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Abstract

Individual valuation of a binary lottery at values less than the lottery’s worst outcome has been designated as the “uncertainty effect”.  Our paper aims to explore the boundary conditions of the uncertainty effect by investigating a plausible underlying process and proposing two possible methods.  First, we examine how providing an exogenous evaluation opportunity prior to judging the value of the lottery affects individuals’ judgments, and find that first valuing the worst outcome and then the lottery eliminates the uncertainty effect.  Second, we explore whether introducing additional cognitive load dampens how far decision makers correct their initial evaluations, and find that additional cognitive load is able to eliminate the uncertainty effect.
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1. Introduction
What is your willingness to pay for a lottery ticket that gives you a 50 percent chance to receive prize A and a 50 percent chance to receive prize B?  This is a typical question that many decision analysts would ask to elicit an individual’s utility function.  Most decision theories, including expected utility theory (von Neumann and Morgenstern, 1947) and prospect theory (Kahneman and Tversky, 1979), share a fundamental principle that the value of a risky prospect must lie between the value of its best and worst outcomes.  Accordingly, these theories require that one’s willingness to pay (WTP) for the lottery above will always be between one’s WTP for prize A and prize B.  Contrary to this requirement, Gneezy, List, and Wu (2006) documented the “uncertainty effect,” i.e., individuals valuing a binary lottery as worth less than the lottery’s worst outcome, for some specific lotteries.  For example, they found that participants were willing to pay an average of $26 for a $50 gift certificate from Barnes and Noble bookstore, but only $16 for a 50:50 risky lottery that gives an equal chance of a $50 or $100 gift certificate.  Simonsohn (2009) provided further empirical evidence that “the uncertainty effect is robust, large (a prospect is valued on average at 65% of the value of its worse outcome), and widespread (at least 62% of participants exhibit it).”  From a decision-aiding perspective, this prompted our research question: What are the boundary conditions of the uncertainty effect?

Participants in these experiments violated the “internality” axiom, which requires the judged value of the lottery to fall between the values of the best and worst outcomes.  The internality axiom is a degenerate form of the betweenness principle, which in turn is a weakened form of the independence axiom (von Neumann and Morgenstern, 1947).  Specifically, the independence axiom states that the preference order A
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B between two lotteries A and B (where “AB” is read as “A is preferred over B”) is independent of the possible existence of a common lottery C, e.g., if A
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B, then pA + (1-p)C
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pB + (1-p)C.  (The notation “pA + (1-p)C” represents the compound lottery yielding A with probability p and C with probability 1-p, where p is between 0 and 1.)  Let C = B, we can get pA + (1-p)B
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B.  Let C = A, we can get A
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p’B + (1-p’)A.  Since p’ can be any probability value between 0 and 1, let p’ = 1-p.  Then we have that if A
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B, then A
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pA + (1-p)B
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B.  This is exactly the betweenness axiom, which states that if a lottery A is preferred to a lottery B, then probability mixtures of A and B must lie between A and B in preference.  The internality axiom has a similar mathematical representation except that both A and B are degenerate gambles (with a 100% probability of an outcome).  Camerer and Ho (1994) demonstrated the violation of the betweenness axiom.

To identify boundary conditions, we need to have a good idea of when and why the uncertainty effect occurs.  When an individual observes and judges a risky prospect, Gneezy et al. (2006, p. 1291-1292) provided one possible explanation as follows.  An individual first judges whether it is an even chance lottery (such as a 50:50 risky lottery that pays a $50 or $100 gift certificate with equal probability), or a lottery with an extremely skewed probability distribution (such as a 1:99 lottery that provides a 0.01 chance of a $100 gift certificate and a 0.99 chance of a $50 gift certificate, or a 99:1 lottery that provides a 0.99 chance of a $100 gift certificate and a 0.01 chance of a $50 gift certificate).  If it is a 50:50 risky lottery, for example, the individual then calculates the expected gain in the lottery currency (a $75 gift certificate), assigns a WTP for this $75 gift certificate in the pricing currency (say $35), reduces this amount (to say $15) to account for the risk, and finally reports the WTP to be $15 for the 50:50 risky lottery.  In contrast, if it is a skewed 1:99 lottery, the individual may simply refer to the outcome with the extremely high probability (a $50 gift certificate), assign a WTP for this $50 gift certificate in the pricing currency (say $26), increase this amount a bit (to say $30) to account for the small upside risk, and finally report the WTP to be $30 for the skewed 1:99 lottery.  The evaluation process of a skewed 99:1 lottery is similar to that of a skewed 1:99 lottery, except that the individual refers to a $100 gift certificate and decreases the WTP for the $100 gift certificate a bit to account for the downside risk. From a decision-making perspective, we propose that the process suggested above involves two major steps: initial evaluation and secondary correction.  An individual first generates his/her initial evaluation of the WTP based on either the expected gain of the risky lottery for an evenly distributed lottery, or the outcome with the extremely high probability for a skewed lottery, and then makes corrections to account for the risk involved in the lottery.  With respect to the 50:50 risky lottery, this correction imposes only a minimal constraint on the risk premium and therefore it is weakly bounded.  Thus, the individual tends to correct his/her valuation downward and the resulting WTP for the 50:50 risky lottery could be less than the WTP for a riskless $50 gift certificate.  However, the upside or downside risk in a skewed lottery provides a relatively stronger constraint on the correction process, resulting in a WTP that will not be far away from the initial evaluation.  Therefore, the uncertainty effect tends to occur for a 50:50 risky lottery, but not for a skewed lottery.  According to the discussion above, it is plausible to explore the boundary conditions of the uncertainty effect by manipulating either the initial evaluation process or the secondary correction process. 
In Study 1, we consider a manipulation of the initial evaluation process.  As discussed above, Gneezy et al. (2006) found that the uncertainty effect was not observed in a skewed lottery.  They argued that in a skewed lottery, participants started from the outcome with the extremely high probability rather than from the expected gain in the lottery currency (e.g., gift card money).  This finding suggests that participants’ WTP could potentially be affected if they started from the worst or best outcome of the lottery rather than from its expected gain during the evaluation process.  Specifically, when starting from the worst outcome, participants would likely tend to make an upward correction rather than a downward correction, which results in a higher WTP.  When participants start from the best outcome, on one hand, a higher starting point may lead to a higher WTP; on the other hand, since all of the risk is “downside,” it is possible that the uncertainty effect could be even stronger.  Thus, in Study 1, we asked participants to evaluate either the sure worst or sure best outcome before evaluating a risky lottery, i.e., one of the two lottery outcomes is primed to be the starting point for the individual to use for the evaluation of the lottery.

In Study 2, we consider a manipulation of the secondary correction process.  Prior literature suggests that correction (or adjustment) is a more effortful process than making an initial evaluation (see Gilbert, 1991, for more details; Jones, 1990).  Since mental systems are competing for cognitive resources (Kahneman, 1973; Norman and Bobrow, 1975), cognitively demanding processes may suffer more if there are insufficient cognitive resources.  Recall that a critical feature in the uncertainty effect is that individuals tend to correct their initial evaluation to account for the risk involved in the lottery, i.e., with sufficient readily available cognitive resources, individuals may make more than the normatively allowed amount of correction for the risk (and end up valuing the lottery worse than its worst possible outcome).

Cognitive load has been used to manipulate the correction processes in a variety of contexts (Kruger, 1999; Meyers-Levy and Tybout, 1997; Roch et al., 2000).  Furthermore, cognitive load is also able to help decision makers avoid some decision biases.  For instance, Drolet and Luce (2004) employed cognitive load to make consumers less averse to making attribute trade-offs, e.g., increased cognitive load can lead to more normative decision behavior, by disrupting consumers’ capacity to consider relevant self goal information and the negative emotional consequences of making trade-offs.  Based on the discussion above, we conjecture that we could explore the boundary condition of the uncertainty effect by appropriately increasing the cognitive load and thus manipulating the secondary correction process in the respondent’s valuation of a risky lottery.  This approach is investigated in Study 2.

It is worth noting that several papers have raised questions about the existence of the uncertainty effect (e.g., Keren and Willemsen, 2009; Ortmann et al., 2007; Goldsmith and Amir, 2010; Yang et al., forthcoming).  Keren and Willemsen (2009) and Ortmann et al. (2007) argued that the uncertainty effect documented in Gneezy et al. (2006) was caused by the following two reasons: 1) awareness of the lottery’s best outcome may devalue its worst one and hence the lottery (in Gneezy et al. (2006), the two outcomes were evaluated by two groups of participants, rather than jointly evaluated by the same group of participants); 2) participants could misunderstand the lottery descriptions, i.e., they could erroneously believe a $0 payment was possible from the lottery.  For example, they provided empirical evidence that modifying ambiguous lottery instructions would lead to the disappearance of the uncertainty effect.  However, Simonsohn (2009) showed that the uncertainty effect was still observed even though participants in the certainty condition reported their WTP for both the best and worst outcomes, or the lottery descriptions were modified to rule out a $0 payment.  That is, the uncertainty effect is mainly caused by a direct risk aversion (Simonsohn, 2009).  In this study, we followed the design of Simonsohn (2009) to avoid the two possible confounding causes.  Goldsmith and Amir (2010) identified the reversed pattern of the uncertainty effect in consumer promotions, i.e., consumers value a risky prospect as much as the best outcome.  To reconcile those contradictory findings, Yang et al. (forthcoming) found that how the risky prospect is framed plays a critical role in the existence of the uncertainty effect.  Specifically, framing the risky prospect as a “lottery ticket” leads to lower valuations of the worst outcome than framing it as an “uncertain gift certificate”, and they found the uncertainty effect disappeared under the uncertain gift certificate frame.

Our article is organized as follows.  Study 1 investigates a boundary condition of the uncertainty effect using a manipulation related to the initial evaluation.  Study 2 investigates a boundary condition of the uncertainty effect using a manipulation related to the secondary correction.  The last section concludes with a discussion of implications of the results and future research.

2. Study 1

In this study, we investigate a boundary condition of the uncertainty effect by providing an exogenous initial evaluation opportunity.  Specifically, participants are asked to indicate their WTP for either the sure worst or best outcome before they evaluate the corresponding 50:50 risky lottery.  In this way, participants’ WTP for the sure outcome could serve as their starting point to assess the lottery.

2.1 Method
One hundred and fifty seven undergraduate students at a large public university in the western United States completed this study for partial course credit (six additional participants did not complete the survey and were thus removed from the analysis).  This study used a between-subjects design and had five different conditions, including two certainty conditions and three uncertainty conditions.  For the two certainty conditions, participants indicated their WTP for either a) the sure worst outcome: a $50 gift certificate for their campus bookstore (worst certainty condition), or b) the sure best outcome: a $100 gift certificate for their campus bookstore (best certainty condition).  In each uncertainty condition, participants were asked to evaluate a sure outcome before they evaluated the corresponding 50:50 risky lottery.  Specifically, participants reported their WTP for either c) the sure worst outcome first and then for the corresponding 50:50 risky lottery (low-start uncertainty condition), d) the sure best outcome first and then for the corresponding 50:50 risky lottery (high-start uncertainty condition), or e) the sure outcome equivalent to the expected gain in the lottery currency of the corresponding 50:50 risky lottery first (i.e., a $75 gift certificate for their campus bookstore) and then for the lottery (mean-start uncertainty condition).  Note that we added the mean-start uncertainty condition to examine whether participants in this condition would exhibit the uncertainty effect when actually following the process proposed in Gneezy et al. (2006) to evaluate a risky lottery.  Following Gneezy et al. (2006), we employed the Mann-Whitney (one-tailed) test to analyze data in both experiments in this paper.  

2.2 Results

The results are shown in Figure 1.  Note that all comparisons are using a Mann-Whitney test, which ranks all the WTP values from low to high, and then compares the means of the ranks in the two compared groups.  A significant difference in the mean ranks indicates that there is a high chance that a randomly selected WTP value from the population group with the larger mean rank will be greater than a randomly selected WTP value from the other group’s population.  Interestingly, the uncertainty effect did not appear in the low-start uncertainty condition.  The WTP values for the 50:50 risky lottery (M = $45.31) were significantly higher than the WTP values for the sure $50 gift certificate (M = $33.84, p = .041), but significantly lower than the WTP values for the sure $100 gift certificate (M = $65.65, p < .001).  That is, when participants were asked to first evaluate the worst outcome and then the corresponding 50:50 risky lottery, rather than directly evaluating the risky lottery, they did not fall prey to the uncertainty effect bias.  Note that Gneezy et al. (2006) hypothesized that when participants would indicate their WTP for a 50:50 risky lottery, they would tend to start from the expected gain in the lottery currency (e.g., a $75 gift certificate in the bookstore example).  In contrast, in the low-start uncertainty condition, when participants evaluated the risky lottery, they presumably started from the worst outcome (e.g., a $50 gift certificate) and made an upward correction to account for the upside risk involved in the lottery (e.g., compared to the $50 gift certificate), resulting in a higher WTP than for the sure worst outcome.

----------------------------------------------------------------------------------------------------

Insert Figure 1 Here

----------------------------------------------------------------------------------------------------

On the contrary, the uncertainty effect was still weakly observed in the high-start uncertainty condition.  Participants reported marginally significantly lower WTP values for the 50:50 risky lottery (M = $28.58) than for the $50 gift certificate (M = $33.84, p = .083).  Similar to the direct assessment of a risky lottery, when participants were asked to first evaluate the best outcome and then the corresponding 50:50 risky lottery, they still tended to exhibit the uncertainty effect.  This result is surprising since one may expect the same result in the low-start uncertainty condition should also apply to the high-start uncertainty condition.  A potential explanation is provided as follows.  When participants indicated their WTP for a 50:50 risky lottery in the high-start uncertainty condition, they would presumably start from the best outcome (e.g., a $100 gift certificate, rather than a $75 gift certificate) and then make a downward correction to account for the downside risk involved in the lottery (e.g., compared to the $100 gift certificate).  Since participants could easily perceive that the risky lottery has a lower value than the best outcome, we speculate that they were likely to see the lottery as a loss compared to the best outcome and then they would exhibit loss aversion when they evaluated the lottery using the best outcome as the start (which may serve as the reference point).  Therefore, participants tended to correct their WTP for the lottery to account for the risk and demonstrated the uncertainty effect.
Next, the uncertainty effect occurred in the mean-start uncertainty condition.  That is, when participants first evaluated the $75 gift certificate (i.e., the mean of the two possible face values) and then evaluated the corresponding 50:50 lottery, their WTP values for the 50:50 risky lottery (M = $25.71) were significantly lower than their WTP values for the sure $50 gift certificate (M = $33.84, p = .009).
Finally, the results were confirmed by additional within-subjects analysis wherever possible.  In the low-start uncertainty condition, since participants provided both the WTP for the sure worst outcome of a $50 gift certificate and the WTP for the lottery, a within-subjects analysis on the uncertainty effect was feasible.  In this condition, as reported above, the WTP values for the sure $50 gift certificate (M = $33.54) were significantly lower than the WTP values for the 50:50 lottery (M = $45.31, p = .036).  In addition, for these N = 31 subjects, a within-subject comparison of the value of the $50 gift certificate vs. the lottery showed that only 4 out of the 31 subjects had the lottery valued below the $50 gift certificate.  (When Gneezy et al. (2006) conducted a within-subjects experiment in which subjects evaluated the worst outcome, the best outcome, and the related binary lottery, 1 subject out of 30 fell prey to the uncertainty effect; similar results were also observed in an online-bidding setting (Sonsino, 2008).)  In the high-start uncertainty condition, a within-subjects test reveals that the WTP values for the sure $100 gift certificate (M = $51.31) were significantly higher than the WTP values for the 50:50 lottery (M = $28.58, p = .002).  In the mean-start uncertainty condition, a within-subjects test reveals that the WTP values for the sure $75 gift certificate (M = $48.28) were significantly higher than the WTP values for the 50:50 lottery (M = $25.71, p < 0.001).

Simonsohn (2009) suggested that estimates of the uncertainty effect based on mean or median valuations are conservative.  This is because even if a majority of the participants exhibit the uncertainty effect bias, the average WTP for the lottery can still be higher than the average WTP for the worst outcome, e.g., a few participants with a higher WTP may balance out many participants with a lower WTP.  Consequently, Simonsohn (2009) examined the uncertainty effect by adopting an approach of analyzing distributions of participants’ valuations, rather than mean or median valuations.  We followed Simonsohn’s approach and inferred the precise share of subjects exhibiting the uncertainty effect under each of the three conditions above.  First, Figure 2(a) illustrates the cumulative distribution of the WTP for the $50 bookstore gift certificate, and for the 50:50 lottery in the low-start uncertainty condition.  Similarly, Figures 2(b) and 2(c) plot distributions of participants’ valuations in the high-start uncertainty condition, and in the mean-start uncertainty condition, respectively.  Assuming that the relative order of WTP remains the same across participants between conditions, we can obtain the estimate of the share of participants who exhibited the uncertainty effect from the figures.  Specifically, we find that in the low-start condition (Figure 2(a)), about 30% of participants exhibited the uncertainty effect, where the $50 certificate (dashed line) is valued more than the lottery (solid line) since the dashed line is to the right of the solid line along the horizontal willingness-to-pay axis for about 30% of the participants.  In contrast, in the high-start condition (Figure 2(b)), the two curves cross at roughly 60%, i.e., approximately 60% of participants exhibited the uncertainty effect; and in the mean-start condition (Figure 2(c)), about 75% of participants exhibited the uncertainty effect, which is quite similar to the results in Simonsohn (2009).
Second, as in Simonsohn (2009), we match participants between conditions to estimate the lowest possible share of participants who exhibited the uncertainty effect.  For instance, suppose we only have 3 participants in one condition.  Assume their WTP values for the lottery are $30, $40, and $50 and WTP for the lower outcome are $35, $45, and $55.  Then if we assume that the relative order of WTP remains the same across participants between conditions, then 100% of the participants fall prey to the uncertainty effect: matching $30 with $35, $40 with $45, and $50 with $55 will show the uncertainty effect in all cases.  If we consider the combinations that give the lowest possible share that show the uncertainty effect, we can conclude that the lowest possible is one out of the three people: matching $50 with $45 and $40 with $35 means two people won’t show the uncertainty effect.  Using this reasoning process to analyze our experimental data, the results indicated that the lower bound percentage of the participants showing the uncertainty effect is 13% in the low-start condition, 48% in the high-start condition, and 60% in the mean-start condition.  Note that the result in the mean-start condition is again similar to that in Simonsohn (2009).  Therefore, the results above further support the notion that providing the worst outcome as a starting point can effectively eliminate the uncertainty effect.

----------------------------------------------------------------------------------------------------

Insert Figures 2(a), 2(b), and 2(c) here
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3. Study 2

In this study, we investigate the effect of manipulating the secondary correction process on eliminating the uncertainty effect by increasing the cognitive load in the evaluation of a risky lottery.

3.1 Method

Eighty-seven undergraduate students at a large public university in the western United States completed this study for partial course credit and a candy bar. (Seven additional subjects who reported non-discriminative answers—e.g., straight “0”s or “1”s to be their WTP across the four scenarios—were removed from the analysis.)  Using a between-subjects experiment design, all participants were randomly assigned to one of the three conditions: participants indicated their WTP for a) each of the two sure outcomes (certainty condition), b) for the corresponding 50:50 risky lottery (uncertainty-no load condition), or c) for the corresponding 50:50 lottery with a cognitive load manipulation (uncertainty-numerical load condition).  Prior literature suggests that a working memory task can be used to effectively manipulate participants’ cognitive load (e.g., Shiv and Huber, 2000; Ward and Mann, 2000; Drolet and Luce, 2004).  Therefore, in the uncertainty-numerical load condition, we asked participants to take 30 seconds to memorize an eight-digit random number before they answered the questionnaire and to recall it as accurately as possible after they completed all survey questions.  Note that the first two conditions are identical to those of Gneezy et al. (2006), except that 1) participants in the certainty condition reported their WTP for two outcomes rather than a single outcome; 2) the lottery descriptions in the uncertainty condition rule out the possibility that participants would believe a $0 payment was possible.  Thus, similar to Simonsohn (2009), we ruled out two possible experiment-design related causes for the uncertainty effect in this study.

Four different scenarios were considered in this study.  Three of them were replicated from the pricing studies in Gneezy et al. (2006), including the Barnes and Noble bookstore gift certificates scenario, the time preference scenario involving immediate willingness to pay for future monetary gains, and a boring task scenario that involved the willingness to work at a boring task for a specific payment.  In addition, we added another product scenario to examine the uncertainty effect in a setting involving two commonly used consumer products.  Specifically, under the uncertainty-no load condition of this product scenario, participants were asked to indicate their WTP for a lottery ticket that will for sure pay one of two possible rewards (both are equally likely): The lottery will either pay off with a Black & Decker Toast-R-Oven 4-Slice Toaster Oven (MSRP: $75.99) or a Panasonic Full-Size 1250-Watt Microwave Oven (MSRP: $169.99).  A detailed description of the four scenarios is provided in Appendix A.  In each condition, participants read all of the four scenarios, which were not randomized in the survey.
3.2 Results

The results are summarized in Table 1.  Note that all comparisons are using Mann-Whitney tests.  First, consistent with the preceding studies, we found the uncertainty effect in the uncertainty-no load condition.  Specifically, the uncertainty effect was observed in the Barnes and Noble gift certificates scenario (M = $19.92 for the lottery, M = $35.58 for the $50 gift certificate, p < .001), in the time preference scenario (M = $38.57 for the lottery, M = $60.97 for the sure $100 received in one year, p < .001), and in the product scenario (M = $36.00 for the lottery, M = $53.10 for the sure Black & Decker Toast-R-Oven 4-Slice Toaster Oven, p = .002).  In the boring task scenario, the difference is not significant but is in the same direction (M = 60.18 minutes for the lottery, M = 75.97 minutes for the sure $25).

----------------------------------------------------------------------------------------------------

Insert Table 1 Here
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Second, as anticipated, participants under the “remember-a-number” cognitive load reported higher WTP than the average WTP in the uncertainty-no load condition.  More specifically, in the Barnes and Noble gift certificates scenario, participants who were trying to remember the eight-digit number reported significantly higher WTP values for the 50:50 risky lottery (M = $37.64) than the WTP values for the same lottery in the uncertainty-no load condition (M = $19.92, p < .001).  In the time preference scenario, the WTP values for the 50:50 risky lottery (M = $82.00) were significantly higher than the WTP values for the same lottery in the uncertainty-no load condition (M = $38.57, p < .001).  In the boring task scenario, participants were willing to work significantly longer for the 50:50 risky lottery (M =113.57 minutes) than for the same lottery in the uncertainty-no load condition (M = 60.18 minutes, p = .006).  In the product scenario, the WTP values for the 50:50 risky lottery (M = $68.50) were also significantly higher than the WTP values for the same lottery in the uncertainty-no load condition (M = $36.00, p < .001).  

Finally, and most importantly, the uncertainty effect disappeared in the uncertainty-numerical load condition.  In the Barnes and Noble gift certificates scenario, participants who were trying to remember the eight-digit number reported weakly significantly higher WTP values for the 50:50 risky lottery (M = $37.64) than the WTP values for the $50 gift certificate (M = $35.58, p = .056).  In the time preference scenario, the WTP values for the 50:50 risky lottery (M = $82.00) were significantly higher than the WTP values for the sure $100 received in one year (M = $60.97, p = .008).  In the boring task scenario, participants were willing to work weakly significantly longer for the 50:50 risky lottery (M =113.57 minutes) than for the sure $25 (M = 75.97 minutes, p = .073).  In the product scenario, the WTP values for the 50:50 risky lottery (M = $68.50) were also significantly higher than the WTP values for the worst outcome of the lottery, a Black & Decker Toast-R-Oven 4-Slice Toaster Oven at $75.99 (M = $53.10, p = .044).  This implies that appropriately increasing the cognitive load could actually help people increase their WTP for a risky lottery, and thus avoid irrationally underestimating its value by too much.

To further analyze the data, we also followed Simonsohn’s approach in this study to calculate the percentage of participants exhibiting the uncertainty effect.  First, Figure 3 plots the cumulative distribution of the WTP for the $50 Barnes and Noble bookstore gift certificate, for the 50:50 lottery for a $50 or $100 gift certificate in the uncertainty-no load condition, and for the 50:50 lottery in the uncertainty-numerical load condition.  If we assume that the relative ranking of valuations across subjects is constant between conditions, the best estimate of the percentage of participants exhibiting the uncertainty effect was roughly 95% in the uncertainty-no load condition, but dramatically decreased to be approximately 25% in the uncertainty-numerical load condition.  Moreover, the lower bound on the share of participants exhibiting the uncertainty effect was around 64% in the uncertainty-no load condition, and 20% in the uncertainty-numerical load condition.  Second, we conducted analogous analyses for the remaining three scenarios (Figures 4(a)-4(c) showing cumulative distributions of valuations in those scenarios are provided in Appendix B).  Specifically, the percentage of participants exhibiting the uncertainty effect varied between 80% and 85% in the uncertainty-no load condition, and less than 25% in the uncertainty-numerical load condition.  In addition, the minimal percentage of participants showing the uncertainty effect ranged between 25% and 61% in the uncertainty-no load condition, and between 11% and 25% in the uncertainty-numerical load condition.  Again, the distribution analysis provided additional support that appropriately increasing numerical cognitive load leads to the disappearance of the uncertainty effect.
----------------------------------------------------------------------------------------------------

Insert Figure 3 Here
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The results above show that using a numerical cognitive load leads to the disappearance of the uncertainty effect.  However, one may argue that under a numerical load condition, it is difficult to distinguish an interpretation in which the number to be memorized acts as a new starting point from an account in which working memory is monopolized, or having people hold numbers in their heads could lead them to make valuations based on calculations rather than feelings.  Meanwhile, non-numerical cognitive load manipulations have been frequently used in the literature (Drolet and Luce, 2004; Simonson, Kramer, and Young, 2004; Ward and Mann, 2000).  For example, Drolet and Luce (2004) manipulated subjects’ cognitive load by asking them to memorize a list of words prior to the main tasks.  Therefore, to check the robustness of the results, we conducted a follow-up experiment involving both numerical and non-numerical cognitive load manipulations.

Specifically, the experiment replicated the study above except that (1) in addition to the three conditions, a non-numerical cognitive load condition was included; (2) only the gift certificate scenario was considered, instead of the four scenarios.  In the uncertainty-non-numerical load condition, we followed Drolet and Luce (2004) by asking participants to take 2 minutes prior to the experiment to memorize a list of 20 words to be recalled later.  Participants were asked to recall as many words as they could when they completed the questionnaire.  One hundred and twenty undergraduate students at a prestigious university in China participated in this experiment for partial course credit.  Accordingly, we chose 20 words to be memorized as the cognitive load task and used the University Bookstore gift certificate scenario.

First, we still observed the uncertainty effect (M = RMB20.16 for the lottery, M = RMB26.53 for the RMB50 gift certificate, p =.038).  Second, the uncertainty effect disappeared in both the uncertainty-numerical load condition and uncertainty-non-numerical load condition.  Participants who were trying to memorize the eight-digit number indicated significantly higher WTP values for the 50:50 risky lottery (M = RMB32.73, p = .045) than the WTP values for the RMB50 gift certificate.  The result is similar for those who were trying to memorize the list of 20 words (M = RMB37.31, p = .012).  In addition, there was no significant difference in the WTP values for the 50:50 risky lottery between the uncertainty-numerical load condition and uncertainty-non-numerical load condition (p = .332).  Therefore, our results suggest that increasing the cognitive load numerically or non-numerically could result in the disappearance of the uncertainty effect.

4. Discussion

4.1 Summary and Implications

Most decision theories require that people should value an uncertain prospect between its best and worst outcomes, which ensures obeying the internality axiom.  However, Gneezy et al. (2006) found a strong and widespread phenomenon that people sometimes actually value an uncertain prospect below its worst outcome, which they called the uncertainty effect.  From a decision aiding perspective, our research proposed and tested two boundary conditions of the uncertainty effect by appropriately manipulating either the initial evaluation process or the secondary correction process.
Though Gneezy et al. (2006) proposed a possible explanation for the underlying thought process of the uncertainty effect, which we identified as an initial evaluation and secondary correction process, no prior studies have empirically tested its validity.  Our study sheds some light on this gap and helps to improve our understanding of individual decision making processes under risk in general.

First we propose an approach to manipulate the initial evaluation process.  We show that the uncertainty effect disappeared when participants were asked to evaluate the sure worst outcome before they evaluated the corresponding even chance lottery, but still occurred when they assessed the sure best outcome, or the sure outcome equivalent to the expected value of the corresponding even chance lottery before they evaluated the target lottery.  This result is somewhat counterintuitive, since in many real life cases, companies try to attract customers by emphasizing the highest possible benefits from the products rather than the lowest possible benefits.  However, based on our results, under circumstances similar to the current contexts (i.e., best and worst outcomes are made explicit and occur with similar chances), this may lead to strong downward correction and thus lower customers’ valuation of the products. 

Next, in the attempt to manipulate the secondary correction process, appropriately increasing the cognitive load was able to eliminate the uncertainty effect in the evaluation of a risky lottery.  Traditional wisdom suggests that sufficient cognitive resources (i.e., being under a lower cognitive load) could help people make better decisions.  However, in this study, we find that in decision making under uncertainty, insufficient cognitive resources sometimes may lead to more normative decisions (e.g., participants were more likely to obey the internality axiom when their cognitive load was higher).  In addition, since the cognitive load manipulation is able to mimic many realistic situations where people’s working memories are occupied by multiple tasks, our investigation sheds some light on the boundary conditions of the uncertainty effect.  Our results also can be seen as a possible warning for the prescriptive practice of decision analysis, in which a decision maker’s utility function for possible outcomes of a decision under risk is assessed via a series of judgments of certainty equivalents for lotteries.  Taking more time to make the judgments might lead to more expressed risk aversion than when less time is taken and the decision maker feels greater cognitive load pressure.

4.2 Future Research

Several possible extensions can be explored in future research.  First, it would be interesting to examine gambles with a broader set of payoffs, which may allow us to study the breadth of occurrence of the uncertainty effect.  Since prior literature has suggested possible differences in decision making under uncertainty among the financial, environmental and health care domains (Schoemaker, 1990; Pennings and Smidts, 2000; Weber et al., 2002), an empirical investigation of the uncertainty effect across those domains could shed light on policy-making.  In each domain, both monetary and non-monetary outcomes should be examined since distinctions between them have been found in prior literature (McGraw et al., 2010; Rottenstreich and Hsee, 2001).  In addition, future research could examine whether the uncertainty effect occurs when exposing decision makers to the actual physical products and/or having an actual physical lottery.  For example, Rydval et al. (2009) found that participants valued a binary lottery significantly higher than the lottery’s worst outcome when they were provided with physical lotteries (instead of verbal lotteries) and complete information about the goods they were to evaluate.  It would be interesting to investigate the impact of different types of payoffs or elicitation methods on individuals’ judgments under uncertainty.

Second, we have not provided direct evidence for the underlying process of the uncertainty effect since the main objective of our paper is to explore the potential boundary conditions of the uncertainty effect.  An alternative view of the initial evaluation and secondary correction process is that decision makers may regard the expected value of the lottery as one attribute and its risk as the other attribute, and then make their decisions by combining both attributes together (Jia and Dyer, 1996; Scholten and Read, 2010).  This alternative argument does not conflict with the explanation provided in Gneezy et al. (2006) as the former focuses more on the value trade-off, whereas the latter focuses more on the process.  Future research could investigate this alternative mechanism.  On the other hand, there are other alternative ways to indirectly test the validity of the initial evaluation and secondary correction proposition.  For example, Epley and Gilovich (2001) suggested that the magnitude of correction can be affected by the ways that participants shake their heads: a left-to-right motion will trigger implicit disagreement and thus enlarge the correction while an up-and-down motion will trigger implicit agreement and thus lead to less correction.  One potential design of a future experiment would be to ask participants to shake their heads while working on the valuation tasks.  If there is indeed an initial evaluation and secondary correction process involved, the left-to-right group will report an even lower WTP than those reported by the up-and-down group.

Finally, since in many real-life situations the exact probabilities of outcomes are unknown (Ellsberg, 1961; Einhorn and Hogarth, 1986; Fox and Tversky, 1995), it would be interesting to further investigate whether decision makers still exhibit the uncertainty effect when individuals evaluate a binary lottery with probabilistic ambiguity (Ho et al., 2001, 2002; Kahn and Sarin, 1988; Muthukrishnan et al. 2009), where the probability distribution is unknown.
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Figures and Tables
Table 1. Results from Study 2 - Willingness to Pay for Binary Lotteries and for Their Respective Outcomes (No Cognitive Load vs. Numerical Cognitive Load)
	
	Item Pairs
	
	Willingness to Pay

	
	
	
	Best Outcome
	Worst Outcome
	
	Lottery
with No Load
	
	Lottery 
with Load

	
	
	
	(n=31)
	
	(n=28)
	
	(n=28)

	
	Best-Outcome Item
	Worst-Outcome Item
	
	Mean

(Median)
	Mean

(Median)
	
	Mean

(Median)
	M-W test (p)
	
	Mean

(Median)
	M-W test (p)

	
	
	
	
	
	
	
	
	
	
	
	

	Gift Certificates
	$100 Bookstore Gift Certificate
	$50 Bookstore 
Gift Certificate
	
	69.93

(80.00)
	35.58

(40.00)
	
	19.92

(20.00)
	< .001
	
	37.64

(50.00)
	.056

	
	
	
	
	
	
	
	
	
	
	
	

	Time Preference
	$200 Gain 
In A Year
	$100 Gain 
In A Year
	
	120.16

(120.00)
	60.97

(70.00)
	
	38.57

(27.50)
	< .001
	
	82.00

(100.00)
	.008

	
	
	
	
	
	
	
	
	
	
	
	

	Boring Tasks
	Work Time For A $50 Payment
	Work Time For A $25 Payment
	
	147.90

(120.00)
	75.97

(60.00)
	
	60.18

(37.50)
	.145
	
	113.57

(110.00)
	.073

	
	
	
	
	
	
	
	
	
	
	
	

	Products
	Microwave Oven (MSRP: $169.99)
	Toaster Oven  (MSRP: $75.99)
	
	106.77

(100.00)
	53.10

(50.00)
	
	36.00

(27.50)
	.002
	
	68.50

(74.50)
	.044

	
	
	
	
	
	
	
	
	
	
	
	


Note. The Mann-Whitney test columns report p values from tests comparing willingness to pay for the worst outcome and willingness to pay for the lottery.  Statistically significant p values indicate the WTP for the lottery is stochastically smaller than the WTP for the worst outcome.
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Note: Responses falling below the dashed line exhibit the uncertainty effect bias.
Figure 1. Results from Study 1 - Willingness to Pay for Binary Lotteries with Provided Start Points
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Figure 2(a). Cumulative distribution of the willingness to pay for the $50 Barnes and Noble gift certificate and for the 50:50 lottery for a $50 or $100 gift certificate in the low-start uncertainty condition.
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Figure 2(b). Cumulative distribution of the willingness to pay for the $50 Barnes and Noble gift certificate and for the 50:50 lottery for a $50 or $100 gift certificate in the high-start uncertainty condition.
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Figure 2(c). Cumulative distribution of the willingness to pay for the $50 Barnes and Noble gift certificate and for the 50:50 lottery for a $50 or $100 gift certificate in the mean-start uncertainty condition.
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Figure 3. Cumulative distribution of the willingness to pay for the $50 Barnes and Noble gift certificate, and for the 50:50 lottery for a $50 or $100 gift certificate in the uncertainty-no load condition and uncertainty-numerical load condition.
Appendix A
The Questionnaire of Study 2
Scenario 1: Barnes and Noble Gift Certificate

· Certainty condition:

We are interested in how much you would be willing to pay for two different items. In particular we will ask you how much you would be willing to pay for a $50 gift certificate or a $100 gift certificate for Barnes and Noble, which are good for use within the next two weeks.

If you could only buy the $50 gift certificate, what is the highest amount of money you would pay for it? $          
If you could only buy the $100 gift certificate, what is the highest amount of money you would pay for it? $          
· Uncertainty condition:

We are interested in how much you would be willing to pay for a lottery ticket that will for sure pay one of two possible rewards (both are equally likely).

The lottery will either pay a $50 gift certificate or a $100 gift certificate for Barnes and Noble, each of which is good for use within the next two weeks.

What is the highest amount of money you would pay for this lottery? $          
Scenario 2: Time preference

· Certainty condition:

Imagine that we offer you $100 or $200 one year from today. What is the highest amount of money you would be willing to pay for one of them now?

If we could only offer you $100 one year from today, what is the highest amount of money you would be willing to pay for this now? $          
If we could only offer you $200 one year from today, what is the highest amount of money you would be willing to pay for this now? $          

· Uncertainty condition:

We are interested in how much you would be willing to pay for a lottery ticket that will for sure pay one of two possible rewards (both are equally likely). The lottery winnings you earn will be paid to you one year from today.

The lottery will either pay you $100 cash or $200 cash. The lottery winnings you earn will be paid to you one year from today.

What is the highest amount of money you would be willing to pay for this lottery ticket now? $          

Scenario 3: Boring Tasks

· Certainty condition:

Consider a boring and tedious task (like sorting file folders). We will offer you two different payments ($25 or $50). What is the longest amount of time you would be willing to spend on this task for one of these payments?

Imagine that your payment for this task is $25.  What is the longest amount of time you would be willing to spend on this task for this payment?          minutes

Imagine that your payment for this task is $50.  What is the longest amount of time you would be willing to spend on this task for this payment?          minutes

· Uncertainty condition:

Consider a boring and tedious task (like sorting file folders). Imagine that your payment for this task is a lottery ticket that will for sure pay one of two possible rewards (both are equally likely). 

The lottery will either pay you $25 cash or $50 cash. 

What is the longest amount of time you would be willing to spend on this task for this payment? 

          minutes
Scenario 4: Products

· Certainty condition:

We are interested in how much you are willing to pay for the following two products currently being sold in the market.

	Product 1 (MSRP $75.99)
	Product 2 (MSRP $169.99)

	Black & Decker Toast-R-Oven 4-Slice Toaster Oven 
	Panasonic Full-Size 1250-Watt Microwave Oven 

	[image: image15.jpg]



	[image: image16.jpg]




	Description: This versatile toaster oven toasts, cooks, broils and reheats a variety of foods. Enjoy your favorite muffins, individual pizzas, casseroles or small chicken parts—cooked to perfection right on your countertop.
	Description: With a 1-3/5-cubic-foot capacity and 1250 watts of power, this full-sized microwave oven provides quick and easy meal preparation. Its one-touch sensor cooking adjusts power levels automatically, making cooking a variety of foods easier than ever.


Note: The photos and descriptions of products are adapted from an online shopping site.

If you could only buy product 1 (Black & Decker Toast-R-Oven 4-Slice Toaster Oven), what is the highest amount of money you would pay for it?  $          .

If you could only buy product 2 (Panasonic Full-Size 1250-Watt Microwave Oven), what is the highest amount of money you would pay for it?  $          .

· Uncertainty condition:

We are interested in how much you would be willing to pay for a lottery ticket that will for sure pay one of two possible rewards (both are equally likely). 

The lottery will either give you a Black & Decker Toast-R-Oven 4-Slice Toaster Oven or a Panasonic Full-Size 1250-Watt Microwave Oven.  (See more information about these two products below.)

	Product 1 (MSRP $75.99)
	Product 2 (MSRP $169.99)

	Black & Decker Toast-R-Oven 4-Slice Toaster Oven 
	Panasonic Full-Size 1250-Watt Microwave Oven 

	[image: image17.jpg]



	[image: image18.jpg]




	Description: This versatile toaster oven toasts, cooks, broils and reheats a variety of foods. Enjoy your favorite muffins, individual pizzas, casseroles or small chicken parts—cooked to perfection right on your countertop.
	Description: With a 1-3/5-cubic-foot capacity and 1250 watts of power, this full-sized microwave oven provides quick and easy meal preparation. Its one-touch sensor cooking adjusts power levels automatically, making cooking a variety of foods easier than ever.


Note: The photos and descriptions of products are adapted from an online shopping site.
What is the highest amount of money you would be willing to pay for this lottery ticket now?  $          .

Appendix B

Cumulative Distributions for the Three Scenarios in Study 2
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Figure 4(a).  Cumulative distribution of the willingness to pay for the $100 gain in a year and for the 50:50 lottery for a $100 or $200 gain in a year in the uncertainty-no load condition and uncertainty-numerical load condition.
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Figure 4(b).  Cumulative distribution of the work time for a payment of $25 and for the 50:50 lottery of a $25 or $50 payment in the uncertainty-no load condition and uncertainty-numerical load condition.
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Figure 4(c).  Cumulative distribution of the willingness to pay for a toaster oven and for the 50:50 lottery for a toaster oven or a microwave oven in the uncertainty-no load condition and uncertainty-numerical load condition.
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