
reported in this dissertation are flawed and specifically highlights the possible interaction
between the evaluation focus and the “strength” of the accountability manipulations. This
latter conjecture seems plausible. But it must be noted that the manipulations employed were
for the most part highly similar to those of the most closely related studies. Accordingly, the
critique needs to expand to include not just the manipulations but manipulations in interaction
with other characteristics of the studies. Most importantly, post hoc theorizing of this kind
should not be used merely as a way to selectively dismiss inconvenient results—that way a
Lakatosian degeneration of a research program lies. While calling existing research on process
and outcome accountability a research program in Lakatos’ sense is too grandiose, the basic
point stands. Dismissals of this sort are fine as long as they are generative. For example,
a simple � × � experiment could be conducted to check if evaluation focus interacts with
manipulation strength. An even more valuable solution would be to develop and validate a
short and appropriately sensitive self-report instrument to tap into into this component of
accountability: the subjective significance of the accountability evaluation and the associated
consequences. If applied widely, such a measure would result in a body of data that could be
used to test hypotheses of this sort and to guide methodological development.

�.� Recommendations for research

Hall et al. (����) argue that in “the history of any area of scientific inquiry, there are periods
when significant opportunities present themselves, and such is the time for accountability
literature.” What are these opportunities? Perhaps even more importantly, how can researchers
best exploit them? In contrast to Hall et al. (����), we shall focus on experimental laboratory
research. Let us begin with the what and end on the how.

In relation to the process/outcome accountability distinction, one aspect of Answer �� in the
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previous section is worth highlighting because it leads to my first recommendation. Recall that
the first component of Answer �� is the argument that process/outcome accountability effects
are highly variable. The basis of the argument are two sources of heterogeneity: flexibility in
operationalization/implementation and the open-ended and social nature of accountability
manipulations. But note that if we could assume that the published record provides an unbiased
reflection of all the research that was conducted, the combination of these heterogeneity sources
and relative uniformity in the main result would provide some cause for celebration. For it
would hint that the distinction between process and outcome acccountability has considerable
explanatory power—one that does not depend strongly on, for example, choosing this rather
than that operationalization of outcome accountability. Alas, this assumption is not tenable
(the second component of Answer ��), which suggests that a useful next step for future research
would be a literature review and a meta-analysis that would be based on a serious effort to
uncover and assess relevant research on process and outcome accountability that has not been
published. Such a project would help evaluate the validity of Answer ��. Relatedly, statistical
approaches that aim to assess the degree of publication bias could also prove helpful.

Another next step addressing the issue of heterogeneity of accountability effects would be to
conduct a larger study (involving a number of labs) with the aim of explicitly investigating
the magnitude of this issue. Recently, a “Many Labs” collaboration effort explored this very
question for a set of �� classic and contemporary findings in psychology (Klein et al., ����).
Each finding was tested in about half of the ��� samples (spanning more than �� ��� subjects
in total) and heterogeneity across samples, cultures, etc. was assessed in addition to the basic
average effect. This body of results would provide a useful source of benchmarks if a project of
this sort would be carried out in the accountability literature.

Of course, projects of this kind are resource-heavy. This would be even more true for typical
accountability studies, which do not lend themselves to quick administration requiring little
human involvement. Accordingly, in comparison to my first suggestion, this one is more
debatable and one may reasonably conclude that such a large investment of resources is not
warranted. Especially if, as Patil et al. (����) suggest, “the effects of process and outcome
accountability hinge less on the process–outcome distinction than they do on the social-
identity signals that accountability sends to employees about how managers view them.” But
for the researchers who do believe in the usefulness of the process-outcome distinction such a
project would be worthwhile.

Beyond the proces/outcome accountability distinction, the search for useful accountability
knowledge continues. An important direction for future research concerns the negative
consequences of accountability systems, especially those that are most likely and consequential
yet are also easy to miss or even run counter to intuition. In particular, the imposition of a
certain accountability system could have an unrecognized signaling component that would
lead to undesired behavior or depress desired behavior. For example, accountability systems
can provide information on the assumptions the management system designer is making about
the accountable individuals or information about the prevalence of a certain behavior. As Patil
et al. (����) note, these kind of signals could be consequential. Accordingly, an important type
of research question is how to introduce, frame, and position accountability systems so that
their benefits are maximized while the downsides are avoided.
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Another kind of undesirable behavior that can easily arise under accountability is defensive
decision making, which occurs when “professionals opt for the second-best option rather
than (what they believe to be) the best option for their organization or client in order to
protect themselves from potential negative consequences in the future” (Artinger et al., ����).
The phenomenon has received attention in medicine, where physicians frequently order
unneccessary diagnostic tests and engage in other behaviors that may fulfill a protective
function in case of undesired patient outcomes but are, on the whole, suboptimal (Studdert,
����). Among managers, Artinger et al. (����) investigated the prevalence of the phenomenon
in a large public administration in Germany and reported that one out of four of the most
important decisions in the previous year featured defensive decision making. An important
goal of accountability research is discovering how the presence and intensity of such “side
effects” can be minimized without losing the beneficial effects of accountability. Of course,
this goal extends beyond decision making; the tension between accountability and creativity,
for example, remains an important problem.

Apart from investigating the deleterious effects of accountability and ways of attenuating or
even eliminating such effects, another important research direction involves determining the
critical characteristics of positive effects of accountability that have been observed in laboratory
settings. This means answering the question: Which features of an accountability manipulation
must the management system designer replicate in order to obtain the reported benefits? For
example, the role of information (a)symmetry between the accountable individual and the
evaluating audience has, to the best of my knowledge, not been experimentally investigated yet.
In many laboratory settings in which positive effects of accountability have been demonstrated
this factor favors the evaluating audience (often the experimenter or their research assistant),
which has access to all relevant information. In contrast, in many real-world settings there is
at least some informational asymmetry running in the other direction, with the potential to
attenuate accountability benefits.

This brings us to the question of how. Apart from sharpening the ability to zero in on the
right kind of questions and generate useful, insightful, and precise theories, what can we do
to maximize the value of laboratory research on accountability (and more generally)? Is the
currentmodus operandi of laboratory research ideally suited to this aim or are there steps that
would enable faster cumulative progress while also being feasible? My basic position is that, in
answering this question, the appropriate level of analysis is not an individual research project
or paper but a larger body of work—a stream of literature, a research program. Actions that
might seem limited in value in the context of a single research project can be an important
driver of progress if they become common.

Some of the recommendations I put forward in Chapter � seem to belong in this category. For
example, the recommendation to openly share data and materials may seemmore trouble than
it is worth in the context of a given research project. But if applied widely, the practice facilitates
cumulative progress by making easier the conduct of replication studies and the testing of
novel hypotheses. Perhaps most importantly, it enables other researchers to carefully scrutinize
a given finding or claim. The recommendation to conduct replication studies provides another
demonstration. Conducting a replication study consumes resources that could be spent on an
original study with the potential to yield exciting novel findings. And a desire for exploration
and novel findings is perfectly justifiable. But if indulged fully, it results in a lack of replication
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studies and a literature that is poorer for it.

Next, I believe that increased collaboration and joint research efforts would go a long way to-
ward facilitating cumulative progress. Surely the value of laboratory research is not maximized
by a series of independent, small-N two-by-twos. This becomes increasingly true as time goes
by and more and more low-hanging fruit are picked and squeezed into cider. Accordingly, the
reach of laboratory research on accountability could be extended by larger-scale collaborative
efforts that can tackle more ambitious questions and provide stronger evidence than a series of
smaller, independent studies. Recent initiatives of this sort in psychology, such as the “Many
Labs” investigations (e.g. Klein et al., ����, ����; Ebersole et al., ����) and the “Psychological
Science Accelerator” project (Moshontz et al., ����), are therefore highly welcome develop-
ments and can serve as models. Although such projects are costly, they provide—at least for
some research questions—a more efficient approach over the long run. Moreover, it is not only
about truly large-scale projects that feature tens of different labs or groups of researchers and
thousands of participants; I believe important gains could also be made by collaborations on
a smaller scale. For example, an independent test of the same hypothesis by two (groups of)
researchers could already be highly informative.

Although there is a lot that individual researchers can do, there are limits. It is not just that
time and energy are limited; career-wise, rigor can be counterproductive if improper incentives
are in place. Smaldino and McElreath (����) show how a process of natural selection—in an
environment modeled after the current academic environment—can lead to a propagation of
poor research practices and a high false discovery rates. Importantly, this process “requires
no conscious strategizing nor cheating on the part of researchers.” Universities, funding
agencies, and academic journals therefore play an essential role; to ensure optimal progress
in (accountability) research, the accountability of (accountability) researchers needs to be
carefully considered and properly implemented. For example, journals could contribute by
incorporating a diverse set of publishing options (traditional reports, registered reports, brief
reports, theory papers, etc.) and other mechanisms that would counter publication bias.
And universities and funding agencies can contribute by devising appropriate evaluation
systems that go beyond publication and citation counts. In business, the recognition that
traditional financial performancemeasures are not enough led to the development of a balanced
scorecard, which features a richer set of lagging and leading indicators (Kaplan and Norton,
����). In science, the development of appropriate “scientific balanced scorecards” by the
relevant institutions may do more than anything else to facilitate cumulative progress. In
science, as in business, accountability reigns supreme.

�.� Recommendations for practice

Where does all this leave our management system designer? Thinking clearly about account-
ability is essential whenever complex human behavior needs to be predicted and influenced,
and experimental laboratory research can assist in this task by highlighting ideas that have
been subjected to some conceptual and empirical scrutiny. At the same time, there are reasons
to be skeptical of the output of the evolutionary process that operates in the current academic
environment (Smaldino and McElreath, ����). Furthermore, the social contingency model
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(Tetlock and Lerner, ����) and the results reported in this dissertation suggest accountability ef-
fects can be highly sensitive to implementation and context. Accordingly, the current academic
literature on accountability is better thought of as a source of ideas rather than a repository
of established knowledge. There is also the fact that current theorizing and empirical results
offer only limited guidance in setting up a real-world accountability system; ambiguity arises
in questions of implementation (which of the many ways of introducing process accountability
should I choose?) but also in questions of impact (just how much money will this save us?).
In decision making, being certain about the direction of an effect sometimes means little if
paired with great uncertainty about the magnitude.

In light of these observations, the greater contribution of experimental laboratory research to
the practice of the management system designer may in fact be not theory but method. On
this view, the management system designer would be well-advised to learn from the body
of knowledge on experimental design and learning from data (or collaborate with academic
researchers) and then use this knowledge when setting up and assessing the results of various
accountability initiatives. Just as the laboratory researcher attempts to capture the world in the
lab, so could the management system designer attempt to capture the lab in the world. Though
such efforts to rigorously evaluate accountability initiatives may not come easy or cheap, in
the long run they would likely lead to better outcomes than blindly trusting intuition, theory,
or even ideology (Tetlock et al., ����).

This view resonates with Campbell’s vision of the experimenting society (Campbell, ����, ����).
Expressing “great pessimism in the relevance of our theory for applied settings,” Campbell
suggested that the body of knowledge on experimentation and learning from data, “rather than
our disciplinary knowledge, is what we social scientists have to offer to the social policy process.”
At this moment in time, a similar conclusion seems to apply to the case of a management
system designer looking to learn from laboratory experimental research on accountability.
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Bates, D., Mächler, M., Bolker, B., and Walker, S. (����). Fitting Linear Mixed-Effects Models
Using lme�. Journal of Statistical Software, ��(�).

Beaulieu, P. R. (����). Commercial lenders’ use of accounting information in interaction with
source credibility. Contemporary Accounting Research; Toronto, ��(�):���.

Bernstein, E. and Waber, B. (����). The Truth About Open Offices. Harvard Business Review,
(November–December ����).

Biggs, S. F., Bedard, J. C., Gaber, B. G., and Linsmeier, T. J. (����). The effects of task size and
similarity on the decision behavior of bank loan officers. Management Science, ��(�):���–���.

Bol, J. C. (����). The Determinants and Performance Effects of Managers’ Performance
Evaluation Biases. The Accounting Review, ��(�):����–����.

Bouwmeester, S., Verkoeijen, P. P. J. L., Aczel, B., Barbosa, F., Bègue, L., Brañas-Garza, P.,
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Bröder, A. (����). Assessing the empirical validity of the "Take-the-best" heuristic as a model
of human probabilistic inference. Journal of Experimental Psychology: Learning, Memory,
and Cognition, ��(�):����–����.
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Journal of Experimental Psychology: Learning, Memory, and Cognition, ��(��):����–����.

DeCaro, M. S. and Van Stockum, C. A. J. (����). Ego depletion improves insight. Thinking &
Reasoning, �(�):�–��.
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Hüffmeier, J., Mazei, J., and Schultze, T. (����). Reconceptualizing replication as a sequence of
different studies: A replication typology. Journal of Experimental Social Psychology, ��:��–��.

Janis, I. L. and Mann, L. (����). Decision Making: A Psychological Analysis of Conflict, Choice,
and Commitment. Decision Making: A Psychological Analysis of Conflict, Choice, and
Commitment. Free Press, New York, NY, US.

Jarosz, A. F., Colflesh, G. J., and Wiley, J. (����). Uncorking the muse: Alcohol intoxication
facilitates creative problem solving. Consciousness and Cognition, ��(�):���–���.

John, L. K., Loewenstein, G., and Prelec, D. (����). Measuring the Prevalence of Questionable
Research Practices With Incentives for Truth Telling. Psychological Science, ��(�):���–���.

���



Kahn, B. E. and Baron, J. (����). An Exploratory Study of Choice Rules Favored for High-Stakes
Decisions. Journal of Consumer Psychology, �(�):���–���.

Kahneman, D. (����). Thinking, Fast and Slow. Farrar, Straus and Giroux.

Kämmer, J. E., Gaissmaier, W., Expt, U. C., et al. (����). The environment matters: Comparing
individuals and dyads in their adaptive use of decision strategies. Judgment and Decision
Making, �(�):���.

Kaplan, R. S. and Norton, D. P. (����). The Balanced Scorecard: Measures That Drive Perfor-
mance. Harvard Business Review, (January-February ����).

Kareev, Y. and Avrahami, J. (����). Choosing between Adaptive Agents: Some Unexpected
Implications of Level of Scrutiny. Psychological Science, ��(�):���–���.

Kass, R. E. and Raftery, A. E. (����). Bayes factors. Journal of the american statistical association,
��(���):���–���.

Kennedy, J. (����). Debiasing Audit Judgment with Accountability: A Framework and Experi-
mental Results. Journal of Accounting Research, ��(�):���.

Kim, S. and Trotman, K. T. (����). The comparative effect of process and outcome account-
ability in enhancing professional scepticism. Accounting & Finance, ��(�):����–����.

Klein, R. A., Ratliff, K. A., Vianello, M., Adams, R. B., Bahník, Š., Bernstein, M. J., Bocian,
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J. E., Grahek, I., Green, E. G. T., Hai, K., Haigh, M., Haines, E. L., Hall, M. P., Heffernan,
M. E., Hicks, J. A., Houdek, P., Huntsinger, J. R., Huynh, H. P., IJzerman, H., Inbar, Y.,
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Summary

Accurate judgment, adaptive decision making, and ability to find insightful solutions to chal-
lenging problems are some of the key qualities organizations aspire to instill in their members.
In the service of this goal, designers of management systems draw on a variety of approaches,
ranging from formal contracts to subtle “nudges.” At the core of many of these approaches
is the idea of accountability, the use of external scrutiny to bring about desired behavior and
outcomes. How should accountability be implemented to elicit optimal performance from
individuals? Does scrutinizing the process the accountable individual is using tend to yield
more accurate judgments and decisions than focusing strictly on the outcome? Does the answer
depend on the nature of the decision environment? Does the answer hold in the domain of
problems that call for insightful solutions? What are the cognitive and affective mechanisms
that mediate the differences in performance between process accountability and outcome ac-
countability? Are these effects robust or do they depend on currently insufficiently understood
moderating factors? This dissertation reports the results of a series of behavioral experiments
designed to shed light on these and related questions.

Chapters �, �, and � investigate the differences in performance between process and outcome
accountability. Chapter � explores multiple-cue judgment, seeking to replicate and extend
the finding that process accountability results in superior performance compared to outcome
accountability and that this effect is mediated by the more deliberate and systematic approach
of process-accountable individuals. The two chapters that follow seek to identify boundary
conditions for the superiority of process accountability by investigating insight problem solving
(Chapter �) and adaptive decision making (Chapter �). Apart from investigating performance
differences, these studies draw on self-report and process-tracing measures to shed light on
the underlying cognitive and affective processes. Overall, the results of these studies paint a
more favorable picture of outcome accountability compared to previous research, highlighting
boundary conditions for the superiority of process accountability and suggesting that some of
the reported results (concerning both performance and cognitive processing effects) may be
more variable than previously thought.

Finally, the research reported in Chapter � combines cognitive modeling and analysis of eye-
tracking data to investigate the decision-making strategies of professional loan officers who
operate in an environment in which the requirement to justify one’s decisions looms large.
The results of latent-mixture modeling suggest that loan officers tend to rely on informative-
intensive, compensatory decision-making strategies, and the analysis of information search
patterns afforded by eye-tracking data provides convergent evidence.

The work reported in this dissertation informs the debates about how accountability should be
structured to facilitate performance. But it also suggests that some changes to research practice
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would be beneficial. An important takeaway is that we should take seriously the possibility that
the reported findings are highly sensitive to variation in accountability implementation and
context. Independent replication attempts should be more common than they currently are.
Other developments that would facilitate cumulative progress include open science practices,
reuse of research materials, and larger-scale collaborative research. These practices would
speed up progress and make it more likely that academic work on accountability will, in time,
produce precise, robust, and genuinely useful guidelines for management system designers
implementing accountability in their organizations.
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Samenvatting

Nauwkeurig oordelen, adaptieve besluitvorming en het vermogen om inzichtrijke oplossingen
voor moeilijke problemen te vinden behoren tot de cruciale kwaliteiten die organisaties in
hun mensen proberen te bevorderen. Om dit doel te bereiken maken ontwerpers van manage-
mentsystemen gebruik van verschillende benaderingen, van formele contracten tot subtiele
“nudges.” Centraal in veel van deze benaderingen staat het idee van accountability, het gebruik
van externe onderzoeking om gewenst gedrag en uitkomsten te bewerkstelligen. Hoe moet
accountability gëımplementeerd worden om optimale prestaties uit personen te halen? Levert
het examineren van het proces dat de persoon gebruikt die accountable is meer nauwkeurige
oordelen en beslissingen op dan als men focust op de uitkomst? Hangt het antwoord af van de
aard van de beslissingsomgeving? Houdt dat antwoord ook stand in het domein van problemen
waar inzicht-oplossingen nodig zijn? Wat zijn de cognitieve en affectieve mechanismen die de
verschillen in prestaties tussen proces-accountability en uitkomst-accountability mediëren?
Zijn deze effect robuust of hangen deze af van momenteel onvoldoende bekende modererende
factoren? Dit proefschrift biedt de resultaten van een serie gedragsexperimenten die ontworpen
zijn om deze en aanverwante vragen te beantwoorden.

Hoofdstukken �, � en � onderzoeken de verschillen in prestaties tussen proces- en uitkomst-
accountability. Hoofdstuk � verkent de situatie van oordelen met meerdere aanwijzingen in
een poging de bevinding te repliceren en uit te breiden dat proces-accountability hogere
prestaties oplevert dan uitkomst-accountability en dat dit effect gemedieerd wordt door
de meer intentionele en systematische aanpak van proces-accountable personen. De twee
daaropvolgende hoofdstukken pogen de voorwaarden voor de relatief positieve effecten van
proces-accountability in kaart te brengen door inzichtrijke probleemoplossingen (Hoofdstuk
�) en adaptieve besluitvorming (Hoofdstuk �) te onderzoeken. Naast het onderzoeken van
verschillen in prestaties gebruiken deze studies zelf-gerapporteerde en proces-gerelateerde
metingen omde onderliggende cognitieve en affectieve processen te belichten. Samengenomen
bieden de resultaten van deze onderzoeken een positiever beeld van uitkomst-accountability
dan eerder onderzoek, door de voorwaarden voor de betere resultaten van proces-accountability
te belichten en door de mogelijkheid te overwegen dat sommige resultaten (omtrent zowel
prestaties als cognitieve effecten) meer variëren dan eerder werd aangenomen.

Tot slot combineert het onderzoek in Hoofdstuk � cognitieve modellen en een analyse van
eye-trackingdata om de besluitvormingsstrategieën te onderzoeken van professionele kredi-
etverstrekkers die werken in een omgeving waar de eis om hun beslissingen te verantwoorden
nadrukkelijk aanwezig is. De resultaten van latent-mixture-modellen suggereren dat kredi-
etverstrekkers vertrouwen op informatie-intense, compenserende besluitvormingsstrategieën,
en de analyse van patronen in het doorzoeken van informatie die door eye-tracking data
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mogelijk gemaakt wordt, biedt convergerend bewijs.

Het onderzoek dat in deze dissertatie gepresenteerd wordt, informeert het debat over hoe
accountability gestructureerd moet worden om goede prestaties te bevorderen. Maar het
suggereert ook dat enkele veranderingen in de manier van onderzoek doen nuttig kunnen zijn.
Een belangrijke conclusie is dat we de mogelijkheid serieus moeten nemen dat gepubliceerde
vondsten erg gevoelig zijn voor verschillen in de implementatie van accountability en in de
context. Onafhankelijke pogingen tot replicatie zoudenmeer gebruikelijkmoeten zijn dan ze nu
zijn. Andere ontwikkelingen die cumulatieve vooruitgang kunnen bevorderen zijn open science-
benaderingen, het hergebruiken van onderzoeksmaterialen en grootschaliger samenwerking in
onderzoek. Deze methoden zouden de vooruitgang versnellen en het waarschijnlijker maken
dat academisch werk over accountability met de tijd precieze, robuuste en werkelijk nuttige
richtlijnen opleveren voor de ontwerpers van managementsystemen die accountability in hun
organisaties implementeren.
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Aljaž Sluga was born in Postojna, Slovenia in ����. He
received his degree in psychology from the University
of Ljubljana in ����. After graduation and a tempo-
rary gig as a market research analyst, he worked as a
researcher at the Mind & Brain Lab at the University
of Ljubljana.

In ����, he started his PhD at the Rotterdam School
of Management and the Erasmus Research Institute of
Management, investigating accountability under the
supervision of Prof. dr. Frank G. H. Hartmann and Dr.
Maarten A. S. Boksem. During the PhD, he attended
and presented at academic conferences and conducted
workshops in academic and business settings.

In the academic year ����/����, he has a visiting posi-
tion at the Rotterdam School of Management. In ����,
he has started working as a data scientist at Studio
Moderna.

���



Portfolio

Papers in preparation

• Process and outcome accountability in multiple-cue judgment: two replication studies

• Decision making strategies of loan officers: modeling and eye-tracking evidence

Teaching

Thesis supervision

• Bachelor thesis supervision (����)

• Master thesis supervision (���� - ����)

Courses

• Neuroaccounting (����-����)

• Neuroaccounting and finance (����)

• Accounting Analytics (���� - ����)

���



Coursework

Regular ERIM courses

• Behavioral decision theory

• Programming

• English

• Presentation skills

• Statistical methods

• Developing theory and theoretical contributions

• Advanced statistical methods

• Philosophy of science

• Scientific integrity

• Publishing strategy

ERIM summer school courses

• My first Bayes

• Testing and interpreting moderation and mediation with SPSS

• Methods stumblers

The rest

• Gathering data to test accounting theories (Amsterdam, ����)

• Lund eye-tracking academy (Lund, ����)

• Applying multinomial processing tree models in experimental research (Rotterdam,
����)

• Bayesian modeling for cognitive science (Amsterdam, ����)

• Agent-based modeling (Eindhoven, ����)

���



ERIM PhD Series

The ERIM PhD Series contains PhD dissertations in the field of Research in Management
defended at Erasmus University Rotterdam and supervised by senior researchers affiliated to
the Erasmus Research Institute of Management (ERIM). All dissertations in the ERIM PhD
Series are available in full text through the ERIM Electronic Series Portal: http://repub.
eur.nl/pub. ERIM is the joint research institute of the Rotterdam School of Management
(RSM) and the Erasmus School of Economics (ESE) at the Erasmus University Rotterdam
(EUR).

Dissertations in the last four years

Ahmadi, S., A motivational perspective to decision-making and behavior in organizations, Pro-
motors: Prof. J.J.P. Jansen & Dr T.J.M. Mom, EPS-����-���-S&E, https://repub.eur.nl/
pub/116727

Akemu, O.,Corporate Responses to Social Issues: Essays in Social Entrepreneurship andCorporate
Social Responsibility, Promotors: Prof. G.M.Whiteman &Dr S.P. Kennedy, EPS-����-���-ORG,
https://repub.eur.nl/pub/95768

Albuquerque de Sousa, J.A., International stock markets: Essays on the determinants and
consequences of financial market development, Promotors: Prof. M.A. van Dijk & Prof. P.A.G.
van Bergeijk, EPS-����-���-F&A, https://repub.eur.nl/pub/115988

Alserda, G.A.G., Choices in Pension Management, Promotors: Prof. S.G. van der Lecq & Dr
O.W. Steenbeek, EPS-����-���-F&A, https://repub.eur.nl/pub/103496

Arampatzi, E., Subjective Well-Being in Times of Crises: Evidence on the Wider Impact of
Economic Crises and Turmoil on Subjective Well-Being, Promotors: Prof. H.R. Commandeur,
Prof. F. van Oort & Dr. M.J. Burger, EPS-����-���-S&E, https://repub.eur.nl/pub/
111830

Arslan, A.M., Operational Strategies for On-demand Delivery Services, Promotors: Prof. R.A.
Zuidwijk & Dr N.A. H. Agatz, EPS-����-���-LIS, https://repub.eur.nl/pub/126463

Avci, E., Surveillance of Complex Auction Markets: a Market Policy Analytics Approach, Pro-
motors: Prof. W. Ketter, Prof. H.W.G.M. van Heck & Prof. D.W. Bunn, EPS-����-���-LIS,
https://repub.eur.nl/pub/106286

Balen, T.H. van, Challenges of Early Stage Entrepreneurs: the Roles of Vision Communication
and Team Membership Change, Promotors: Prof. J.C.M. van den Ende & Dr M. Tarakci,

���

http://repub.eur.nl/pub
http://repub.eur.nl/pub
https://repub.eur.nl/pub/116727
https://repub.eur.nl/pub/116727
https://repub.eur.nl/pub/95768
https://repub.eur.nl/pub/115988
https://repub.eur.nl/pub/103496
https://repub.eur.nl/pub/111830
https://repub.eur.nl/pub/111830
https://repub.eur.nl/pub/126463
https://repub.eur.nl/pub/106286


EPS-����-���-LIS, https://repub.eur.nl/pub/115654

Bansraj, S.C., The Principles of Private Equity: Ownership and Acquisitions, Promotors: Prof.
J.T.J Smit & Dr V. Volosovych, EPS-����-���-F&A, https://repub.eur.nl/pub/132329

Bavato, D.,With New Eyes: The recognition of novelty and novel ideas, Promotors: Prof. D.A.
Stam & Dr. S. Tasselli, EPS-����-���-LIS, https://repub.eur.nl/pub/134264

Bernoster, I., Essays at the Intersection of Psychology, Biology, and Entrepreneurship, Promotors:
Prof. A.R. Thurik, Prof. I.H.A. Franken & Prof. P.J.F Groenen, EPS-����-���-S&E, https:
//repub.eur.nl/pub/113907

Blagoeva, R.R., The Hard Power Of Soft Power: A behavioral strategy perspective on how
power, reputation, and status affect firms, Promotors: Prof. J.J.P. Jansen & Prof. T.J.M. Mom,
EPS-����-���-S&E, https://repub.eur.nl/pub/127681

Bouman, P., Passengers, Crowding and Complexity: Models for Passenger Oriented Public
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Hour of Judgment
On judgment, decision making, and problem solving 
under accountability

ALJA! SLUGA
Accurate judgment, adaptive decision making, and ability to fi nd insightful solutions to challenging 
problems are some of the key qualities organizations aspire to instill in their members. In the service 
of this goal, designers of management systems draw on a variety of approaches, ranging from formal 
contracts to subtle “nudges.” At the core of many of these approaches is the idea of accountability, 
the use of external scrutiny to bring about desired behavior and outcomes. How should accountability 
be implemented to elicit optimal performance from individuals? Does scrutinizing the process the 
accountable individual is using tend to yield more accurate judgments and decisions than focusing strictly 
on the outcome? Does the answer depend on the nature of the decision environment? Does the answer 
hold in the domain of problems that call for insightful solutions? What are the cognitive and a! ective 
mechanisms that mediate the di! erences in performance between process accountability and outcome 
accountability? Are these e! ects robust or do they depend on currently insu"  ciently understood 
moderating factors? This dissertation reports the results of a series of behavioral experiments designed to 
shed light on these and related questions.

The Erasmus Research Institute of Management (ERIM) is the Research School (Onderzoekschool) in 
the fi eld of management of the Erasmus University Rotterdam. The founding participants of ERIM are the 
Rotterdam School of Management (RSM), and the Erasmus School of Economics (ESE). ERIM was founded 
in 1999 and is o"  cially accredited by the Royal Netherlands Academy of Arts and Sciences (KNAW). The 
research undertaken by ERIM is focused on the management of the fi rm in its environment, its intra- and 
interfi rm relations, and its business processes in their interdependent connections.

The objective of ERIM is to carry out fi rst rate research in management, and to o! er an advanced doctoral 
programme in Research in Management. Within ERIM, over three hundred senior researchers and PhD 
candidates are active in the di! erent research programmes. From a variety of academic backgrounds and 
expertises, the ERIM community is united in striving for excellence and working at the forefront of creating 
new business knowledge.
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