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 A B S T R A C T

We introduce positive and negative endowment shocks and information frictions into an 
experimental labor market and study how firms share these with workers. Workers evaluate 
wages consistently with a reference wage, demanding higher (lower) wages but exerting the 
same effort when a positive (negative) shock is common knowledge. Their wage expectations 
adjust instantaneously to new information but sluggishly and asymmetrically when unaware 
of the shock. Firms form accurate beliefs about how shocks and information reshape effort 
responses and act on their beliefs, almost optimally in all scenarios. Our results suggest a limited 
role for other-regarding preferences and can be rationalized by a selfish firm best responding 
to a worker evaluating wages according to a reference wage.

. Introduction

Ample experimental evidence convincingly demonstrates that other-regarding preferences lead people to deviate from the 
elf-interested outcomes predicted by standard economic theory (Camerer, 2011). A significant stream in this literature models 
xperimental labor markets under symmetric information and stable economic conditions to study how variation in structural 
arameters influences wages, effort, and employment (Charness and Kuhn, 2011). A general finding is that other-regarding 
references prop-up wages and effort above the Nash equilibrium prediction (Fehr et al., 1993, 1998), which motivates many 
ehavioral labor market theories.1
However, the assumptions of symmetric information and stable economic conditions are unrealistic in most labor markets.2 

irms often experience economic volatility and have discretion over how much information they share with workers about their 
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nd participants at the 2022 ASFEE and 2020 and 2021 Annual Meetings of the Southern Economics Association. A. Guido gratefully acknowledges the hospitality 
f the GREDEG of Université Cote d’Azur at the CoCoLab (Complexity and Cognition Lab) during February 2018 and the financial support by the French Agence 
ationale de la Recherche (ANR) under grant ANR-18-CE26-0018-01 (project GRICIS). IRB approval number: IRB2018-1449D.
∗ Corresponding author.
E-mail addresses: a.guido@psbedu.paris (A. Guido), am04817@usc.edu (A. Martínez-Marquina), rarholes@olemiss.edu (R. Rholes).

1 Examples of theories include the fair wage–effort hypothesis (Akerlof, 1982; Akerlof and Yellen, 1988, 1990), reference dependence (Kahneman and Tversky, 
979), adverse selection in quits and hires (Weiss, 1980, 1990), and reciprocity and fairness (Rabin, 1993). For evidence on labor market dynamics, see Altonji 
nd Devereux (2000), Agell and Lundborg (2003), Dickens et al. (2007), Babecky et al. (2010), Kaur (2019), Jo (2024).
2 For example, using Danish data, Chan et al. (2020, 2023) report that wages adjust in the direction of productivity shocks and that adjustments are larger 
hen productivity shocks are positive.
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financial conditions. These two factors can drive workers’ effort response as they may accept wage cuts during well-known economic 
downturns (e.g., inflation in inputs or negative transitory shocks) but resist if unaware of the firm’s hardships (Bewley, 1995, 1999, 
2007). Similarly, they may expect wage hikes during widespread prosperity and retaliate if unmet. When a firm’s fortunes are private, 
a worker might not have enough information to demand higher compensation. Information asymmetries raise critical questions on 
the wage–effort relationship: on the one hand, how do firms adjust wages in response to economic volatility? And on the other, 
how do workers perceive wage changes based on available information? We propose that a worker evaluates wages with respect to 
a reference wage that depends on the firm’s economic conditions.3

Prior research has separately examined economic instability (Davis et al., 2017; Buchanan and Houser, 2022; Bejarano et al., 
2021) and information asymmetries (Rubin and Sheremeta, 2016; Dana et al., 2006, 2007; Feng et al., 2022; Werner, 2023; 
Buchanan et al., 2024) in principal–agent settings. Because of the relationship between reference wages and economic conditions, 
worker’s knowledge plays a crucial role in wage–effort dynamics. Understanding this is important since most real-world employment 
relationships feature at least some degree of information asymmetry.4 Furthermore, recent theoretical work suggests that these 
factors can potentially explain the sluggish wage adjustments and the dynamics observed in the U.S. labor market (Morales-Jiménez, 
2022).

Despite the growing body of research on this topic, relatively little is known about how wage–effort relationships evolve when 
both changing economic conditions and information asymmetries are present. We address this gap by integrating permanent 
endowment shocks with information asymmetry while eliciting beliefs from both firms and workers regarding effort response 
functions and wage expectations. This design lets us investigate how economic and information conditions shape wages and effort 
and helps disentangle self-interest from fairness motives. For example, firms sharing gains even when workers are unaware suggests 
intrinsic fairness, whereas withholding gains under asymmetric information points to profit-maximizing behavior.

We use a 2 × 2 between-subjects design to study how economic and information conditions influence decisions in an experimental 
labor market. Specifically, we examine: (1) how firms and workers form and update beliefs, (2) how firms share economic gains 
and losses, and (3) the speed and symmetry of adjustments in wage–effort relationships. We match subjects into stable pairs and 
randomly assign one to act as a firm and the other as a worker and have them interact for 20 periods. In each period, the firm 
receives an endowment that it splits between the worker’s wage and savings. The worker responds to the wage offer by choosing a 
costly level of effort. At the end of each period, both the firm and the worker learn their own payoff. Halfway through each session, 
we either increase or decrease (positive and negative) the firm’s endowment by one-third. In some treatments, the workers know of 
this shock (symmetric information), and in others, they do not (asymmetric information). In the latter, workers receive no information 
hinting at the possibility of a shock, ensuring that from their perspective, economic conditions remain constant throughout the 
study.

Three key findings emerge from our experiment. First, comparing results across information conditions reveals that a considerable 
portion of gift exchange behavior is driven by self-interest rather than purely other-regarding preferences. Under symmetric 
information, wages adjust in the direction of endowment shocks, with firms and workers sharing shocks roughly equally. Our belief 
elicitation reveals that firms do this because they anticipate that informed workers expect wages to adjust following endowment 
shocks. However, when workers lack information, firms capitalize on this asymmetry. Following a positive shock, firms keep a bigger 
portion to themselves and pass through wage increases that are only half as much as in the symmetric condition. Nonetheless, they 
still share the negative shock, with wages falling by about 20% less when firms know that workers are uninformed.

Second, we observe an asymmetric pattern in how workers update their expectations when facing wage surprises. When workers 
experience unexpected wage increases, they adjust their expectations relatively quickly — the gap between what they expect and 
what they receive vanishes after about 5 periods. In contrast, when workers face unexpected wage cuts, their expectations remain 
anchored to pre-shock levels. These misspecified expectations are costly for workers since we elicit them using accuracy-based 
incentives. As a consequence of the expectation mismatch, workers retaliate by choosing punitive effort levels that lower firms’ 
payoffs.

Third, firms generally form accurate beliefs about workers’ responses to wage changes, with one notable exception: they 
significantly underestimate workers’ retaliation against unexpected wage cuts. This miscalibration explains why firms with an 
informational advantage in our negative asymmetric treatment end up worse off — they set wages below profit-maximizing levels, 
failing to fully anticipate workers’ punitive responses.

Notably, these dynamics persist despite clear financial incentives for both parties to optimize their behavior: workers are 
incentivized to form accurate wage expectations, while firms are incentivized to maximize profits via wage-setting. Yet in the 
negative asymmetric shock scenario, we observe a persistent misalignment that causes sustained losses for both sides. This is not 
simply an information problem, as evidenced by the eventual convergence of actual and expected wages in the positive asymmetric 
information case. Rather, it suggests an asymmetry in how workers process and integrate negative shocks into market behavior, 
creating a ‘belief wedge’ that incentives alone fail to resolve.5

3 This is consistent with recent evidence from Feng et al. (2022), which demonstrates that sellers’ behavior depends on reference points formed by both 
contracts and market price information.

4 See Cullen and Perez-Truglia (2018, 2022) for evidence of information frictions.
5 This result aligns with Buchanan (2020) and Bushong and Gagnon-Bartsch (2024), who demonstrate that individuals project their current state onto 

others when predicting behavior, leading to systematic errors when others are in different states. Similarly, Buchanan et al. (2024) also find that firms’ beliefs 
underestimate the effect of nominal wage cuts.
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Our results highlight that worker behavior hinges on the economic conditions of the firm. Using this insight, we calibrate a 
structural model where workers’ reference wage depends on the firm’s endowment. We then estimate our model using pre-shock data 
and forecast reactions in post-shock periods, benchmarking against a model with a constant reference wage. Our model significantly 
outperforms the benchmark in all measures, demonstrating the value of adopting a dynamic reference wage that depends on the 
firm’s conditions.

Our work intersects with and extends experimental literature on how economic shocks influence gift exchange.6 Previous studies 
have looked at the effect of exogenous random shocks affecting either workers’ productivity or firm conditions. Gerhards and 
Heinz (2017) investigate how the anticipation of adverse shocks impacts gift exchange by incorporating probabilistic exogenous 
shocks into a two-period gift exchange game. They show that the mere possibility of a shock led to higher initial wages, which 
would subsequently decrease if the shock occurred, yet workers maintained reciprocity.7 In a related work, Bejarano et al. (2021) 
introduce probabilistic productivity shocks, both positive and negative, showing that wage changes occur under economic instability 
in general. Several related studies include firm-side or market-wide exogenous shocks. Buchanan and Houser (2022) shed light on 
the effect of recessions in a standard gift-exchange game and find that wage cuts lead to lower workers’ effort. We add to this 
literature by shedding light on the role of information asymmetries under economic unstable periods. While we corroborate these 
results under symmetric information, we show that the presence of asymmetric information exacerbates firms tendencies to behave 
opportunistically. Furthermore, relative to previous studies, we directly elicit incentivized beliefs from both firms and workers 
rather than inferring reference wages from past wages as in Bejarano et al. (2021). This helps us to understand how firms anticipate 
workers’ effort reactions and exploit information frictions to their advantage. In addition, we show that workers’ reference wage 
also depends on the firm’s conditions and not solely on past wages. Hence, they adjust to new information about the firm.

Our work also contributes to prior experimental studies on the effect of information asymmetries.8 Prior studies provided evidence 
that wage cuts were viewed as unfair unless rationalized by known exogenous conditions, like an economic downturn (Kahneman 
et al., 1986; Chen and Horton, 2016). Our study relates to this strand of literature by reporting evidence that unjustified wage 
cuts lead to severe worker retaliation, while justified cuts following observable shocks are punished less harshly. Closely related to 
our study is Rubin and Sheremeta (2016) who show that random productivity shocks impede gift exchange even when firms are 
fully informed about the shock.9 These findings imply that the imprecision of output metrics in organizations will tend to weaken 
gift-exchange. We add to these findings by (i) studying firms’ behavior when facing instability, rather than shocks affecting workers’ 
productivity, and (ii) that changing economic conditions tend to weaken gift-exchange even in the case in which workers are not 
perfectly informed about firms’ economic conditions.

Our work offers insights to the literature on reference dependence (Kőszegi and Rabin, 2006; Crawford and Meng, 2011; Abeler 
et al., 2011). Koch (2021) finds that contracts act as reference points, causing slightly more rigid wages during negative profit shocks 
in a symmetric information setting where firms and workers both know effort levels and economic conditions. Similarly, Doerrenberg 
et al. (2023) demonstrate that online workers respond more strongly along the extensive margin to wage cuts than to wage hikes. 
We contribute to this literature in several ways. First, we show how restricting information to workers leads to more muted and 
sluggish adjustments of reference wages. Second, we study wage–effort dynamics in response to both expansionary and recessionary 
shocks under various information conditions. We find an asymmetry in experience-based adjustments: workers update more rapidly 
to wage increases than to cuts. In contrast, news-based adjustments are immediate and symmetric across conditions.

We offer insights into the growing literature on downward wage rigidities, inspired by the seminal works by Bewley (1995, 
1999) and empirically tested in Kaur (2019), Dickson and Fongoni (2019) and Fongoni et al. (2024). Our work demonstrates 
how information asymmetries and reference-dependent wage expectations contribute to the empirical fact of wage-cut resistance, 
even in environments in which firms face economic shocks and have incentives to adjust wages. Additionally, our contribution is 
also methodological. Our extensive belief elicitation allows us to show that firm beliefs about worker effort provide an additional 
mechanism to explain firms’ reluctance to cut wages, consistent with survey evidence from Bewley (1995, 1999). Our results also 
align with Kahneman et al. (1986), who show that wage cuts are deemed fair when a firm faces financial distress but are resisted 
when perceived as opportunistic. In our experiment, workers accept wage cuts when aware of an exogenous shock but punish firms 
that attempt the same cut without transparency.

Section 2 briefly describes our conceptual framework, highlighting the role of information asymmetries, and describes our 
experimental design. Section 3 contains our main analysis and results. We show the results of our structural exercise in Section 4. 
Finally, Section 5 concludes.

6 There is an extensive literature modeling experimental labor markets as gift-exchanges. Examples using chosen effort are Fehr et al. (1993, 1998) and Charness 
(2004). Examples using real-effort tasks are Cohn et al. (2015); Greiner et al. (2011) and Hennig-Schmidt et al. (2010).

7 Other relevant studies show that temporary, probabilistic tax shocks that hit wages, productivity, or both can mute gift exchange following a wage 
shock (Kujansuu and Schram, 2021) or, on the contrary, gift exchange remained robust to cyclical productivity changes (Kocher and Strasser, 2011).

8 There is some evidence from dictator and ultimatum games which suggests that people strategically exploit asymmetric information in their favor when 
making pro-social decisions (Dana et al., 2006, 2007) and that varying information in ultimatum games shows that relative payoffs and fairness enter players’ 
utility functions (Mitzkewitz and Nagel, 1993; Kagel et al., 1996; Schmitt, 2004; Croson, 1996).

9 Yet, Davis et al. (2017) do not fully replicate these findings, suggesting that information about shocks to firms can restore the gift exchange relation.
3 
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2. Experimental design

Our conceptual framework illustrates how information asymmetries and economic shocks affect wage–effort dynamics. We model 
workers who care about both the absolute level of wages and their relation to the firm’s economic condition (i.e., the firm’s 
endowment). For simplicity, we consider a static framework where neither past experience nor reputation plays any role, although 
we will explore these factors in our main analysis.10 The key intuition is that workers’ reference-dependent preferences are calibrated 
relative to the firm’s endowment. Consequently, changes in the endowment will reshape the effort response function — but only if
workers are aware of these changes. Previous models employ similar logic by allowing for effort to respond to the introduction of 
minimal wages (Brandts and Charness, 2004; Falk et al., 2006; Owens and Kagel, 2010), a rise in inflation levels or a threat to firm 
profits (Kahneman et al., 1986; Kaur, 2019).

2.1. Conceptual framework

Consider a labor market with a single firm and single worker formed into a firm-worker pair. The firm has an endowment 𝑅
which she uses to set a wage 𝑤 ∈ [𝑤,… , 𝑅]. The worker provides costly effort 𝑒 ∈ [0, 𝑒(𝑤)], with 𝑐(𝑒) being the cost of effort and 
𝑒(𝑤) is the maximum possible effort that yields non-negative monetary payoffs (i.e, 𝑤− 𝑐(𝑒) = 0). For now, we assume that both the 
worker and firm have symmetric information regarding economic conditions, captured by 𝑅.

We adopt a widely-used profit function, first introduced in Fehr et al. (1993), Fehr and Schmidt (1997), that models a profit-
maximizing firm with no altruistic motives whose profit function depends on the endowment, the wage, and the worker’s effort. 

𝜋𝑖(𝑤, 𝑒) = (𝑅 −𝑤)𝑒. (1)

We show in Appendix B that our hypotheses are robust to assuming an alternative profit function, 𝜋 = 𝑅𝑒−𝑤.11 The worker’s utility 
function incorporates monetary incentives, reference-dependence, and other-regarding preferences. This yields a modified version 
of the effort response function introduced in Akerlof and Yellen (1988, 1990) which is similar in spirit to Dickson and Fongoni 
(2019): 

𝑈𝑗
(

𝑒,𝑤, 𝑅̃
)

= 𝑤 − 𝑐(𝑒) +𝑀
(

𝑤, 𝑅̃,𝑤0(𝑅̃)
)

⋅ 𝑒 (2)

where 𝑐(𝑒) is a strictly convex cost function of effort. The first component 𝑤 − 𝑐(𝑒) captures the monetary incentive of the worker 
while the last component 𝑀 is the ‘morale function,’ which captures three distinct features comprising the worker’s reference 
dependence and other-regarding preferences: 𝑤 is the wage offer, 𝑅̃ is the belief of the firm’s economic conditions, and 𝑤0(⋅) is 
the reference wage that depends on her beliefs about the firm. Since we assume 𝑐(𝑒) = .5𝑒2 in our experiment, the optimal effort 
level is 𝑒 = 𝑀

(

𝑤, 𝑅̃,𝑤0(𝑅̃)
)

. Hence, how the worker reacts to economic shocks and economic frictions critically depends on the 
assumptions we make on the moral function. Based on those, we can then study how firms react to shocks and set wages.

2.2. Endowment shocks and the role of information frictions

We assume a functional form for the moral function 𝑀 and solve the model via best response analysis (details in Appendix B), 
yielding the following optimal effort and wage levels: 

𝑒∗𝑖
(

𝑤, 𝑅̃,𝑤0(𝑅̃)
)

= 𝛼𝑗

(

𝜇 +𝑤 −𝑤0(𝑅̃)
𝑅̃

)𝛽𝑗
(3)

𝑤∗(𝑒∗) =
𝛽𝑗𝑅 +𝑤0(𝑅̃) − 𝜇

1 + 𝛽𝑗
(4)

Our functional form assumes 𝑤0(⋅) is order-preserving, so a higher endowment always warrants a higher wage. At the same 
time, the worker considers wages relative to the firm’s endowment. For example, suppose a worker receives a wage larger than her 
reference wage. Intuitively, our model says the worker will more strongly reward this wage coming from a poorer firm than a richer 
firm. This adds an additional channel through which changes in (information about) economic conditions impact the worker’s effort 
choices.

Using both Eqs.  (3) and (4), we can now illustrate the dynamics of the model in response to an endowment shock under both 
symmetric and asymmetric information conditions. Note that since firms care about workers’ responses and workers care about 
fairness, the firm indirectly incorporates fairness concerns when maximizing profits via wage selection.

We consider only exogenous shocks, not based on the firm decisions.12 Suppose there is an exogenous expansionary (recessionary) 
increasing 𝑅 to 𝑅′ that is known to both the firm and the worker. This shock puts upward (downward) pressure on wages via 𝑅

10 An interesting expansion of the model is that of incorporating the fact that sudden wage changes may signal to workers a change in firms’ economic 
conditions. While our actual design uses a dynamic setting so that we can study belief updating, we do not model these situations and limit the aim of this 
simple static model to develop intuition. Comparative statics help mimic average pre- and post-shock behavior in our experimental setting.
11 The advantage of this form is that the marginal product of the effort is not decreasing in the wage. However, it has the caveat of possible negative payoffs. 

Hence, we decided not to implement it in our experimental design. Another alternative we have encountered is 𝜋 = 𝑅−𝑤𝑒. However, with this functional form, 
profits are decreasing in the effort, and a firm could maximize profits by simply offering a wage of zero. Further, this solution is not unique. Imagine instead 
that the firm pays a wage of 𝑅. If the worker responds with 𝑒 = 0 then the firm still earns 𝑅 − 𝑅 ∗ 0 = 𝑅.
12 Our experimental setting best captures the circumstance of a firm facing an exogenous economic shock. Workers’ responses to idiosyncratic, endogenous 

shocks could differ. For example, if shocks were due to either good or bad management. However, we leave that heterogeneity outside our model and for future 
research.
4 
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and 𝑤0(𝑅). Thus, both the worker’s reference wage and the optimal wage adjust in the direction of an endowment shock under 
symmetric information. In this scenario, a change in 𝑅 changes the optimal wage 𝑤∗(𝑒∗) by 𝜕𝑤∗

𝜕𝑅 =
𝛽𝑗+𝑤′

0(𝑅)
1+𝛽𝑗

.

Hypothesis 1. Under symmetric information, a positive (negative) shock to the firm’s endowment leads to an increase (decrease) 
in the wage offered by the firm.

Now let us consider the worker’s effort response to a given wage 𝑤. Changes in the endowment 𝑅 impact effort levels through 
two channels: 𝑤0(𝑅) and the scaling factor 𝑅. When 𝑅 increases, both imply a decrease in the effort level for any given wage. This 
yields the following hypothesis:

Hypothesis 2. Under symmetric information, a positive (negative) shock to the firm’s endowment leads to the worker providing 
less (more) effort, relative to pre-shock effort levels, for each wage in the wage distribution.

Suppose instead that only the firm knows about the exogenous expansionary shock. Firm’s endowment shifts from 𝑅 to 𝑅′, 
leading to an increase in 𝑤∗(⋅) directly through the change in the endowment. However, the worker does not adjust her belief about 
𝑅, 𝑅̃, to its new level so that 𝑅 = 𝑅̃ < 𝑅′. As a result, 𝑤0(𝑅) = 𝑤0(𝑅̃) < 𝑤0(𝑅′). Since Eq.  (4) is strictly increasing in 𝑤0(⋅), the 
optimal wage 𝑤∗ under asymmetric information is lower that its analog under symmetric information.

Hypothesis 3. Information frictions moderate wage changes following an endowment shock.
When the worker is unaware of the endowment shock, her effort response function remains unchanged, 𝑅 = 𝑅̃. Because of this, 

the worker will react more strongly to a given wage increase than how she would react to the same wage increase under symmetric 
information since 𝑤−𝑤0(𝑅)

𝑅 < 𝑤−𝑤0(𝑅′)
𝑅′  when 𝑅′ > 𝑅.13 This leads to the following hypothesis:

Hypothesis 4. Workers respond more strongly to wage changes following an endowment shock under asymmetric information than 
symmetric information.

Overall, this simple model illustrates that information structure can play a critical role in determining allocations following 
economic shocks. Our experimental design, which closely mimics the intuition of this model, provides a direct test for these 
hypotheses. While we do not allow firms to strategically disclose endowment shocks, another prediction of our model is that a 
firm will always want to reveal negative news. However, other considerations outside the scope of our simple model such as outside 
investment, reputation or stock prices might cause firms to not disclose negative news. Though including these features could lead 
to interesting insights, we leave these nuances for future work.

2.3. Experimental design

Our experimental design extends the classic gift-exchange game in three important ways. First, firms face either a positive or 
negative permanent shock to their endowment. Second, we introduce information frictions by varying workers’ awareness of the 
shock. Finally, we elicit firms’ beliefs and workers’ effort strategies both before and after the shock occurs.14 The confluence of these 
extensions allows us to distinguish between self-interest and other-regarding motives in firms’ wage choices and to understand the 
role of information frictions in wage–effort dynamics.

The firm receives an endowment of 𝑅 at the beginning of each period and makes a wage offer 𝑤 using a simple input box. We 
inform the worker of 𝑤, then allow the worker to choose costly effort 𝑒 ∈ {0,… , 𝑒(𝑤)}, where 𝑒(𝑤) is the largest effort level that 
does not yield a negative payoff for the worker. We provide the worker with a slider tool that displays payoff information for both 
the firm and worker based on hypothetical effort levels to help them make this choice. In asymmetric treatments, we conceal from 
the worker the firm’s payoff information, as this would reveal the shock. Hence, workers choose their effort levels without this 
extra information. Although this difference could, in principle, introduce bias between conditions, we find no significant differences 
in effort levels across treatments during the pre-shock periods. This suggests that the absence of payoff information did not affect 
workers’ effort choices. We provide examples of both the firm’s and the worker’s decision screens in the Appendix (see Appendix 
F). Both players then receive feedback on their respective payoffs and the firm also learns about the worker’s effort.

After 10 rounds of baseline play where 𝑅 = 12, we introduce a permanent session-level endowment shock: 𝑅 = 16 following 
a positive shock and 𝑅 = 8 following a negative shock. Shocks are common knowledge in the symmetric information treatment. 
However, only firms learn of the shock in the asymmetric information treatment, and workers have no possibility to learn or infer the 
change in endowment. The only exception is firms that offer wages higher than 12 in the positive asymmetric condition, which in our 
sample occurs only twice. In those instances, we reveal the shock to that particular worker in the same fashion as in the symmetric 
information treatments. To ensure that firms understand the information structure in our asymmetric information treatments, we 
add a short comprehension test regarding firms’ beliefs about workers’ knowledge of the shock.15 Variation in these two factors, 
shock direction and information structure, yields our 2 × 2 between-subjects design summarized in Table  1.

13 This assumes 𝛼𝑗 > 0, which is akin to assuming at least some degree of other-regarding behavior.
14 Armouti-Hansen et al. (2020) use a similar elicitation method in their recent working paper.
15 We screen out confused subjects using results from this quiz. We find no differences in confusion across treatment conditions (6 subjects in positive shock 

and 4 in negative shock, p-value=0.267).
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Table 1
Summary of design treatments.
 Treatments Shock information Endowment Participants 
 Positive Firms and Workers 12 → 16 56  
 Negative Firms and Workers 12 → 8 66  
 Pos. Asymmetric Only Firms 12 → 16 56  
 Neg. Asymmetric Only Firms 12 → 8 72  

We elicit the firm’s beliefs of her own worker’s effort response, and her worker’s corresponding effort response function by 
implementing the strategy method in periods 5, 10, 11, and 15. This allows us to understand how beliefs evolve as a function of 
experience during baseline play, how beliefs respond to shocks, and how the structure of information surrounding the shock affects 
beliefs. We do this by asking what effort the participant playing the role of firm expects from the worker at each possible wage.

In these same periods, we also elicit the worker’s wage expectation for the current period and use the strategy method to elicit 
the worker’s corresponding effort response function after first asking her wage expectation in that period. We provide example 
screenshots for both in Appendix F.

We incentivize the worker during elicitation periods by implementing her effort response function and paying her $5 for a correct 
wage belief. We incentivize the firm’s beliefs by paying $5 if the effort guess of a randomly selected wage from the wage distribution 
is within .25 units of the actual effort response for that wage.

During elicitation periods, both the firm and the worker can explore all hypothetical choices before providing a response. Similar 
to how the worker chooses effort in non-elicitation periods, both the firm and the worker can use a slider to understand how a 
potential effort level for each wage translate into payoffs. After the first elicitation period, we remind each subject of their own 
choices in the previous elicitation period. Thus, any changes in beliefs or effort reflect actual updates and not a lack of recollection. 
We provide instructions on screen for subjects during all elicitations.

Before moving to results, we briefly address two possible design concerns. First, we circumvent hedging in elicitation periods 
by randomly paying subjects for either the accuracy of beliefs or for choices.16 One may wonder if employing the strategy method 
during elicitation periods induces an artificially high degree of monotonicity in effort responses. However, Maximiano et al. (2007) 
shows in a multi-worker gift-exchange game that the strategy method has a negligible effect, if any, on subject behavior. This finding 
is especially true in low-complexity environments.17

Second, we consider our specific choice of information structure. Despite information frictions, participants are always aware 
of how their choices will impact their per-period monetary payoffs in all treatments and roles. Although workers sometimes have 
incomplete information since they do not observe the firm’s payoff, this does not constitute deception according to the long-standing 
convention about information omission in experiments (Hey, 1998; Hertwig and Ortmann, 2008; Charness et al., 2022). As a 
robustness test, we run a separate experiment with a smaller number of subject pairs in which we explicitly reveal to workers 
that endowments might change during the experiment, introducing the possibility of higher-order beliefs to influence wage and 
effort dynamics. For example, a firm could exploit this alternative design by introducing a discrete wage cut, hoping the worker 
rationalizes the wage cut as the result of an exogenous shock to their endowment. We find that our results are robust to this 
alternative (see details in Appendix E). This is consistent with an exit survey, where half of the participants do not think a shock 
occurred, and only 30% guess the direction of the shock correctly.

2.4. Procedures and implementation

We recruited a total of 250 undergraduate student subjects from Texas A&M University via the recruitment system ORSEE (Greiner
2015). We programmed all experimental software using oTree (Chen et al., 2016).

Each session began by reading experimental instructions aloud and administering comprehension quizzes. We deliver instructions 
in two parts. First, we provided subjects a brief set of instructions outlining basic components of the game like experimental length, 
formation of pairs, and anonymity (see instructions in Appendix D.1), and then administered a first comprehension quiz. We then 
provided a second set of instructions detailing game play and payoffs (see instructions in Appendix D.2) followed by a second 
comprehension quiz.

Following the second quiz, we randomly assign participants to the role of either firm or worker and form firm-worker pairs 
and familiarize them with the experiment via three unpaid practice periods. Following practice periods, we randomly form new 
firm-worker pairs that remain stable for the subsequent 20 paid periods. Subjects completed a short socio-demographic survey and 
the end of the experiment. Following this survey, we released subjects and paid them privately. The average payment in our sessions 
was $25 and each session lasted approximately 90 min.

16 For example, a firm that suspects a worker will not reciprocate but wants to offer a high wage with the hope of reciprocation may guess that the worker 
will provide low effort at this wage.
17 See Cason and Mui (1998), Brandts and Charness (2000), Oxoby and McLeish (2004), Bosch-Domènech and Silvestre (2005).
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3. Results

We find that information frictions play a fundamental role in determining the allocation of exogenous economic shocks in our 
experimental labor markets. Under symmetric information, shocks are shared almost equally between firms and their counterparts, 
while information frictions produce an asymmetric response, with uninformed workers retaliating against wage cuts. A key outcome 
is that the more informed party does not always benefit from information frictions.

Firms’ beliefs are highly accurate in most treatments and they rapidly adjust to economic shocks. Workers’ wage expectations 
also adjust to information about economic shocks. However, in the absence of information and relying only on experience, we find 
a sluggish and asymmetric adjustment in expectations following economic shock

3.1. Wage–effort dynamics in symmetric information

We first consider wage–effort dynamics. Figs.  1(a) and 1(b) show that both wages and effort adjust as a consequence of the 
endowment shocks. Under symmetric information, average wages increase by about 2.25 units following a positive exogenous 
economic shock. This wage increase – slightly more than half of the shock – yields a small, albeit statistically insignificant, 
response in effort (p-value = 0.229). Negative shocks induce an average wage cut of 2.1 units, which again prompts a small, 
statistically insignificant decrease in effort (p-value = 0.157). Both wage changes are highly significant (p-values < 0.001), in line 
with Hypothesis  1, and of similar magnitudes, indicating a symmetric response to shocks.

Result 1.  Under symmetric information, wage adjustments are positively correlated with endowment shocks but do not induce significant 
changes in effort.

These changes in wages and effort are consistent with firm-level beliefs about workers’ effort response functions. To see this, 
consider Figs.  2(a) and 2(b), which show how endowment shocks reshape firms’ beliefs about worker’s responses. Firms’ choices 
reveal that, under symmetric information, firms’ beliefs move in the opposite direction of the endowment shock: they expect less 
effort for a given wage after a positive shock, indicated by a downward slope in the pre/post beliefs, and more effort following a 
negative shock, which causes the upward slope. Put another way, firms in our symmetric information treatments are obligated to 
share a positive shock to maintain effort levels and are allowed to share a negative shock without reprisal from the worker.

Firms’ beliefs about how shocks impact effort responses are quite accurate (see figures A5 and A6). This suggests that firms in 
our experiment correctly anticipated that workers care about the intentions behind wage choices. Notably, this holds even when 
firms predicted effort changes at wage levels they had not previously offered.

Result 2.  Under symmetric information, firms’ beliefs reflect workers’ expectations of sharing the consequences of exogenous economic 
shocks, regardless of direction. These beliefs are accurate.

The fact that the effort-response function adjusts in Fig.  2(b) following these shocks is consistent with our theoretical framework 
and supports Hypothesis  2. This suggests that workers consider more than just the level wage level when making effort decisions. 
Instead, our results suggest that workers care about the wage relative to the firm’s endowment. Firms anticipate this and adjust 
wages accordingly following endowment shocks, which supports the assumption of accurate contingent reasoning in both classical 
and behavioral models of principal–agent interactions.

Result 3.  Workers’ effort responses to a given wage account for the economic conditions of the firm. This is reflected across the full wage 
schedule.

3.2. Wage–effort dynamics in asymmetric information

Information frictions moderate the reaction of wages to endowment shocks and also impacts how workers respond to wage cuts. 
These results provide support for Hypothesis  3. Wages increase by only 1.22 (p-value = 0.017) units on average following the positive 
shock, which is a bit less than half of the wage hike following an equivalent endowment shock under symmetric information (diff. 
1.13, p-value = 0.092). Workers do not exhibit a significant response to this muted wage hike. Following a negative shock, firms 
cut wages by 1.7 units, which is about 20% less severe than the wage cut under symmetric information, although it is statistically 
similar (p-value = 0.258). Despite this smaller wage cut, workers exhibit a large and highly significant reduction in effort of .48 
units (p-value < 0.001). This effort cut is four times larger than the average effort cut under symmetric information.

Hypothesis  4 states that workers would be more responsive to wage changes under information frictions. This is clearly true 
following negative shocks, where effort cuts are four times as large under information frictions even though wages fall by 20% less. 
The positive shock case is more nuanced. In the positive treatments, although wage increases are half as large, they induce the same 
effort change from the workers. In other words, firms can increase wages by half as much to induce a similar effort response under 
information frictions.

Result 4.  Information frictions moderate wage dynamics but amplify the wage elasticity of effort following shocks. This amplification is 
asymmetric; effort responds much more strongly to wage cuts than hikes.
7 
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Fig. 1. Average Wage and Effort Responses by treatment.
Notes: This figure shows the average wage (a) and effort choice (b) for each round. We normalize each variable by subtracting the pre-shock average and exclude 
pairs where the firm did not pass the asymmetric test. We depict the average change in wages (c) and effort (d) following endowment shocks in each of our 
four treatments (bars) surrounded by 95% confidence intervals estimated using a series of random-effects linear regressions that group pre- and post-shock data. 
We control for the final round, gender, if the pair played the Nash equilibrium strategy (defined as the worker selecting effort equal to 0 for all possible wages 
in at least one elicitation) and for the corresponding average wage offered during the trial rounds. Clustered standard errors at the individual level. We report 
the full output in Tables A6 and A7.

Firm beliefs about effort response in Fig.  2(a) reflect a clear understanding that information frictions conceal shocks from workers. 
Whereas firms expect shocks to reshape the effort response function under symmetric information, firms correctly predict a static 
effort response function under information frictions. This difference in beliefs, coupled with choice data, gives critical insight into 
the motives underlying firm behavior.

What we see is that firms facing full-information conditions correctly believe that workers will demand higher wages and thus, 
they pay higher wages. If firms were solely other regarding then we would expect equivalently high wage hikes following a positive 
shock under both information conditions. Instead, we see that the firms who believe workers will not demand higher wages do not 
pass through of positive shocks. Taken together, this suggests a self-interested firm that increases wages under symmetric information 
partly because they know the worker will demand higher wages.

What we see is that firms facing full-information conditions correctly anticipate how workers’ effort functions respond to shocks 
and adjust wages accordingly. We also observe that firms correctly anticipate that uninformed workers will not demand higher wages 
following a positive endowment shock and will not tolerate wage cuts as severe as those under full information following negative 
shocks. If other-regarding preferences alone motivated how firms allocate shocks, we would expect similar wage increases following 
a positive shock under both information conditions. Instead, we see that firms who believe workers will not demand higher wages 
do not fully pass through positive shocks. This pattern suggests that firms increase wages under symmetric information primarily 
because they anticipate workers’ economic demands, not solely due to fairness considerations.
8 
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Fig. 2. Beliefs and Effort Responses to Shocks.
Notes: This figure depicts the average change in firms’ beliefs and workers’ effort responses between pre and post-shock periods in each of our four treatments. 
Pre-shocks elicitations are pooled together, similarly with post-shocks elicitations. A positive (negative) slope indicates an increase (decrease) in expected effort 
with respect to the pre-shock period. We excluded pairs in the asymmetric information conditions where the firm did not pass the asymmetric info check. For 
more details, refer to Table A8 and A9. In addition, we report non-pooled beliefs and effort responses in Figures A5 and A6.

Result 5.  Other-regarding preferences alone cannot explain how firms share positive shocks, since wage increases are only about half as 
large in asymmetric information than in symmetric information.

3.3. Payoffs and the distribution of endowment shocks

Our primary finding in this subsection is that information structure matters for determining allocations of shocks. Interestingly, 
it is not always the more informed party who benefits from information frictions in our experiment. To see this, consider Fig.  3, 
which shows two things. First, information frictions benefit firms following a positive shock and harm firms following a negative 
shock. Second, the opposite is true for workers, whose payoffs increase less following positive shocks but fall less following negative 
shocks whenever information is asymmetric.

Under symmetric information, firms and workers split endowment shocks almost equally. Because of this, positive shocks increase 
payoffs for both firms and workers by a similar amount (2.6 vs 2 units, p-value = 0.216), and negative endowment shocks decrease 
payoffs by comparable magnitudes (2.5 vs 1.9 units, p-value = 0.084).

Making information about shocks asymmetric greatly benefits firms following positive endowment shocks. Information frictions 
allow firms to capture a much larger share of the shock without negatively impacting worker effort. This is because workers in 
asymmetric information treatments do not adjust their reference wage following the shock, which implies that their effort response 
functions remain unchanged (see Appendix, Figure A6).

Firms correctly predict this (Fig.  2(a)), and significantly reduce pass-thru of the positive endowment shock. Though wages 
increase less when information is asymmetric, effort responses are equivalent to the symmetric information setting. This causes 
firm profits, on average, to increase by about twice as much relative to the symmetric information setting (1.85 units increase, 
p-value = 0.063). In contrast, workers’ payoffs increase little – if at all – when information is asymmetric. Taken together, this 
means firms increase their profits by about four times as much as workers following a positive shock.

Information frictions harm firms following negative endowment shocks. The average firm’s payoff falls by about 72% more under 
asymmetric information (1.77 units decrease, p-value = 0.003). Though firms correctly infer that the worker’s stated effort response 
function is static across the shock due to asymmetric information (Fig.  2(a)), they share the shock nonetheless.18 Wage cuts cause 
wages to fall significantly below the worker’s reference wage, which were also static due to asymmetric information. This leads to 
drastic and punitive effort cuts that severely impact firm profits.

On the other hand, workers benefit from information frictions following a negative shock. Although they are the less informed 
party, the average worker payoff falls by only about 57% of what it does under symmetric information (0.73 units increase, p-value 
< 0.001). This happens because punitive effort cuts greatly reduce the cost of effort. Coupled with a slightly higher average wage, 
this leads to a higher payoff relative to the symmetric information setting. However, asymmetric information is less beneficial to 
workers when the endowment shock is positive; average payoffs increase by about half of what they do under symmetric information 
(1.09 units decrease, p-value = 0.044).

18 This aligns with Eq.  (4) where wages always adjust in the direction of endowment shocks.
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Fig. 3. Firms and Workers Payoffs Changes to Shocks.
Notes: This figure shows the average firms’ (a) and workers’ payoffs (b) for each round. We normalize each variable by subtracting the pre-shock average and 
exclude pairs where the firm did not pass the asymmetric test. We depict the average payoffs for firms (c) and workers (d) in each of our four treatments (bars) 
surrounded by 95% confidence intervals estimated using a series of random-effects linear regressions that group pre- and post-shock data. We control for the 
final round, gender and if the pair played the Nash equilibrium strategy (defined as the worker selecting effort equal to 0 for all possible wages in at least 
one elicitation). We excluded pairs where the firm did not pass the asymmetric info check. Clustered standard errors at the individual level. We report the full 
output in Tables A10 and A11 in the Appendix.

Result 6.  Under symmetric information, profits adjust equally for firms and workers regardless of shock direction. Under asymmetric 
information, it is not always the more informed party that benefits from information frictions. Firms capture significantly more profit following 
a positive shock but experience larger profit losses following a negative shock.

3.4. Optimal wages and beliefs accuracy

After studying wage–effort dynamics, we next look at whether firms form accurate beliefs about optimal wages and if they act on 
these beliefs. Overall, we find that firms act as profit maximizers: they do form accurate beliefs and make beliefs-consistent decisions. 
This provides suggestive support that people adhere to the sort of best-response analysis commonly used to solve principal–agent 
problems in theory.

Table  2 reports three key pieces of information. We report in column 1 the wage that maximizes firm profits based on firms’ 
beliefs about workers’ effort response functions. Column 2 reports the wage that will actually optimize firm profits based on workers’ 
elicited effort responses. Finally, column 3 reports the wage that a firm actually offers.

Firms’ beliefs are mostly accurate: optimal wages based on firms’ beliefs (column 1) closely match optimal wages based on 
workers’ effort responses (column 2) in all treatments prior to any endowment shock. And although endowment shocks shift effort 
responses, firms anticipate this and adjust wages accordingly so that offers never diverge significantly from the actual optimal 
10 
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Table 2
Expectations and wage optimality rounds 5, 10, 11 and 15.
 (1) (2) (3) (1) – (3) (2) – (3)
 Optimal wage Optimal wage Wage offer Difference Difference
 wrt beliefs wrt responses p-value p-value

 Pre (+) 6.35 6.25 6.66 0.48 0.22  
 Post (+) 8.53 8.62 8.89 0.50 0.65  
 Pre (+Asym.) 6.04 6.40 5.97 0.88 0.38  
 Post (+Asym.) 6.61 7.06 7.31 0.15 0.75  
 Pre (−) 6.81 7.46 6.81 1.0 0.12  
 Post (−) 4.56 4.96 4.59 0.91 0.12  
 Pre (−Asym.) 5.54 6.23 5.68 0.70 0.18  
 Post (−Asym.) 3.89 4.95 3.93 0.87 0.04  
Notes: Optimal wage with respect to beliefs is the average of optimal wages according to firms beliefs. Similarly, Optimal wage 
with respect to responses is the average of the optimal wages based on workers response function. Wage offer is the wage offered 
by the firm in the elicitation rounds. We exclude pairs where the firm did not pass the asymmetric test. Pre-shock and post-shock 
rounds are pooled respectively. Columns 4 and 5 report the p-values of a paired t-test for the equality of columns 1–3 and 2–3, 
respectively.

wage.19 The one exception we observe comes in our negative asymmetric information treatment, where firms do not anticipate 
workers retaliating for unexpected wage cuts with punitive effort cuts. Thus, the average firm’s offer is too low relative to the 
actual average profit-maximizing wage.

Firms’ actions are consistent with their beliefs. Comparing columns 1 and 3 of Table  2 confirms that firms offer wages that are 
optimal according to their beliefs. Differences between these columns are never statistically significant. This is true even in our one 
treatment (negative asymmetric) where the firm holds incorrect post-shock beliefs about the profit-maximizing wage.

Result 7.  Firms typically form highly-accurate beliefs. However, firm beliefs are misspecified following negative asymmetric shocks. Firms 
act on their beliefs, including their misspecified beliefs. This leads to a belief-driven failure in profit maximization.

3.5. Dynamic reference dependence and information frictions

We now consider how workers’ wage expectations adjust following endowment shocks.20 Two key insights emerge. First, we 
find that wage expectations adjust instantaneously and accurately in response to information about economic shocks, which aligns 
with Abeler et al. (2011).21 Second, when information is asymmetric, wage expectations can still adjust based on post-shock 
experience (in line with Thakral and Tô, 2021). However, adjustment is sluggish relative to a full-information setting and adjustment 
dynamics depend on the direction of wage surprises.

Under symmetric information, workers’ wage expectations are accurate in both pre- and post-shock periods. These expectations 
are stable on either side of the shock but adjust between periods 10 and 11. We show this in Table  3, which reports average wages, 
average wage expectations, and their difference for each elicitation period in all treatments. This is true even though workers 
have not experienced any post-shock wage offers, which highlights the importance of information about the firm’s endowment in 
establishing wage expectations and effort responses. The stability of wages and expectations between rounds 5 and 10 allay any 
concern that the updating in wage expectations between rounds 10 and 11 are a continuation of pre-shock trends.

Discrepancies occur in asymmetric information treatments because information frictions prevent wage expectations from 
adjusting to the real endowment. Since wages adjust in the direction of endowment shocks, workers receive an unexpected wage 
hike following a positive shock and an unexpected wage cut following a negative shock.

We find that experience alone in the positive asymmetric treatment eventually leads workers to form accurate expectations 
about wage offers. Immediately following the shock, average wages adjust by more than one point (from 6.13 to 7.36, column 
1) while wage expectations remain relatively constant. Thus, average wage expectations are significantly below average wages 
(p-value = 0.042). However, experiencing higher wages for several periods causes expectations to adjust upward so that by round 
15 average wages (7.27, column 1) and wage expectations (7.04, column 2) are no longer significantly different (p-value = 0.701). 
This demonstrates the ability of expectations to adjust via experience alone following economic shocks despite workers’ complete 
lack of information regarding the shock.

We do not observe this same adjustment following wage surprises in negative shock sessions. Average wages (4.03, column 4) 
and wage expectations (5.4, column 5) are significantly different following a negative shock (p-value < 0.001). Despite workers and 
firms interacting for several post-shock periods together, and workers consistently receiving wages below their expectations, we find 

19 Note that even if beliefs and effort responses do not change, optimal wages are still impacted by changes in endowment, as seen in Eq.  (4).
20 One can think of wage expectations as a reference point, akin to Kőszegi and Rabin (2006).
21 Abeler et al. (2011) manipulate the rational expectations of subjects and show this impacts wage–effort dynamics via a reference wage. We show that 

information about changes in economic conditions, coupled with previous worker–firm experience, is enough to instantly shift wage expectations.
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Table 3
Average wage offers and wage expectations [in elicitation rounds].
 Positive asymmetric Negative asymmetric
 (1) (2) (1) – (2) (4) (5) (4) – (5)
 Wage Expected Difference Wage Expected Difference
 Offer Wage p-value Offer Wage p-value

 Round 5 5.81 5.54 0.610 5.68 5.87 0.612  
 Round 10 6.13 5.59 0.248 5.68 6.18 0.283  
 Round 11 7.36 6.04 0.042 4.03 5.4 0.000  
 Round 15 7.27 7.04 0.701 3.84 5 0.000  
 Pairs 22 22 – 32 32 –  
 Positive full info. Negative full info.
 Round 5 6.64 6.71 0.787 6.78 6.42 0.402  
 Round 10 6.67 6.75 0.871 6.84 7.21 0.360  
 Round 11 8.57 8.5 0.911 4.39 4.81 0.080  
 Round 15 9.21 8.78 0.312 4.78 4.72 0.839  
 Pairs 28 28 – 33 33 –  
Notes: Wage offer is the wage offered by the firm in the elicitation rounds. Expected wage is the wage that workers expect to 
receive in each elicitation rounds. We exclude pairs where the firm did not pass the asymmetric test. We report the p-values of 
a paired t-test for the equality of means.

that significant differences between wages and wage expectations persist through round 15 (p-value < 0.01). Importantly, average 
wages in this treatment are stable across post-shock rounds. This means that the difference between wages and wage expectations 
is driven by the failure of expectations to adjust rather than by an adjustment of wages.

Overall, this constitutes strong evidence that expectations adjustment is not symmetric in the presence of information frictions. 
People are willing to adjust expectations upward to meet unexpected wage surprises but expectations are more strongly anchored 
and sluggish to adjust whenever wage surprises are negative. This asymmetric adjustment aligns with Bewley (1999, 2007), who 
show via survey evidence that a primary component of downward nominal wage rigidity is an expressed concern from managers 
that lowering wages will destroy worker morale and reduce effort.

Result 8.  Announcing endowment shocks instantly shifts workers’ wage expectations while information frictions lead to a sluggish and 
asymmetric adjustment; wage expectations and actual wages eventually converge following positive shocks but do not following negative 
shocks. Instead, the wage expectations of workers remain significantly higher than the actual wage.

Similarly, our evidence is consistent with the idea of wage ratcheting observed in Kaur (2019), where positive shocks generate 
persistently higher nominal wages but negative shocks do not lead to nominal wage cuts. In her setting, individuals believe nominal 
wage cuts are unfair and lead to effort reductions. Our evidence on expectation adjustment shows that wage hikes lead to quick 
upward updating while the opposite is not true for wage cuts under information frictions. Arguably, this rapid updating might 
anchor workers expectations and reduce tolerance for wage cuts in the future.

We next explore how the misalignment of wages and expectations impact effort choices. To do this, we first classify firm-worker 
pairs into three groups (Above, Below, or Equal) according to their wage offers relative to wage expectations in round 11. Using 
these classifications, we look for heterogeneous effects in effort choices using the same specification as in our previous analysis. We 
report results from this exercise in Table  4 where our main coefficients of interest are Post×Above and Post×Below, which report 
how effort responds to the surprise component of wages that are above or below the worker’s wage expectation. We first consider 
results from our positive shock treatments. Whenever workers do not expect wage hikes following a positive shock, they strongly 
reciprocate wage increases (1.137 units, column 2). This effect is not present under symmetric information where workers expect 
wage increases following positive shocks. Instead, we see that workers strongly punish wages that fall short of their new, higher 
wage expectations whenever they know of the positive endowment shock (−1.266 units, column 1). This suggests that a rationale 
for firms to increase wages under symmetric information is avoiding retaliatory effort cuts when expectations are not met, rather 
than to elicit a higher effort via reciprocal motives. In contrast, when information frictions mask firm’s intentions, workers who 
receive a wage above expectations elicit a higher effort response.

In the negative shock treatments, we find that workers strongly punish wage cuts if they are unexpected and lead to shortfalls 
relative to expectations (−0.446, column 4). However, this same effect is not present in the negative, symmetric information treatment 
(−0.176, column 3). This suggests that workers are more lenient with wage short falls whenever they expect (and can rationalize) 
wage cuts. It is worth remembering that the average wage is indeed quite similar in the post-shock rounds of both negative shock 
treatments. We can see that the large decrease in effort following the endowment shock in our negative asymmetric information 
treatment (−0.48, Fig.  1(d)) is driven largely by workers retaliating against unexpected wage cuts (−0.44).

Taken together, our analysis in this section suggests that information frictions are more costly in terms of efficiency following 
negative shocks because sluggish adjustment of expectations leads to prolonged bouts of punitively low effort.
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Table 4
Effort responses and wage expectations in round 11.
 (1) (2) (3) (4)
 Effort choice Effort choice Effort choice Effort choice
 (pos. shock) (pos. asym. shock) (neg. shock) (neg. asym. shock)
 Mean of dep. var. 1.440 *** 1.402 *** 1.330 *** 1.274 ***  
 (0.242) (0.326) (0.120) (0.179)  
 Post 0.559 *** −0.737 *** −0.253 ** −0.099  
 (0.093) (0.263) (0.127) (0.115)  
 Post×Above 0.023 1.137 *** 0.138 0.082  
 (0.186) (0.325) (0.209) (0.447)  
 Post×Below −1.266 *** 0.319 −0.176 −0.446***  
 (0.178) (0.330) (0.223) (0.146)  
 Male 0.222 0.133 0.183 0.292  
 (0.283) (0.465) (0.201) (0.224)  
 Nash eq. 0.536 *** −0.678 −0.876*** −0.726***  
 (0.152) (0.449) (0.324) (0.248)  
 𝑂𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠 308 242 363 352  
Notes: Results from random-effects linear regressions that include controls indicating gender and if a worker ever played Nash 
equilibrium in an elicitation period. Above indicates wage offers above, Below wage offers below and Equal corresponds to pairs 
with offers equal to workers’ expectation in round 11. Standard errors clustered at the individual level in parentheses. * 𝑝 < 0.10, 
** 𝑝 < 0.05, *** 𝑝 < 0.01.

4. Estimating the model and evaluation

In simple structural estimation exercise, we quantify the out-of-sample predictive power of our model (Eqs. (1) and (2)) relative 
to a baseline model that incorporates a static reference wage and does not respond to economic shocks: 

𝑒∗(𝑤) = 𝛼
(𝑤 − 𝑎

𝑏

)𝛽
(5)

where 𝑎 and 𝑏 are constants to keep the benchmark comparable to our model. We first use data from both pre-shock elicitation 
rounds to structurally estimate the parameters of both models. Next, we predict out-of-sample post-shock effort levels and wages 
using our previous estimates. Finally, we compare these predictions to actual wage and effort choices and compute a mean squared 
predicted error (MSPE) for each subject. Although our model has an additional degree of freedom due to the dynamic reference 
wage, it is worth mentioning that prediction improvements are not mechanical, as we impose a functional form on the reference 
wage.22 If our functional form is misspecified, that would cause lower predictive power for our suggested model.

We perform this estimation exercise using only subjects from symmetric information treatments. This is because the two models 
make almost identical predictions under asymmetric information – a prediction fully supported by our data – since the endowment 
remains unchanged from the worker’s perspective following the endowment shock.23 For details on the structural estimation 
identification and procedure, refer to Appendix section C.

4.1. Post-shock effort predictions

We summarize results of effort predictions in Fig.  4, which displays cumulative distribution functions (CDFs) of individual-level 
MSPEs for workers (a and b) and firms (c and d) using the benchmark model (red solid line) and our model (blue solid line). The 
corresponding vertical lines denote the medians of the two distributions.24

Fig.  4 provides compelling evidence that our model outperforms the benchmark model in predicting both firms’ beliefs about 
worker effort and workers’ actual effort response functions. Our model reduces the median individual MSPE of effort response 
predictions by 24% following a positive endowment shock 4(a) and by 54% following a negative shock 4(b) relative to the benchmark 
model (one-sided Wilcox test p-values are 0.078 and 0.012 respectively). Likewise, our model reduces the median individual MSPE of 
predictions about firm beliefs by 65% after a negative shock 4(d) relative to the benchmark model (one-sided Wilcox test p-values is 
< 0.001). However, we find that both models predict firm beliefs equally well following a positive endowment shock (4(c), one-sided 
Wilcox test p-value is 0.409).

22 In particular, we assume the reference wage is a constant fraction of the firm’s endowment.
23 The only differences arise from two pairs in the positive asymmetric condition that chose to reveal the shock to their counterpart by offering a wage larger 

than 12.
24 We evaluate medians rather than means to ensure that a few extreme outliers are not driving our results.
13 



A. Guido et al. Journal of Economic Behavior and Organization 237 (2025) 107169 
Fig. 4. Individual Mean Squared Prediction Error (MPSE) for Effort Choices.
Notes This figure shows CDFs of mean squared prediction errors (MSPEs) in rounds 11 and 15 for workers (panels a and b) and firms (panels c and d). Red 
dashed CDFs correspond to the benchmark model. Solid blue CDFs correspond to our relative wage model. Red vertical lines shows the median of the MSPEs 
from the benchmark model and the blue vertical line the median of the MSPEs from the relative wage model.

Table 5
Predicted wage comparison [in post-shock rounds].
 (1) (2) (1) – (2) (4) (1) – (4)
 Wage Model Model Benchmark Benchmark 
 offer  prediction  deviation prediction deviation  
 Positive 9.06 9.08 0.980 8.47 0.215  
 Positive asym. 7.86 7.41 0.544 – –  
 Negative 4.74 4.78 0.909 5.45 0.063  
 Negative asym. 4.06 4.26 0.495 – –  
Notes: This table compares predicted wages for our model (2) and a benchmark model (4) to actual wage offers (1) in all the 
post-shock rounds but the last period. Columns (3) and (5) report p-values of the difference between wage offers and model 
predictions respectively.

4.1.1. Post-shock wage prediction
Next, we use our estimates for the firms in the pre-shock periods to obtain a prediction for wage offers in the post-shock periods 

and compare this to observed wage offers. Table  5 shows that our model does remarkably well in predicting shifts in wage offers 
— there is no significant difference between observed wages (column 1) and wages predicted by our model (column 2) in any of 
our four treatments.

Fig.  4 shows that accounting for changes in economic conditions matters for two reasons. First, our model allows reference 
wages to adjust when economic conditions change whereas the benchmark model does not. Intuitively, we account for the idea that 
workers will share shortfalls and expect to share windfalls whenever they are exogenous. Second, effort accounts for wages relative 
to the firm’s endowment. This captures the idea that a person’s degree of altruism can depend on the perceived wealth of a firm 
and hence, why information about that wealth matters.

We find that firms correctly predict both of these channels, which is why our model better predicts firm’s beliefs about effort 
response functions. Because firms act on these beliefs, our model also outperforms the benchmark model in predicting wages. 
14 
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More subtly, what we learn from Fig.  4 is that information structure helps determine how changes in economic conditions impact 
wage–effort dynamics.

Finally, we want to emphasize that there is no tradeoff for using our model instead of the benchmark model. Out-of-sample 
predictions from our model are always at least as good as those from the benchmark model — usually, they are much better. More 
generally, it may make sense to adapt behavioral models of the labor market to account for changes in economic conditions and 
relative information sets.

5. Conclusion

This paper explores the role of information frictions in an experiment intended to capture key aspects of a labor market setting. 
We first build intuition using a toy model about how information frictions can significantly impact wage–effort dynamics. Our 
key insight is that workers evaluate wages relative to a reference wage, which itself depends on economic conditions. Because 
of this relationship, information frictions regarding economic conditions play a significant role in determining how wage–effort 
dynamics evolve in response to economic shocks. We then incorporate permanent endowment shocks, information frictions, and 
belief elicitation into a gift-exchange game to demonstrate these insights empirically.

Our results suggest workers evaluate wages according to a state-contingent reference wage. These state-contingent reference wages 
adjust instantaneously in response to news about endowment shocks so that subsequent wage changes are not a surprise and lead to 
little, if any, changes in effort. However, this dynamic reverses whenever endowment shocks and wage changes surprise uninformed 
workers. When surprises are positive, the uninformed worker’s effort responds about twice as strongly as the informed workers. If 
the surprise is negative, the uninformed worker cuts effort four times more than the informed worker.

Experience alone can remove the wedge between wage expectations and wages. However, adjustment depends critically on the 
direction of wage surprises. Expectations fully adjust by our second post-shock elicitation in round 15 following positive wage 
surprises. In contrast, workers are more reluctant to adjust their reference wage in response to negative wage surprises. Because 
of this, wages and wage expectations remain significantly different in our second post-shock elicitation round. This is true even 
though, in both instances, average wages remain relatively stable across post-shock elicitation rounds. This asymmetric adjustment 
helps rationalize both wage ratcheting and downward nominal wage rigidity as empirical regularities.

Accounting for economic shocks and information frictions almost always improves the out-of-sample predictive power of the 
analogous behavioral labor market model. An implication is that models of reference dependence should allow for information 
frictions, especially when concerned with the dynamics of reference dependence.

Our results imply that differences in institutional features that create firm-level heterogeneity in information frictions may 
themselves lead to differences in wage frictions. For example, wage dynamics might differ between public and private firms, since 
the latter retain discretion and the former are compelled to reveal information. These features may also be cultural and lead to 
peer-to-peer information gaps. For example, recent work documents the reluctance to discuss wages between coworkers (Cullen and 
Perez-Truglia, 2018). Our results on the asymmetric adjustment of reference wages could rationalize this reluctance since only low-
paid workers will likely revise their reference wages.25 This aligns with evidence on pay secrecy and effort provision from Nosenzo 
(2013) and Cullen and Perez-Truglia (2022). Our results are also consistent with Kline et al. (2019), who show that workers capture 
about 30 percent of patent-induced productivity shocks but that this share is roughly double for workers who were with a firm when 
they originally filed for the patent and that wages for new entrants do not respond to these shocks. To some extent, employees 
familiar with the patent filing and decision, or who participated in its development, have more information about the potential 
impact of the patent decision on firm profitability.

Though our results shed light on the allocation of surplus resulting from exogenous economic shocks, it is often true that real-
world surplus is endogenous. This can obviously influence both the worker’s information set and the firm’s outlook on welfare 
distribution. A meaningful extension then of our work might be to endogenize economic volatility while revealing different amounts 
of information to workers about output and how output relates to their own effort provision. Importantly, the asymmetric adjustment 
of wage expectations that we observe highlights the importance of the economic context underpinning a firm’s wage decisions.
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25 Charness and Kuhn (2007) provide evidence that revealing wages may not lead to lower effort.
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