

[image: image1]
What You Don’t Know Can Hurt You: Uncertainty Impairs Executive Function












	 
	ORIGINAL RESEARCH
published: 06 October 2020
doi: 10.3389/fpsyg.2020.576001





[image: image]

What You Don’t Know Can Hurt You: Uncertainty Impairs Executive Function

Jessica L. Alquist1*, Roy F. Baumeister2, Dianne M. Tice3 and Tammy J. Core1

1Psychological Sciences, Texas Tech University, Lubbock, TX, United States

2Department of Psychology, The University of Queensland, Brisbane, QLD, Australia

3Department of Psychology, Brigham Young University, Provo, UT, United States

Edited by:
Nicolas Silvestrini, Université de Genève, Switzerland

Reviewed by:
Paola Arnaboldi, Cantonal Sociopsychiatric Organization (OSC), Switzerland
Sylvain Laborde, German Sport University Cologne, Germany

*Correspondence: Jessica L. Alquist, jessica.alquist@ttu.edu

Specialty section: This article was submitted to Performance Science, a section of the journal Frontiers in Psychology

Received: 24 June 2020
Accepted: 11 September 2020
Published: 06 October 2020

Citation: Alquist JL, Baumeister RF, Tice DM and Core TJ (2020) What You Don’t Know Can Hurt You: Uncertainty Impairs Executive Function. Front. Psychol. 11:576001. doi: 10.3389/fpsyg.2020.576001

Three studies demonstrated that situational uncertainty impairs executive function on subsequent unrelated tasks. Participants were randomly assigned to either uncertain situations (not knowing whether they would have to give a speech later, Studies 1-2; uncertain about how to complete a task, Study 3) or control conditions. Uncertainty caused poor performance on tasks requiring executive function that were unrelated to the uncertainty manipulation. Uncertainty impaired performance even more than certainty of negative outcomes (might vs. definitely will have to make a speech). A meta-analysis of the experimental studies in this package found that the effect is small and reliable. One potential explanation for this effect of uncertainty on executive function is that uncertainty is a cue for conserving effort.
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INTRODUCTION

Uncertainty is a common experience for decision-makers in many contexts, including health care (e.g., Babrow et al., 1998; Han et al., 2011), business (Erdem and Keane, 1996; Bloom et al., 2018), military conflict (Posen, 2016), environmental protection (Ascough et al., 2008; Polasky et al., 2011), government economic policy (Stockhammer and Grafl, 2010), real estate (Thanh et al., 2018), and sports (Knobloch-Westerwick et al., 2009). Elucidating the effects of uncertainty could therefore have practical value as well as build scientific theory. If uncertainty itself causes cognitive fatigue, that could impair effortful decision-making — quite possibly in ways of which the decision maker would be unaware. The present research is designed to test the hypothesis that uncertainty impairs executive function.


Executive Function and Ego Depletion

Executive functions are the top-down processes required to change or override automatic responses (Diamond, 2013). Executive function is required for processes such as decision-making, self-control, and initiative (Baumeister, 2002). The hypothesis that executive function can be impaired because of low energy, akin to the folk notion of willpower, was proposed in the 1990s (e.g., Baumeister et al., 1998; Muraven et al., 1998). The state of impaired performance was dubbed ego depletion. Over the past two decades, hundreds of studies were published showing various kinds of ego depletion effects (for reviews, see Hagger et al., 2010; Baumeister and Vohs, 2016). Recently, there has been a lively debate about the existence, effect size, and mechanism of the ego depletion effect (Beedie and Lane, 2012; Kurzban et al., 2013; Inzlicht et al., 2014, 2015; Xiao et al., 2014; Carter et al., 2015; Inzlicht and Berkman, 2015; Cunningham and Baumeister, 2016; Dang, 2016, 2017; Hagger et al., 2016; Lurquin et al., 2016; Dang et al., 2017, 2020; Garrison et al., 2019). Ego depletion can be replicated in many contexts and laboratories but also does not occur invariably, and so extending the theory to include moderating factors and parallel processes is a high priority.

Multiple studies have extended ego depletion to decision-making. Vohs et al. (2014) showed that making effortful decisions led to subsequent impairments in executive function. Pocheptsova et al. (2009) showed, conversely, that ego depletion stemming from effortful tasks impaired subsequent decision making, effectively shifting people toward low-effort responses to decision dilemmas. They found that depleted participants maximized on a single dimension rather than integratively compromising to maximize across multiple dimensions, they postponed decisions, and they failed to think carefully so as to prevent logically irrelevant information from biasing their choices. Making decisions impairs executive function, and previous acts of executive function impair decision-making.

The initial theorizing about ego depletion assumed that executive function was impaired because the person’s energy had been expended and was too low to permit further exertions. That view is no longer considered tenable. A variety of moderators have been shown to reduce or eliminate the effects of depletion. If participants performed poorly on a second executive function task because they were truly unable to control themselves, factors such as motivation on the second task (Muraven and Slessareva, 2003; Park et al., 2008; Vohs et al., 2012), self-affirmation (Schmeichel and Vohs, 2009), and positive affect induced between tasks (Tice et al., 2007) would be unlikely to eliminate ego depletion effects (Inzlicht and Schmeichel, 2012). Participants’ likelihood of failing at self-control is also increased by believing self-control is limited (Job et al., 2010; but cf. Vohs et al., 2012) and by believing one has expended energy on a previous task (Clarkson et al., 2010). Beliefs about the nature of self-control or the task one has completed would be unlikely to moderate the effect of a first task on a second task if the resource was “used up” and unavailable for further exertion.

Some recent theories of ego depletion suggest that the effect of a first task on a second is due to cost-benefit calculations, or a combination of such calculations and limited resources (Beedie and Lane, 2012; Kurzban et al., 2013; Inzlicht et al., 2014; Shenhav et al., 2017; André et al., 2019). There is evidence that ego depletion effects observed in the lab are due to conservation, not a thoroughgoing exhaustion of a resource. The self may have expended some energy and though it is far from being entirely out of fuel it seeks to conserve what remains. Previous research on conservation has shown that when participants have already expended effort and anticipate additional tasks requiring self-control, they perform worse on the current task and better on the anticipated task than participants who are surprised with an additional task (Muraven et al., 2006). One reason people fail at sequential executive function tasks may be that once they have expended some effort, they begin to conserve their remaining energy for future tasks that may have high priority. In this way, mental energy is similar to physical energy, in which muscles feel tired and athletes begin conserving their energy long before their muscles even approach true exhaustion (Evans et al., 2015).



Uncertainty

There are hundreds of published laboratory studies on ego depletion, but most of them have induced the state by requiring participants first to engage in a task requiring self-control. We sought to broaden the potential focus of this area by showing that encountering uncertainty can cause impairments in executive function similar to those caused by a task specifically designed to be effortful. Determining other ways of producing depletion-like effects may provide additional information about the mechanism of the effect (Milyavskaya et al., 2019).

Uncertainty involves an individual lacking important information (Bar-Anan et al., 2009). One may lack information about whether, when, or where something will happen, or what will happen. One may have multiple pieces of conflicting information and lack information about which is true or should be weighted most heavily. One may know the details of the situation but be uncertain about how best to respond effectively.

Uncertainty may cue conservation via The Behavioral Inhibition System. The Behavioral Inhibition System is a motivational system that becomes activated in response to situations that are conflicted or uncertain and pauses progress on uncertain or conflicted goals (Gray and McNaughton, 2000; Corr et al., 2013; Hirsh and Kang, 2016). Halting progress when circumstances are uncertain can protect an organism from encountering harm (trying to get a piece of food a predator is guarding), and it can preserve energy for the yet-undetermined demands of the situation. Previous research has shown that thinking about an issue about which one was uncertain impairs task performance through activation of the Behavioral Inhibition System (Alquist et al., 2018).

A recent review of animal research by Anselme and Güntürkün (2018) showed that in environments marked by uncertainty about food, animals shifted toward conservation strategies, including caching and hoarding food, eating more, and gaining weight. Thus, uncertainty causes conservation of energy resources even in quite simple animals. Such animals are presumably unable to engage in complex projections of multiple possible futures (or, indeed, cost-benefit calculations amid multiple alternatives). Indeed, a recent experiment showed that even humankind’s closest and presumably highly intelligent ape relatives were unable to learn to understand the future as containing multiple alternative possibilities — unlike human children, who quickly grasped the multiplicity of alternatives (Redshaw and Suddendorf, 2016). Responding to uncertainty therefore does not require complex understanding, and the impulse to conserve resources in response to uncertainty may be unconscious and automatic.

Energy conservation would likely be an adaptive response to uncertainty. Presumably people (like other animals) evolved to conserve energy because one could not be sure of always having enough resources. Inadequate energy exposed one to multiple risks, including impaired immune function and death. The more uncertain the future, the more adaptive it would be to conserve energy generally so as to be able to cope with unknown developments. If ego depletion typically occurs because the human body is reluctant to expend energy that it might need later on, then uncertainty should heighten this tendency because it heightens the possibility of future demands. By definition, uncertainty means not knowing what to expect — and so it is impossible to know how much energy will be required. Therefore, the adaptive response to uncertainty would be to conserve.



Present Research

Our studies manipulated initial exposure to uncertainty and then measured self-regulatory performance. In Studies 1 and 2, we randomly assigned participants to be either certain or uncertain about what they would be doing later in the study and measured executive function using a skill-based game, namely Operation (Study 1), and solvable anagrams (Study 2). In Study 3, we randomly assigned participants to be uncertain or certain about how to respond to task prompts by making the instructions mismatched to the response situation, and then measured their subsequent executive function by measuring persistence on unsolvable puzzles. We also report a meta-analysis testing whether the effect is reliable across all measures. These manipulations are a departure from much of the previous research on depletion, because we are not directly manipulating how effortful the initial task is.

Social psychology has recently shifted toward new methodological criteria, including pre-registration of methods and hypotheses, and larger samples. This research was conducted prior to those changes, back when the best practices emphasized convergence across multiple methods in different studies. Publication was delayed because we sought to establish the mediating process based on the initial theory that uncertainty would evoke extra mental work and emotion regulation to account for multiple alternative possibilities. We were unable to find evidence of that mechanism. A complete list of the mediators and moderators tested in these studies is presented in the Supplementary Materials. The revised theory, that uncertainty serves as a cue to stimulate conservation, has emerged as a more plausible alternative, particularly in light of the recent review by Anselme and Güntürkün (2018).




STUDY 1: OPERATING UNDER UNCERTAINTY

Study 1 experimentally manipulated uncertainty in order to test whether uncertainty impaired executive function. The type of uncertainty being tested in this study involved uncertainty in which the participant was waiting for important information. Specifically, participants in the uncertain condition were left uncertain about whether they would have to give a speech later in the study (Core et al., 2018). Participants in the certain conditions were either told that they would soon have to give a speech or were told that they would not have to give a speech.

Expecting to give a speech is a highly aversive and stressful circumstance for many people. Previous research has shown that participants assigned to anticipate and then give a speech had an increased heart rate and cortisol as compared to baseline (Kirschbaum et al., 1993). Expecting a speech has been shown to affect participant’s performance on tasks requiring executive function. Participants assigned to anticipate giving a speech learn more slowly on the Iowa Gambling task (Preston et al., 2007) and score lower on decision-making tasks (Starcke et al., 2008). A simple prediction would be that the aversiveness of the experience, and therefore the degree of impairment, would be felt in direct proportion to the anticipated likelihood of the aversive (speech) outcome. Thus, definitely having to give a speech would be the worst, definitely not having to speak would be the best, and uncertainty would fall in between. In order to show that uncertainty per se was depleting, we predicted that uncertainty would be at least as detrimental to subsequent executive function as the certain expectation of having to speak.

Executive function was measured using the board game Operation, which has been used in previous studies (e.g., DeWall et al., 2008; Englert and Bertrams, 2013). The game requires participants to remove pieces from a board as quickly and with as few errors as possible. Inhibition is required for participants to stay focused on the task and carefully avoid making errors. Balancing the need to finish things quickly and the desire to do them well is relevant in everything from meeting deadlines at work to performing non-board-game surgery to getting a manuscript submitted to a scientific journal. We predicted that participants who were uncertain about whether they would be giving a speech would make more errors and take more time to complete the task than participants in the no speech condition — and would also be equal to or worse than participants in the definite speech condition.


Method


Participants

Fifty participants (22 women; 28 men) participated in this study in exchange for course credit. Four participants were excluded from the final sample: two participants who reported knowing there were no other participants in the experiment; one participant who came into the lab very sick; and one participant who arrived too late to complete the study. The final sample had an average age of 19.87 (SD = 4.87). 10.9% identified as Latino or Hispanic Latino. Participants’ races were 4.3% Asian,13.6% Black or African American, 78.3% white, 2.2% more than one race and 2.2% unknown or not reported.



Procedure


Uncertainty manipulation

All participants were told that some participants would be giving speeches while other participants rated those speeches (Core et al., 2018). They were told that they would be completing the communication task later in the study, but to save time, they would be assigned their condition now. In the speech and no speech conditions, participants were told, “You are participant number ___, and it says here that you are in the speech (no speech) condition. Let’s start on the intelligence task, and when you’re done, we’ll move to another room for the communication task.” In the uncertain condition, the experimenter acted flustered and said, “Hmm. You are supposed to be participant number ___, but I don’t see your number on here anywhere. I have a master sheet in the other room with all the numbers on it. I’m going to start you on the next task, and I’ll go get the sheet while you are working.” This left the participants in the uncertain condition uncertain about whether they would be giving a speech later in the study.



Executive function


Operation

Executive function was measured using the board game Operation (DeWall et al., 2008). Participants were told they were doing the Operation task as a measure of hand-eye coordination. Each participant was asked to try removing one piece for practice before the task began. Participants were asked to remove all the pieces from the board as quickly as possible. The experimenter recorded the time the participant spent working and the number of times the participant sounded the buzzer by hitting the sides of a piece’s space on the game board. For consistency across all studies, we report each measure (e.g., time and errors; number attempted and solved) separately rather than computing composite scores (DeWall et al., 2008, 2011).




Competence

We worried that participants may have withheld effort in the uncertain condition because they viewed the experimenter as incompetent (given that the experimenter did not know the condition). In order to test this possibility, participants were asked to respond to the question, “How competent was the researcher who administered your study today?” on a scale of 1 (not at all) to 5 (extremely). Responses were made on the computer to reduce participants’ concern that the experimenter would see their responses.



Additional measures

In addition to the measures reported here, exploratory mediators and moderators that were included in this and the following studies are reported in the Supplementary Materials.





Data Analyses

We conducted ANOVAs comparing the means in the three conditions on errors, time, and perceived experimenter competence. We also conducted planned comparisons between individual conditions.



Results


Operation Performance

As predicted, ANOVA revealed a significant difference among conditions on the number of errors participants made (i.e., the number of times they sounded the buzzer), F(2, 43) = 4.14, p = 0.02, η2 = 0.16, 90% CI[0.01, 0.30], See Table 1. Planned comparisons revealed that participants in the uncertain condition (M = 21.92, SD = 5.84) made significantly more errors than participants in the no speech condition (M = 15.92, SD = 7.50), t(43) = 2.15, p = 0.04, d = 0.86, 95% CI[0.05, 1.66]. Planned comparisons also indicated that participants in the uncertain condition made significantly more errors than participants in the speech condition (M = 15.10, SD = 7.29), t(43) = 2.77, p = 0.01, d = 0.98, 95% CI[0.25, 1.69].


TABLE 1. Study 1: Means and standard deviations across uncertainty conditions on errors and time during the operation task.

[image: Table 1]
There was no significant difference among conditions on the amount of time participants took to complete the Operation task, F(2, 43) = 0.29, p = 0.75, η2 = 0.01, 90% CI[0.00, 0.08]. There was also no significant relationship between the time participants took and the number of errors they made, r = 0.09, p = 0.56, 95% CI[-0.21, 0.37]. Thus, it appears that only the error measure was sensitive to the manipulation, and how long it took participants to finish it was relatively unaffected by it.



Competence

There were no differences among conditions in participants’ perceptions of the experimenter’s competence, F(2, 43) = 0.86, p = 0.43, η2 = 0.04, 95% CI[0.00, 0.16]. There was also no correlation between perceived experimenter competence and the time participants spent or the number of errors they made on the Operation task, all p’s > 0.54.




Discussion

Participants who were uncertain about whether they would have to give a speech made significantly more errors on the Operation task than both participants who knew they would not have to give a speech and participants who knew they would have to give a speech. There were no differences between conditions in time spent on the task. We acknowledge that multiple values resulting from the dependent variable increase the risk of Type 1 error. In order to address this concern, we include all values (for example, in this study, number of errors and time spent) for dependent variables in the meta-analysis of studies on page 17.

Participants who were uncertain about whether they would have to give a speech showed poorer executive function than participants who knew for sure that they would have to give a speech. This suggests that, as far as executive function is concerned, it is actually better to be sure of a negative outcome than to know a negative outcome is possible.

A possible alternative explanation for the predicted results would be that participants in the uncertain condition inferred that the experimenter was incompetent, based on the experimenter in that condition not knowing what treatment had been assigned to them. This alternative was not supported by the ratings of the experimenter competence, which showed no difference by condition.




STUDY 2: UNCERTAINTY AND SOLVABLE ANAGRAMS

Study 1 found evidence that waiting to find out if one was giving a speech impaired executive function more than knowing one would have to give a speech. Study 2 was designed to extend this effect to another measure of executive function, as a conceptual replication.

Participants’ executive function was measured using a series of solvable anagrams. Working through a daunting task under the pressure of a deadline demands that people use executive function to avoid distractions and to focus their attention on the task at hand. Solving anagrams also requires working memory because it involves trying letter combinations in different orders. Maintaining focus and persevering despite failure also requires inhibition for successful anagram performance. Anagram attempts have been used as a measure of executive function in previous research (Muraven et al., 1998), and we specifically used solvable anagrams because we wanted to include a measure for which success was possible.


Method


Participants

Ninety-two participants (70 women; 22 men) participated in this study in exchange for course credit. Three participants were excluded from the final sample because they reported knowing that they would not have to give a speech. The final sample was 22.4% Hispanic or Latino. Participants’ race representation was: 1% American Indian/Alaska Native, 2% Asian, 3.1% Black, 69.4% White, 6% More than one race, 18.5% Unknown or not reported. Participants’ mean age was 18.35 (SD = 0.80).



Measures and Procedure


Uncertainty manipulation

Uncertainty was manipulated using the same procedure as in Study 1.



Executive function

In order to measure participants’ executive function, participants were given a set of fifty solvable five-letter anagrams and were asked to solve as many as possible in ten minutes. There was a blank line next to each anagram where participants were asked to put their solution. Any line on which the participants wrote an attempted solution was coded as an attempted anagram, and each anagram solved correctly was considered a completed anagram.



Self-reported uncertainty

After working for ten minutes on the anagrams, participants were asked to answer some questions before they began the speech task. Participants were asked to respond to the statement, “Earlier in the study, I was uncertain about whether or not I‘d be giving a speech” on a scale of 1 (strongly disagree) to 9 (strongly agree).




Data Analyses

We ran ANOVAs comparing the means in the three conditions on anagrams attempted, anagrams solved, and self-reported uncertainty. We also ran planned comparisons between individual conditions.




Results


Anagram Performance

ANOVA revealed a significant effect of condition on the number of anagrams participants attempted, F(2, 86) = 3.59, p = 0.03, η2 = 0.08, 90% CI[0.004, 0.17], See Figure 1. Participants in the uncertain condition (M = 11.37, SD = 5.38) attempted significantly fewer anagrams than participants in the no speech condition (M = 15.07, SD = 8.21), t(86) = 2.18, p = 0.03, d = 0.54, 95% CI[0.05, 1.03]. Participants in the uncertain condition also attempted significantly fewer anagrams than participants in the speech condition (M = 15.57, SD = 7.48), t(86) = 2.26, p = 0.03, d = 0.61, 95% CI[0.07, 1.14]. This replicates the finding from Study 1 that executive function suffered more when participants knew a bad outcome was possible than when they knew the same outcome was definite.
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FIGURE 1. Anagrams solved and attempted by condition in study 2. Error bars show standard errors.


The effect of condition on the number of anagrams solved was not significant, F(2, 86) = 2.49, p = 0.09, η2 = 0.05, 90% CI[0.00, 0.13]. Planned comparisons showed that participants in the uncertain condition (M = 9.70, SD = 5.52) solved significantly fewer anagrams than participants in the no speech condition (M = 13.54, SD = 7.99), t(86) = 2.17, p = 0.03, d = 0.53, 95% CI[0.04, 1.02]. Although participants in the uncertain condition solved fewer anagrams than those in the definite speech condition, (M = 12.19, SD = 8.69), the results were not significant, t(86) = 1.29, p = 0.20, d = 0.35, 95% CI[-0.18, 0.88]. The difference between the speech and no speech conditions was also not significant, t(86) = 0.89, p = 0.38, d = 0.26, 95% CI[-0.31, 0.82].

Thus, participants who were uncertain about whether they would have to give a speech attempted fewer anagrams than participants in the speech and no speech conditions and solved fewer anagrams than participants in the no speech condition.



Self-Reported Uncertainty

ANOVA revealed a significant degree of variation among conditions in how uncertain participants reported feeling about their role in the communication task, F(2, 86) = 4.26, p = 0.02, η2 = 0.09, 90% CI[0.01.18]. Planned contrasts revealed that participants in the uncertain condition (M = 7.17, SD = 2.01) reported feeling more uncertain than participants in the no speech condition (M = 5.61, SD = 2.64), t(86) = 2.87, p = 0.005, d = 0.77, 95% CI[0.23, 1.31]. Although the means were in the predicted direction, participants in the uncertain condition did not report feeling significantly more uncertain than participants in the speech condition (M = 6.81, SD = 1.94), t(86) = 0.61 p = 0.54, d = 0.15, 95% CI[-0.33, 0.63].




Discussion

Participants who were uncertain about whether they would have to give a speech made significantly fewer attempts to solve the anagrams than both participants who knew they would not have to give a speech and participants who knew they would have to give a speech. Thus, once again, uncertainty in the form of possibly bad news produced worse performance than definite bad news. Uncertain participants also solved fewer anagrams than those in the no speech condition and those in the definite speech condition, though the last difference was not significant. These results provide evidence that uncertainty about what one will be required to do impairs people’s performance on subsequent measures of executive function.

Participants in the uncertain condition reported being significantly more uncertain than participants in the no speech condition. Those in the definite speech condition reported levels of uncertainty intermediate between the two (and not significantly different from either). Participants in the speech condition may have reported uncertainty about their potential performance on the speech task rather than uncertainty about which task they would be completing.




STUDY 3: RESPONSE UNCERTAINTY

Study 3 manipulated uncertainty by giving participants a task where it was either clear how they should respond (control condition) or unclear how they should respond (uncertain condition). Participants were briefly shown a colored square on the computer. They were then asked to complete the math problem associated with the color they just saw. For example, participants saw a yellow square for one second and then the instructions on the computer read “Please complete the equation associated with the color you just saw: Blue: 2 × 6; Green: 12 × 3; Yellow: 10 × 7; Red: 9 × 9.” For participants in the control condition, all twenty trials showed colored squares that fit clearly into the four categories provided (blue, green, yellow and red). However, for participants in the uncertain condition, twelve of the twenty trials included colors that did not fit the colors provided (e.g., orange, blue-green, purple). We predicted that participants who performed the unclear task would feel significantly more uncertain than participants who were given the clear task — and this uncertainty would carry over to cause impairments in performance on a subsequent, unrelated task.

Executive function was measured using persistence on puzzles that (unbeknownst to participants) were unsolvable. Persistence on a difficult (in this case, impossible) task requires inhibition because individuals have to override the impulse to quit (Baumeister et al., 1998). Executive function includes the effortful overriding of one’s responses, particularly with the goal of changing them according to some standard. Persistence requires overriding any desire to quit in order to force oneself to keep striving despite discouragement and failure. Because the tasks were unsolvable, discouragement and failure would continue unabated as long as the person persisted. We predicted that participants who were given the unclear version of the task would subsequently spend significantly less time persisting on the puzzles and make fewer attempts to solve the puzzle than participants who were given the clear version of the task. We also predicted that this relationship would be mediated by participants’ self-reported uncertainty from the first task.


Method


Participants

Fifty-one participants (15 men, 36 women) participated in this study in exchange for course credit. One participant was excluded from analyses for recognizing that the puzzle was unsolvable. The final sample had an average age of 18.65 (SD = 1.41).



Procedure


Uncertainty manipulation

The uncertainty manipulation was programed using MediaLab research software (Jarvis, 2006). The experimenter told participants that the purpose of the study was to understand how people reason through different kinds of puzzles. Participants were shown a square of color on the computer screen for one second. They were then shown the names of four colors next to four math problems and were asked to complete the math problem associated with the color of the square they had seen previously. Participants in the control condition saw colors that clearly matched the colors listed for all twenty trials. Participants in the uncertain condition were shown colors that did not clearly fit the colors listed (e.g., blue-green) for twelve of the twenty trials.

To prevent participants from stopping to ask about the ambiguous colors, participants were told that they would be timed and should work as quickly as possible. To increase participants’ motivation to do well, all participants were told they would earn twenty-five cents each time they answered correctly, and they could earn up to five dollars on the task. At the end of the study, all participants were given $5.



Executive function


Persistence

After completing the colored square task, participants were given an unsolvable tracing puzzle as a measure of executive function (Baumeister et al., 1998). In order to convince participants that the puzzle was solvable, the experimenter completed a solvable tracing puzzle in front of the participant as an example. Participants were given the instructions from Baumeister et al. (1998), and were told that if they wished to stop before they finished, they should ring the bell on the table. Participants were provided with a stack of paper containing many copies of the same unsolvable puzzle and a highlighter. The experimenter left the room, and began timing the amount of time the participant persisted before ringing the bell. Any participant still working after 30 minutes was interrupted and asked to continue with the rest of the study (3 participants worked until the limit: 1 in the uncertain condition, 2 in the control condition). Each copy of the puzzle that was marked with the highlighter was coded as one attempt to solve the puzzle.




Manipulation check

After the unsolvable puzzle, participants were asked to respond to the question, “When you were completing the task with the colored squares and the math problems, how uncertain did you feel?” on a scale of 1 (not at all uncertain) to 5 (very uncertain). Last, participants were probed for suspicion, debriefed about the purpose of the study, paid, and dismissed.




Data Analysis

We ran t-tests comparing the uncertain and control conditions on puzzle attempts, time, and self-reported uncertainty. We also tested whether the effects of condition on attempts and time were mediated by self-reported uncertainty.




Results


Executive Function


Persistence

There was a significant difference between the uncertain and control conditions on the number of attempts made at solving the unsolvable tracing puzzle, t(48) = 2.28, p = 0.03, d = 0.63, 90% CI[1.05, 16.86], See Table 2. As predicted, participants who had been given the ambiguous task subsequently made fewer attempts (M = 18.00, SD = 11.41) than participants in the control condition (M = 26.95, SD = 16.38). A parallel effect was found for the measure of time spent working on the puzzles, but it was not significant, t(48) = -1.73, p = 0.09, d = 0.49, 95% CI[-8.46,0.63]. Participants in the uncertain condition (M = 10.61 minutes, SD = 7.35) spent less time on the unsolvable tracing puzzle than participants in the control condition (M = 14.53 minutes, SD = 8.63).


TABLE 2. Study 3: Means and standard deviations across conditions on attempts and time on unsolvable puzzles and on self-reported uncertainty.
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Manipulation Check

There was a significant difference between the uncertain and control conditions in how uncertain participants felt about the first task, t(48) = 3.42, p = 0.001, d = 0.97, 95% CI[0.36, 1.37]. Participants in the ambiguous color condition (M = 2.68, SD = 0.86) reported being significantly more uncertain about the task than participants in the control condition (M = 1.82, SD = 0.91). Thus, the manipulation had the intended effect.



Mediation

Self-reported uncertainty was negatively correlated with both the number of attempts, r = -0.28, p = 0.05, and the amount of time people spent on the unsolvable puzzle, r = -0.42, p < 0.01. We tested the mediating effect of condition on the dependent variables through self-reported uncertainty using the method recommended by Preacher and Hayes (2004). The indirect effect of condition on time persisting was estimated to be 164.67, 95% CI [58.72, 403.53]. Because the confidence interval does not include zero, this suggests that the indirect effect of condition on time persisting through self-reported uncertainty was significant. The indirect effect of condition on number of puzzle attempts through self-reported uncertainty was estimated at 2.19, 95% CI [-1.55, 6.65]. Because the confidence interval contains zero, this indicates that the indirect effect of condition through self-reported uncertainty on puzzle attempts was not significant.

The amount of uncertainty participants felt about the task mediated the relationship between their assigned condition and how long they persisted on the subsequent unsolvable puzzles, but not on how many attempts they made to solve the puzzle. This suggests that condition decreased time persisting by increasing uncertainty.




Discussion

Study 3’s results converged with those of the first two studies, despite changes in both manipulation and dependent measure. We found once again that uncertainty impaired subsequent executive function. Participants who performed one task hampered by unclear, ambiguous instructions later quit more quickly on a separate, unrelated task, as compared to people for whom the initial instructions could be clearly and easily followed.

It is possible that other differences between the uncertain and certain condition (such as task difficulty) could have contributed to the poorer performance on the second task. However, the effect of condition on executive function was mediated by how uncertain participants reported feeling, which suggests that uncertainty is at least part of the reason for impaired performance on the subsequent task. The manipulation check indicated that the manipulation increased uncertainty, though not to extreme levels (2.68 out of maximum 5). This suggests that even a moderate amount of uncertainty is enough to impair executive function.




META-ANALYSIS

We conducted a meta-analysis to test the effect of uncertainty on executive function across studies. When two outcomes were measured (e.g., time persisting and number of attempts), both were included in the analyses for significance, and the effect sizes were combined following the guidelines for combining dependent effects (Rosenthal and Rubin, 1986). For studies with multiple contrasts, the comparison between the uncertain and speech conditions (the more conservative test) was used. We found that the effect of uncertainty on executive function was reliable, Z = 4.67, p < 0.001, and the effect size was small, r = 0.101.



GENERAL DISCUSSION

Three studies provided evidence that uncertainty impaired performance on subsequent self-control tasks, even though those tasks had no logical relationship to the previous experience of uncertainty. Participants who were left uncertain about whether they would have to give a speech showed impaired performance on the game Operation (Study 1) and on an anagram completion task (Study 2), as compared to participants in no speech or speech control conditions. In Study 3, participants who were given an unclear task gave up faster on a second unrelated task than participants who were given a clear first task.

The effect of uncertainty on self-control was robust across different experiences of uncertainty. We tested manipulations of uncertainty involving an unclear task and uncertainty in the form of waiting to find out whether one will have to perform an anxiety-producing task. The convergence across these different experiences of uncertainty increases confidence in the general conclusion that being uncertain leads to impairments in self-regulatory performance, even in domains unrelated to the uncertainty. We also found that feelings of uncertainty mediated the effects of uncertainty manipulations on subsequent self-control (Study 3).

Studies 1 and 2 indicated that the effects of uncertainty go beyond merely raising the possibility of a bad outcome. They showed that the uncertain possibility of a bad outcome caused more impairment than certainty that the bad outcome would occur. Specifically, participants who thought they might have to make a speech performed significantly worse than participants who faced the worst possible outcome, namely a definite assignment that they would have to give a speech. Uncertainty in the form of anticipating the possibility of a negative outcome thus impaired self-control more severely than certain anticipation of the same negative outcome. Previous research has found that people are willing to pay less for a chance at one of two outcomes (e.g., you will receive a $50 or $100 gift certificate) than for the worse outcome guaranteed (e.g., you will receive a $50 gift certificate; Gneezy et al., 2006; Simonsohn, 2009). Although choosing a less-positive certain outcome over an uncertain outcome may seem irrational, it may sometimes be worth avoiding the psychological costs of experiencing uncertainty, namely impairments to executive function.


Alternative Explanations

Our findings cannot establish whether uncertainty actually causes cognitive fatigue or merely mimics it. In practice, the difference to the decision-maker may be trivial. In either case, the person may automatically shift toward less effortful modes of deciding (Pocheptsova et al., 2009; Pohl et al., 2013). These conserve energy but reduce the role of rational input into the decision process.

One might argue that our results were obtained because uncertainty distracted participants in the moment, rather than necessarily impairing self-control on a subsequent task. Study 3 provides some evidence against this. Although in studies 1 and 2, participants were uncertain while completing the dependent measure of self-control, in Study 3, the uncertainty manipulation and subsequent measure of self-control were distinct tasks. Participants first completed the task on which they were made to feel uncertain. Self-regulatory deficits were found on a subsequent, separate, and unrelated task, and it is unlikely that while participants were working to solve the figure tracing puzzles they were still ruminating about whether the color squares they had seen earlier had been red or blue. Also, as noted above, Study 1’s measures also spoke against the alternative interpretation that the uncertainty condition caused people to think the experimenter was incompetent.



Implications

The idea that uncertainty can impair self-control has diverse potential for advancing ego-depletion theory. We assume that participants in our studies did not deliberately, knowingly lower their performance based on exposure to unrelated uncertainty. Unconscious processes presumably mediated the link between experiencing uncertainty in one context and seeking to conserve volitional resources in another. Hence decisions about whether to exert effort may be influenced by multiple factors, only some of which are conscious.

The analogy of executive function fatigue to a muscle was creatively extended by Evans et al. (2015). They noted that feelings of muscular tiredness are only loosely linked to the physical condition of the muscle. Some brain processes presumably keep track of exertion and create a feeling signal of tiredness to promote energy conservation. Our findings fit well with the suggestion that ego depletion also may be only distantly related to the actual availability of energy resources. Instead, various cues associated with past and future demands may prompt the individual to curtail self-regulatory effort. Our findings suggest that uncertainty may be one such cue. To be sure, conserving resources may often be a highly adaptive response to uncertainty — even though in our experimental situation, it brought no benefits.

We cited evidence that people in uncertain conditions suffer problems of mental and physical health (e.g., Wiggins et al., 1992; Burgard et al., 2009). Impaired self-control may prove to be a mediating factor, if people struggling with uncertainty cease to control their eating and alcohol consumption, curtail their health behaviors, mistreat relationship partners, or fail to regulate their emotions. The present research suggests that delivering clear news quickly to patients (when possible) may make it easier for them to make important choices or follow demanding treatment regimens than if information is delayed or unclear.

The importance of self-control to smooth societal functioning suggests that large-scale uncertainty could have a variety of troublesome effects. Uncertainty may disproportionately be present for certain social classes (such as low-income groups) or may periodically affect society as a whole (such as in times of economic downturns, political turmoil, or public health crises). Crime, addiction, intimate partner violence, and general impulsivity might all increase. These would compound the problems facing society that gave rise to the original uncertainty.



Limitations and Future Directions

There are a few reasons to interpret the presented results with caution. As mentioned in the introduction, these studies were conducted before new standards for pre-registration and large sample sizes were established. Research conducted in the future on this topic should follow the current standards in the field. It is also worth noting that the internal meta-analysis is only based on a small number of studies. Although the hypothesis was always that uncertainty would impair performance, we tested a number of exploratory hypotheses across studies about potential mediators and moderators. None of these predominantly non-significant results advanced the theory, and all are reported in the Supplementary Materials. We also note that the effect of uncertainty was replicated, so the impairment of executive function caused by uncertainty is robust, even though we were unable to find evidence of a specific mechanism in these studies.

Although uncertainty was our primary independent variable, we cannot claim to have studied all forms of uncertainty. Undoubtedly there are some differences among the varieties of uncertainty (Kahneman and Tversky, 1982), even in our studies. However, for both manipulations, participants were made aware that they lacked highly relevant information. It is this lack of knowledge that ultimately results in poorer subsequent self-control, regardless of the exact kind of knowledge that is lacking. We deliberately broadened our investigation to encompass multiple forms of uncertainty (rather than operationalizing it in the same way in all studies) to increase generalizability and ensure that our results were not due to one particular method or one kind of uncertainty. Research using other measures of uncertainty (e.g., a scratched vs. unscratched lottery ticket) have shown that people are more likely to choose “wants” over “shoulds” when uncertain, which provides additional evidence that uncertainty has a negative effect on self-control (Milkman, 2012). The convergence of results across these different uncertainties increases our confidence that the pattern is indeed a relatively general one.

Future work may test whether there are situations in which some kinds of uncertainty would not impair self-control. For example, uncertainty about a definite positive outcome (e.g., uncertainty about which online interaction partner said which positive thing about the participant) has been shown to increase the duration of positive affect (Wilson et al., 2005; Kurtz et al., 2007). Because positive mood has been shown to eliminate the effects of one act requiring self-control on subsequent self-control (Tice et al., 2007), it is possible that the net effect of a purely positive uncertainty may be neutral or even restorative. However, when a negative possibility exists, the present evidence suggests that people will be less likely to perform well at executive function if they have recently been or are currently uncertain.




CONCLUSION

Uncertainty increases the difficulty of decision-making (Shafir, 1994). When all relevant facts are known, decision processes can be a fairly straightforward product of logic, preference, and goals or values. Often, however, decisions must be made when key facts are lacking (Orasanu and Connolly, 1993). Uncertainty hampers the decision maker directly, because it makes it difficult to calculate which option will yield best results. Our findings suggest a second way in which uncertainty impairs decision makers: It makes them act as if they had cognitive fatigue.
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