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Abstract

In information provision experiments, researchers often estimate the causal effects of
beliefs on actions using two-stage least squares (T'SLS). This paper formalizes exclusion
and monotonicity conditions that ensure TSLS recovers a positive-weighted average of
causal effects. We assess common TSLS estimators for both passive and active control
designs from the literature; we find that two commonly-used passive control estimators
generally allow for negative weights. The choice of passive control estimator affects the
magnitude and significance of estimates in simulations and in an empirical application.

We give practical recommendations for addressing these issues.

There has been a surge in research that uses the random provision of information to
estimate the causal effects of beliefs on actions.! These information provision experiments can

help test the assumptions of economic models, differentiate across theoretical mechanisms,
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1. In macroeconomics, researchers have studied the effects of beliefs about inflation, GDP growth, and other
macroeconomic indicators on firm and household decision making (Coibion, Gorodnichenko, and Ropele 2020;
Coibion et al. 2021; Coibion, Gorodnichenko, and Weber 2022; Coibion et al. 2023; Kumar, Gorodnichenko,
and Coibion 2023b); in labor economics, researchers have studied the effects of beliefs about others’ wages on
one’s own efforts and job search decisions (Cullen and Perez-Truglia 2022; Jager et al. 2024), and how beliefs
about labor market tightness affect support for unions (Pezold, Jager, and Niiss 2023); at the intersection of
labor and public finance, researchers have studied the effect of beliefs about future government benefits on
human capital investments (Deshpande and Dizon-Ross 2023); yet others have studied the effects of beliefs
about discrimination on policy preferences (Haaland and Roth 2023; Settele 2022).



and inform economic policy (Haaland, Roth, and Wohlfart 2023). Given the importance of
these goals, it is essential that the causal parameters of interest be carefully defined and
accurately estimated.

In practice, however, the causal parameters of interest are often informally defined, or are
developed in stylized models that impose strong conditions on agents’ beliefs, learning, and
actions. In such models, it is unclear which of the implied restrictions drive the conclusions of
an information provision experiment. Relatedly, it is ambiguous which of the many estimation
strategies from the literature recover interpretable causal parameters. This paper addresses
both of these concerns.

An information provision experiment generally proceeds as follows. First, the experiment
elicits features (e.g., expectations) of agents’ prior beliefs over a set of action-relevant states.
Next, the experiment randomly assigns agents to a treatment or control group. The treatment
group always receives information. In passive control experiments, the control group receives
no information. In active control experiments, the control group receives alternate information
to induce different beliefs compared to the treatment group. Following information provision,
the experiment elicits features of agents’ posterior beliefs, and records the actions taken under
those posterior beliefs. Finally, the experiment uses group assignment—often interacted with
functions of the prior features and signals—to instrument for beliefs in two-stage least squares
(TSLS) regressions of actions on posterior features.

We introduce an instrumental variables (IV) framework where agents update their priors
based on the provided signals, and take actions based on their posterior beliefs. If signals
affect actions solely through the feature of interest, then TSLS recovers a weighted average
of partial effects of features on actions, albeit with some potentially negative weights.

To attain positive weights when group assignment is the sole instrument, the monotonicity
condition of Imbens and Angrist (1994)—henceforth, IA monotonicity—requires that agents
respond to assignment in the same direction. That is, for all agents, counterfactual posteriors
when assigned to treatment must be greater than counterfactual posteriors when assigned to
control (or vice versa). This holds, for instance, if one assumes widely considered Bayesian
Normal-Normal models and conducts an active control experiment with signals that agents
view to be equally precise.

IA monotonicity generally fails in passive control experiments: Agents with priors below
their signal update positively, whereas agents with priors above their signal update negatively.
To attain positive weights in passive control experiments, the TSLS estimator must include a
“sign correction” that effectively partitions the agents into two groups: one in which agents’
priors are below their signals, and one in which the reverse is true.

Of the four prevalent TSLS specifications for passive control, only two incorporate valid

sign corrections, thereby generating estimates that are uncontaminated by negative weights.



We recommend that researchers use either of these two specifications: (i) instrument with
an indicator for treatment times the sign of the perception gap (i.e., the signal minus the
prior) or (ii) instrument with an indicator for treatment times the perception gap itself.
Notably, researchers should not include a separate indicator for treatment. Under conditions
on agents’ posterior formation, these two specifications ensure positive weights, with the
latter up-weighting agents that have larger perception gaps.

We estimate the various passive control specifications in simulation and with data from
an information provision experiment in the literature, Kumar, Gorodnichenko, and Coibion
(2023b), which examines the effects of firm beliefs of future GDP growth on business decisions.
In the simulation, the two contaminated specifications produce estimates half the magnitude
of the two uncontaminated specifications. Using the data from Kumar, Gorodnichenko,
and Coibion (2023b), we find that for three outcomes, the uncontaminated specifications
produce estimates that are one-third to two-thirds of the magnitude of those produced by the
contaminated specifications; for one outcome, while the contaminated specifications’ estimates
are statistically significant, the uncontaminated specifications’ estimates are not. Together,
these examples show that the choice of specification can substantially impact the magnitude

and significance of one’s estimates.

Related Literature. Our formulation of the causal effects of beliefs as the partial effects of
features aligns with existing empirical practice, and nests models where agents optimize their
actions given beliefs (Cullen and Perez-Truglia 2022; Balla-Elliott 2023; Jéger et al. 2024).
We allow for heterogeneous partial effects across agents and feature values, consistent with
formulations in other IV settings with continuous endogenous variables (Angrist, Graddy,
and Imbens 2000; Rambachan and Shephard 2021; Andrews et al. 2023).

Our proposed sign correction approach is analogous to notions of “weak” monotonicity,
which allows the direction of TA monotonicity to depend on covariates (Stoczyriski 2020;
Blandhol et al. 2022). A valid sign correction ensures “monotonicity correctness” for the
TSLS first-stage (Blandhol et al. 2022).

Haaland, Roth, and Wohlfart (2023) survey applications of information provision exper-
iments and give guidance on experimental design, belief elicitation techniques, and other
technical challenges. In contrast, we develop theory for estimating causal effects. The closest
to our paper in this regard is the independent and concurrent work of Balla-Elliott (2023),
who likewise studies TSLS estimators in information provision experiments. Balla-Elliott
(2023) considers the partial effects of expectations, and targets an average partial effect that
places equal weights across agents. To identify this equally-weighted parameter, Balla-Elliott
(2023) appeals to the structure of (i) active control experiments and (ii) linear updating of
expectations. In contrast, since we primarily seek to characterize existing TSLS specifica-

tions, our framework permits weaker conditions on agents’ actions and beliefs. Finally, while



Balla-Elliott (2023) also interprets TSLS specifications from the literature, we discuss and

characterize a more comprehensive set of specifications in a more general framework.

Outline. Section I introduces the IV framework. Section II presents the TSLS specifications
of interest and formalizes the sign correction condition. Section III discusses restrictions on
agents’ posterior formation that determine which specifications provide valid sign corrections.
Section IV empirically compares the different passive control specifications. Section V pro-
vides practical recommendations to researchers, including implications of our framework for

experimental design. Section VI concludes.

I. Setup

We consider agents ¢ with beliefs B € B, where B C A({2) is a set of probability distributions
over states w € Q. Examples of B include (i) sets of distributions for which relevant moments
exist and (ii) sets of parametric distributions. We consider features ¢ € R of these beliefs.
Formally, ¢(B) denotes the value of feature ¢ under belief B € B. Examples include the
mean ¢(B) = u(B) = [wdB(w) and the variance ¢(B) = 0*(B) = [(w — u(B))*dB(w).

A. Experiment

An information provision experiment generally proceeds as follows. First, the experiment
elicits features ¢;0 = ¢(By) of agents’ prior beliefs B;g. Next, the experiment assigns agents
to a control or treatment group z € {C, T} and provides signals S7 € S, where S is a set of
possible signals. Agents assigned to group z update their prior beliefs B,y to form posterior
beliefs B, which induces posterior features ¢ = ¢(B7).

Given realized group assignment Z; € {C, T}, agents’ posterior beliefs B;; = B,L-Zf influence
actions Y; € R, which the experiment records; formally, there exist action functions Y;*(B)
satisfying Y; = Y;7(By;). Finally, the experiment elicits posterior features ¢;; = ¢Z'. The goal

is to estimate the causal effects of beliefs on actions.?

Example 1 (Passive Control). In a passive control experiment, the control group receives no
information: S¢ = s?, where s? is the “null signal.” In one such experiment, Jéiger et al. (2024)
elicit workers’ expectations of their outside option wages; the feature of interest is the mean
¢ = pand w € = R, indexes potential wages. Expectations influence labor market behavior
Y;. Workers i assigned to treatment are told the average wage S! of workers with similar

characteristics. Thus, the set of possible signals is S = R, U {s7}.

2. Alternative goals include estimating the causal effects of information on actions (Bursztyn, Gonzdlez,
and Yanagizawa-Drott 2020) or beliefs (Cavallo, Cruces, and Perez-Truglia 2017).
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Example 2 (Active Control). An active control experiment provides information to both
groups. In one such experiment, Roth and Wohlfart (2020) elicit households’ expectations of the
likelihood of a recession; the feature of interest is the mean ¢ = p and w € Q = {0, 1} indexes
whether a recession will occur. Expectations influence economic decisions Y;. Households
assigned to control (treatment) receive the prediction of an optimistic (pessimistic) forecaster:
S# = s* for all 4, where s < sT are probabilities the forecasters assign to w = 1. Thus, the

set of possible signals is S = [0, 1].

Information. Henceforth, we refer to non-null signals as “information.” Moreover, we use
“information provision” and “group assignment” interchangeably, since in practice the experi-
ment gives information to least one group. In Examples 1-2, this information is quantitative.

However, our general framework accommodates qualitative information.

Multiple Groups. For experiments with more than two groups, a researcher can condition
on group pairs, apply our results, and then aggregate—see online Appendix A.2. This pairwise
approach avoids complications that arise when interpreting TSLS with multiple instruments
(Mogstad, Torgovitsky, and Walters 2021).

B. Instrumental Variables

Let X, be a vector of agent characteristics. We assume group assignment Z; is a valid I'V.
Assumption 1 (Valid IV). Z; satisfies

(i) IV independence: Z; \L(X;, Bio, {57, B7i, Y (B)}.cqc.1},8¢B);

(it) IV exclusion: Y7(B) = Y;(B) for all z € {C,T} and B € B.

IV independence means the experiment cannot assign groups based on characteristics X,
prior features ¢;, etc. However, it allows the signals S? to depend on such variables, as in
Example 1. A sufficient condition for IV independence is simple random assignment, which is
standard in the information provision literature.

IV exclusion means information provision only affects actions through posterior beliefs.
This accommodates “emotional responses” to information (Haaland, Roth, and Wohlfart
2023), provided that such responses operate through belief formation; examples include

belief-based utility and motivated reasoning (Brunnermeier and Parker 2005; Epley and
Gilovich 2016).



C. Belief Fxclusion

We assume actions depend on beliefs through the feature of interest ¢. Moreover, we suppose
the set of feature values {¢(B) : B € B} is convex: For any two values in this set, any third
value between them can be attained by some B € B. This ensures the causal effects below

correspond to beliefs that agents can hold.?

Assumption 2 (Belief Exclusion). {¢(B) : B € B} is convex, and there exist continuously
differentiable functions Y;(¢) defined over it satisfying Y;(B) = Y;(¢(B)).*

Belief exclusion aligns with existing practice from the literature, which often frames the
causal effects of beliefs on actions in terms of features. If 2 = {0, 1}, then this holds for the
mean: ¢(B) = p(B). More generally, if B is parametrized by ¢, then actions can be taken to
depend on beliefs through ¢; examples include one-parameter exponential families (Lehmann
and Casella 2006). If B is non-parametric (e.g., the set of distributions with finite second
moments), then an alternative approach is to restrict agents’ preferences. For example, if
agents are risk neutral in the sense that their actions depend on beliefs solely through first

moments, then Y;(B) = Y;(x(B)). Online Appendix A.1 formalizes these arguments.

Causal Effects. Given an agent i and a feature ¢, the derivative 0Y;(¢)/0¢ is the effect of a
marginal increase in ¢ on ¢’s actions, holding all else fixed. We formulate the causal effects of
beliefs on actions in terms of these partial effects. Online Appendix A.3 provides extensions
to behavioral elasticities (Haaland, Roth, and Wohlfart 2023) and discrete actions.

Relationship to IV Exclusion. If one executes TSLS with ¢;; as the endogenous variable,
then belief exclusion is a natural requirement: IV exclusion for Y;?(B) and belief exclusion in
¢ imply IV exclusion for the induced Y;*(¢).

Multiple Features. Belief exclusion rules out cases where multiple action-relevant features
change across groups; see Section V.A for further discussion. While restrictive, the alternative
is to contend with multiple endogenous variables. In such cases, TSLS generally does not

recover interpretable causal parameters (Bhuller and Sigstad 2022).

II. TSLS

Throughout we maintain Assumptions 1-2.

3. Convexity holds when B is sufficiently rich—see online Appendix A.1.
4. Y;(-) refers both to a function Y;(B) that inputs beliefs and a function Y;(¢) that inputs features.



A. Specifications

Let W; be a covariate vector (containing a constant 1) that may include components and/or

functions of (X;, ¢4, SE, ST). Consider outcome equation
(1) Yi = Wiy + Béa + ¢

Due to endogeneity in ¢;; = ¢(By1), the ordinary least squares (OLS) estimator for equation
(1) suffers from omitted variable bias. To address this endogeneity, TSLS estimators leverage
the exogenous variation in beliefs B;; from group assignment Z;. In the information provision
literature, the TSLS first-stage takes the form

(2) b =W+ 1{Z; = T}H!m + ¢,

where the interaction vector I; is comprised of components of W.

Interaction 1. Roth and Wohlfart (2020) consider I; = 1 for all ¢, which corresponds to a
standard TSLS specification (Imbens and Angrist 1994).

I; = 1 is used in active control experiments, whereas the interactions below are used in
passive control experiments with quantitative information. In what follows, sign(z) = 1{z >
0} — 1{x < 0} is the sign function.

Interaction 2. Cantoni et al. (2019) consider I;" = sign(ST — ¢y), where ST — ¢y is the
perception gap.® This allows the first-stage effect of information provision Z; on ¢;; to depend

on whether agents are “underestimators” (¢; < SI) or “overestimators” (¢ > ST ).

Interaction 3. Cullen and Perez-Truglia (2022) consider I7"" = SI' — ¢;9, which allows the

(2

first-stage effect of Z; on ¢;; to depend on the sign and magnitude of agents’ perception gaps.

Interaction 4. Jiger et al. (2024) consider I} 9% = (1, ST — ¢y)'. This is similar to I7°?, but
allows the first-stage to estimate effects of Z; on ¢;; that operate beyond perception gaps.

Interaction 5. Kumar, Gorodnichenko, and Coibion (2023b) consider I} 7" = (1, ¢s)". To

,prior

our knowledge, I; is only used when S is constant. Deshpande and Dizon-Ross (2023)

consider I; = (1, S¥, ¢;0)’ for heterogeneous S¥.

B. TSLS Estimand

Under standard sampling assumptions and regularity conditions, the TSLS estimator based

on equations (1) and (2) converges in probability to the TSLS estimand. We thus abstract

5. This term is typically reserved for settings where the content of ST is “comparable” to the values of ¢,
as in Examples 1-2. But for ease of exposition, we refer to ST — ¢;o as the “perception gap” whenever SI € R.
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from estimation issues and focus on interpreting [rsrg, which is the component of the TSLS
estimand corresponding to the coefficient on ¢;; from (1).

Given some interaction I;, if the first-stage generates sufficient variation in ¢;; (i.e., the
IV rank and relevance conditions hold), then the TSLS coefficients are identified and Srgrs

recovers a weighted average partial effect (APE).

Proposition 1. If E[W,W/] is full-rank, P(Z; = z) > 0 for each z € {C, T}, and E[;¢11|Z; =

7

T) - E[L¢n|Z; = C] # 0, then

9Y:(9)
510

' I;( 1T1

C
J B il) oo

where \i(¢) is the density of the uniform distribution on the range of ¢ between ¢§, and ¢F .

(3) Brsis = Elw! Bi], w! =

Proof.
The TSLS estimand is the vector of coefficients from the population OLS regression of Y; on
W; and the fitted values from the population OLS regression of ¢;; on W; and I,1{Z; = T'}.
OrsLs is the coefficient on the fitted values. Thus, Assumption 1 implies

E['1;Y;|Z; = T] - E['LYi|Zi = C] _ E[r'L(Yi(B}) — Yi(Bg))]

PrsLs = Eln'L;¢pn|Z; = T| — Eln' Lipi| Z; = O] E[n'I;(¢f — 65)]

Assumption 2 and the fundamental theorem of calculus give Y;(B%) — Yi(BS) = Y;(¢}) —
Yi(¢5) = (081 — 051)8s. O

Proposition 1 shows that Grsps recovers a weighted APE, constructed as follows. First, for
each i, the partial effects 9Y;(¢)/0¢ are averaged over ¢ between ¢ and ¢%, with uniform
weights \;(¢). This generates within-agent APEs f;, which are then averaged across all agents,
with weights w! that depend on (i) differences ¢, — ¢ in counterfactual posterior features;
and (ii) linear combinations 7'I; of the first-stage coefficients. The former gives the effect of
information provision on the belief feature: ¢, — 05 = (¢ — bi) — (05 — bi). The latter is

the first-stage prediction of this effect.

C. TSLS Weights

The within-agent APE f3; is contained in the convex hull of i’s partial effects: weights \;(¢) are
non-negative and integrate to one. However, E[w! f3;] need not be contained in the convex hull
of the within-agent APEs: Even though E[w!] = 1, it is possible that w/ < 0 for some 7. This
complicates the causal interpretation of Srgrs. At worst, we may have frsis = E[w/! Bl] <0
even when f3; > 0 for all 7 (Blandhol et al. 2022). We therefore seek conditions under which
BrsLs recovers a (weakly) positive-weighted APE.
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Proposition 2. Suppose E[n'I;(¢5, — ¢5)] # 0. Then w! > 0 for all i if and only if one
of the following holds: (i) «'I; > 0 implies ¢} > ¢ and ©'I; < 0 implies ¢} < ¢S or (ii)
7' I; > 0 implies ¢, < ¢$ and 7'I; < 0 implies ¢f, > ¢5.

Proof.
The if direction follows immediately. For the only if direction, when E[r'I;(¢4 — ¢5)] > 0,

w) >0 = |7'I|sign(x' L) (¢} — ¢1) > 0,

which implies (i). Reverse the inequality when E[7'[;(¢ — ¢%)] < 0, which implies (éi). [

Recall that 7'I; is the first-stage prediction for ¢}, — ¢4, the effect of information provision
on the feature. Proposition 2 shows that, to recover a positive-weighted APE, it is necessary
and sufficient that the signs of the first-stage predictions match the directions of the true

effects—except for agents with 7'I; = 0, who receive zero weight regardless.

Intuition. Consider a passive control experiment where agents (i) update their priors ¢;o
towards the signals S] when treated and (ii) maintain their priors otherwise. Proposition 2
says that, for a TSLS specification to produce positive weights, it must include an interaction
I; that effectively partitions the agents into underestimators (¢, < SI), who update their
priors positively, and overestimators (¢;0 > S7), who update their priors negatively. In Section
IT1.B below, we show that under these assumptions only two of the four prominent passive

control specifications are valid sign corrections in the sense of Proposition 2.

Remark 1. When [; is scalar, m drops out of w!. Proposition 2 can then be stated with I,
instead of 7'I;. TA monotonicity (i.e., ¢5 > ¢$ for all i, or vice versa) induces trivial sign
correction I; = 1. Related results are Blandhol et al. (2022, Proposition 9) and Stoczynski
(2020, Theorem 3.5), which analyze TSLS under “weak” monotonicity: ¢4 > ¢ on one set
of values for (X;, ¢, SC, ST) and ¢4 < ¢ on the complement of that set.® Proposition 2
permits a third set, corresponding to agents with 7'I; = 0, over which (¢4, ¢%) may vary

arbitrarily.

III. Posterior Formation

We derive sign corrections by placing structure on agents’ posterior formation, which consists

of (i) what agents assume about the signals and (ii) how agents update their priors. We use

this structure to assess which interactions I; from the literature are valid sign corrections.
We introduce two stylized setups: Binary-Binary and Normal-Normal. In both setups, the

agents are Bayesian and the feature of interest is the mean ¢ = u. The Binary-Binary setup

6. This induces Sign correction Ii = E[¢21|Z1 = T, Xi7 ¢i03 SC ST} — ]E[¢i1|Z,' = O, Xiv ¢i05 SC ST}

1 7 1 7



is an illustrative example where IA monotonicity always holds. The Normal-Normal setup is
common in the literature (Cullen and Perez-Truglia 2022; Fuster et al. 2022; Balla-Elliott
et al. 2022; Jager et al. 2024), and provides simple guidance for deriving sign corrections.

After applying our framework to these setups, we discuss generalizations in Section I11.C.

A. Setup 1: Binary State and Binary Signal

Consider a stylized model of workers’ beliefs about their outside options—i.e., the wages a
worker would earn if they switched jobs. There are two possible states Q = {Low, High}: In
the Low (High) state, the outside option is lower (higher) than current wages. Worker i puts
prior probability ;0 on High, and 1 — ;o on Low. The experiment randomizes workers to
control or treatment, providing “low” and “high” signals s* and s, respectively. The low
(high) signal informs workers that similar workers earn less (more) than them.”

Consider the high signal—the discussion for the low signal is analogous. Workers assume
the experiment is more likely to provide s when the state is High. Thus, under Bayesian
updating, workers update their priors towards High when provided s”. That is, when told
that similar workers earn more than them, the workers believe that their outside options
are more likely to be high. Formally, workers assume the signals are drawn according to

probabilities ¢(s|w) that satisfy

q(s"|High) _ q(s"|Low)
q(s“|High) = q(s*|Low)’

Under Bayesian updating, workers’ posterior probabilities in treatment and control satisfy

q(sL|Low)
mi _ q(st|High)
ns q(s"|Low)
q(s"|High)

(1 = pio) + pio
> 1.

(1 — fi0) + pio

IA monotonicity holds: pf > p& for all i. Consequently, I; = 1 is a valid sign correction;
standard TSLS recovers rgis = E[w! ;] with weights

R L el i1

"OE[lph - kil T
which emphasizes workers with large differences in counterfactual posterior probabilities.

Remark 2. In the Binary-Binary setup, agents are limited to updating towards the same

state regardless of priors, which forces IA monotonicity to hold. In fact, this is true for any

7. In practice, it would of course be unethical to do such a randomization and lie to workers.
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configuration of conditional probabilities g(s|w), so long as the set of states w € 2 and the
set of signals s € § are binary. Thus, IA monotonicity holds in the Binary-Binary setup for
any signal type, and for both passive and active control experiments. This no longer holds

once we introduce more states or more signals.

B. Setup 2: Normal Prior and Normal Signal

Now, the set of states are potential log wages {2 = R. Workers have Normal prior beliefs

Bio = N (140, 02) over their potential outside options w € Q.

Passive Control. For workers assigned to treatment, the experiment provides the log average
wage S! of workers with characteristics X;. Treated workers update their prior expectations
pio towards the signals S¥. To formalize this, suppose workers assume the signals are drawn
according to a Normal distribution N (w,¢?) with unknown mean w and known variance 2.
Under Bayesian updating, treated workers form Normal posterior beliefs B = N (1}, 0%),

where

2
T50

4 I — ST+ (1 —r) 2 = (1—r;)02 ;= 0
() i1 T304 +( T):u07 0i1 ( T)0207 r 0.120_'_§2

The updating rule for posterior expectations is linear: The posterior mean u, is between the
prior mean p; and the signal S, with the learning rate r; measuring the extent to which
worker i updates their prior towards the signal.®

In contrast, workers assigned to control receive no information and maintain their priors:
1S = pio. Whether a worker i would have a larger posterior mean in treatment or control
depends on whether their prior mean is above or below their signal: X — u§ = 7;(ST — u0).
Therefore, IA monotonicity fails.

To address the monotonicity failure, one must use an interaction I; that has the same
sign as the perception gap S — ju;0, which corrects for the sign of pf, — u§ in the sense of
Proposition 2. This can be achieved with I*" = sign(ST — p1;0) or I = ST — pus, which
correspond to Interactions 2-3. TSLS with these interactions recovers frsrs = E[w! ;] with

weights

sign 7”1’S;11—/L10|

ri| ST — piol?
w9 = >0, w? = !
E[rs| ] — piol]

o E[Tz‘|S¢T—M0’2]

>0,

which emphasize workers with high learning rates and large perception gaps. w{* “up-weights”
sign
i

workers with large perception gaps, relative to w, “". We discuss practical implications of this

up-weighting in Section V.C.

8. For a derivation, see Hoff (2009).
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Remark 3. If learning rates and perception gaps are independent, then Interactions 4-5 are
also valid sign corrections that produce w{*’—see online Appendix B.4.° A special case of
independence is constant learning rates, which forces a linear relationship between u}, — u$
and ST — ;0 across agents—in this case, the coefficient on 1{Z; = T'} in Interaction 4 is zero
so that @' I}9%" o 19", While constant learning rates are often assumed for exposition in the

literature, Interactions 4-5 are non-robust to plausible departures from this assumption. By

gap
i .

contrast, I7*? always produces w

Active Control. In the passive control setup above, IA monotonicity fails because workers
can update positively or negatively, depending on their priors. In the active control setup
below, however, the experiment provides distinct—but equally credible—pieces of information
to both treatment and control so that the relationship between the counterfactual posteriors
is the same regardless of the prior.

Formally, the experiment has two signals (SC, ST); S¢ < ST for all 4, which is standard in
the active control literature. As before, workers assume the signals are distributed AV (w, ¢?), so
linear updating (4) holds for both treatment and control. Thus, ul, — u§ = r;(SF — S¢) >0
for all 7; that is, IA monotonicity holds. Consequently, I, = 1 is a valid sign correction;
standard TSLS in active control recovers Brgrs = E[w! ;] with weights

1 ri| S =S¢

YT RB|ST = SC) T

which emphasizes workers with high learning rates and large differences in potential signals.

C. Generalizations

In online Appendix B, we develop a general model of posterior formation that nests the above
setups. In particular, we provide general conditions on agents’ assumptions about the signals
and agents’ belief updating rules under which I79" and 19" are still valid sign corrections.
Informally, the main idea is that agents should update their priors “towards” the signals.
This assumption is applicable to both the mean ¢ = p and the variance ¢ = 2. For example,
in Kumar, Gorodnichenko, and Coibion (2023b), firms in one treatment group are provided
the average forecast of expected GDP growth from a panel of experts; presumably, a larger

average forecast leads firms to form higher expectations p of GDP growth.!? In another

9. This assumes S is constant when using Interaction 5, which is standard practice.

10. This may not hold in other contexts. For example, some agents may believe that signals of historically
high inflation imply lower future inflation, and others the reverse. This may also be problematic when signals
and features correspond to different states. For example, Coibion, Gorodnichenko, and Weber (2022) consider
inflation expectations and have a treatment arm that provides information about unemployment; some agents
may believe that inflation is positively correlated with unemployment, and others the reverse.
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treatment group, firms are given the difference in forecasts between the most and least
optimistic experts; presumably, a larger difference in the forecasts leads firms to have higher
uncertainty o2 in their beliefs.

Formally, we suppose agents assume the signals are drawn from distributions that satisfy
the monotone likelihood ratio (MLR) property: Larger realizations of the signals tend to
occur under larger realizations of the state. Many exponential families, such as the Normal
signal distributions from Section II1.B, satisfy the MLR property (Casella and Berger 2021).
We use the MLR property to derive sign corrections for the leading case of the mean ¢ =
under a broad class of belief updating rules, which includes non-Bayesian rules considered in

the behavioral economics literature (Gabaix 2019; Benjamin 2019).

IV. Application

In this section, we compare estimates from different passive control interactions. First, we
present a simulation in a Normal-Normal setup where agents’ prior means ;9 are correlated
with prior variances ¢%. We show that the valid interactions I;"" and /" (i.e., Interactions

PO (i.e., Interactions 4-5), which

2-3) produce coefficients over twice as large as I} and I;
generate negative weights. Second, we compare the interactions using data from Kumar,
Gorodnichenko, and Coibion (2023b), who study how firms’ expectations and uncertainty of
future GDP growth affect their economic decisions. We show that the choice of interaction
affects the magnitude and significance of estimates. Online Appendix D provides an analogous

application to Jager et al. (2024).

A. Simulation

In the Normal-Normal setup with constant signals, a necessary condition for I;"9°? and ;"""

to generate negative weights is for the learning rate r; to statistically depend on the prior
mean p;—see Remark 3. The learning rate r; is a function of both prior uncertainty o2,
and uncertainty ¢? over the signal. Thus, to generate correlation between the prior mean
and the learning rate, we draw parameters such that the prior means and variances are
correlated. Such correlation appears plausible in empirical settings: For example, in Kumar,
Gorodnichenko, and Coibion (2023b), the correlation between their measures of prior means
and variances for GDP growth is 0.78, and the correlation between their measures of prior
means and variances for inflation is 0.64.

Parameters are drawn as follows for N = 10,000 observations:
o The prior means ;o are drawn independently and uniformly from [0, 2].

o The prior variances are o = 10/2.

13



o There is a common signal S! = 1, assumed to be the realized draw of a Normal with

variance ¢? = 1.
Agents are randomized to control and treatment. Following Normal updating rule (4):
o The learning rate is r; = 02 /(1 + 0%).
o The posterior is p;1 = pio + 1{Z; = T}ri(1 — o).

A constant signal means I;"9"” and I;"""" give the same estimates. In the simulations, we
find that 14% of agents have negative weights in the I}"*” specification. Online Appendix D
contains further discussion on which agents have negative weights.

Finally, in order to generate differences in estimated coefficients, we introduce heterogeneity

in partial effects between under- and over-estimators. Thus, we consider action functions

Yi(p) = exp(=3pio) X 1,

where partial effects 0Y;(u)/0p = exp(—3pi0) exponentially decrease in the prior.

Under this action function, the coefficient generated by I7"9" and I7°? is 0.077. In contrast,
the coefficient generated by I} and I}*"" is halved, at 0.039. Coefficients and standard
errors are displayed in Figure 1. The magnitude of these differences is specific to our data
generating process; nevertheless, this simulation serves as a proof of concept that the impact

of negative weights can be substantial.

14



Figure 1: Simulated estimates of weighted average partial effects across interactions
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Note: The figure presents point estimates and 95% confidence intervals for the four prominent passive control
specifications in the literature using simulated data. The data generating process is outlined in text. Sign
refers to I ign, which regresses the outcome Y; on the sign of the perception gap and posterior GDP growth
expectations, instrumenting the posterior by the treatment indicator times the sign of the perception gap.
Gap refers to I7"7, which regresses the outcome on the perception gap and the posterior, instrumenting the

»gap

posterior by the treatment indicator times the perception gap. “1, Gap” refers to Ii1 , which regresses the

outcome on the perception gap and the posterior, instrumenting the posterior by the treatment indicator and

,prior

the treatment indicator times the perception gap. “1, Prior” refers to Ii1 , which regresses the outcome

on the prior and the posterior, instrumenting the posterior by the treatment indicator and the treatment
indicator times the prior. I;*9*” and I, ””"**" produce the same estimate because the signal is constant. In all

specifications, the coefficient of interest is the coefficient on the posterior expectation.

B. Empirical Application

Kumar, Gorodnichenko, and Coibion (2023b) evaluate the effect of firms’ expectations and
uncertainty over GDP growth on their business decisions. The outcome variable is defined as
the difference between realized and planned changes in business choices, such as prices and
employment. We compare firms’ expectations across two experimental arms: the control arm,
which receives no information, and the first treatment arm, which tells firms that the average
prediction of GDP growth among a panel of professional forecasters is 4%.'! To interpret the
estimates below as weighted APEs requires belief exclusion over expectations, which fails if
treatment also affects outcomes through changes in uncertainty. Nevertheless, we take this
example as showing that, in practice, the choice of estimator can significantly affect estimates.

Figure 2 plots TSLS coefficients for the outcomes price, employment, and advertising bud-

11. To mitigate belief exclusion issues—see Section V.A—we exclude arms that provide information meant
to induce changes in uncertainty.
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get, where the differences in specifications have the largest impact on estimates. Estimates for
other outcomes are given in online Appendix D. Since all firms in the treatment group receive

the same professional forecast, interactions I,"** and I; """ provide the same estimates.
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Figure 2: Estimates of weighted average partial effects using data from Kumar, Gorodnichenko,
and Coibion (2023b)
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Note: The figure presents point estimates and 95% confidence intervals for the four prominent passive control
specifications in the literature using data from two arms in Kumar, Gorodnichenko, and Coibion (2023b).
The outcomes Y; are defined as the difference between the planned change and the actualized change in the
outcome variable over six months, i.e., the planned change in price versus the actualized changed in price.
The outcome variables are the price of the firm’s main product, the total employment at the firm, and the
advertising budget of the firm. The feature of interest is GDP growth expectations, and the signal is 4% GDP
growth. Sign refers to I} ig", which regresses the outcome on the sign of the perception gap and posterior GDP
growth expectations, instrumenting the posterior by the treatment indicator times the sign of the perception
gap ST — 0. Gap refers to I?"P, which regresses the outcome on the perception gap and the posterior,
instrumenting the posterior by the treatment indicator times the perception gap. “1, Gap” refers to Iil’gap ,
which regresses the outcome on the perception gap and the posterior, instrumenting the posterior by the
treatment indicator and the treatment indicator times the perception gap. “1, Prior” refers to I """ which
regresses the outcome on the prior and the posterior, instrumenting the posterior by the treatment indicator
and the treatment indicator times the prior. I;*” and I}"*"*°" produce the same estimate because the signal

is constant. In all specifications, the coefficient of interest is the coefficient on the posterior expectation.
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For price, the magnitude of the coefficient for interaction I 9" is halved and the magnitude
of the coefficient for interaction I7* is reduced by one-third, relative to the coefficients for
interactions ;97 and I}, A t-test of these coefficients finds that I/9" is marginally
significantly different (p-value = 0.078) from ;9 and I;"""**". Similarly, for employment,
the magnitude of the coefficients for I;" and I?*” are 60% and 50% of the other coefficients;
I9°? is marginally significantly different (p-value = 0.081) from ;9" and I;**"*". Finally, for
advertising budget, the magnitudes of the coefficients for I7" and I are a third of the
coefficients for interactions I;9*” and I;}7"". In fact, under I" and I?*”, the 95% confidence
interval on the advertising budget estimate includes zero effects.

Without having counterfactual beliefs or full confidence in the belief exclusion assumption
in this setting, we cannot definitively attribute the differences in estimates to negative weights.

Nevertheless, these differences are evidence that the choice of interaction can matter.

V. Practical Considerations

We review the main results as they pertain to choices applied researchers make in designing

information provision experiments and estimating causal effects.

A. Implications of Belief Exclusion

As stated in Section II, TSLS recovers an average of Y;(B]) — Y;(BS) divided by an average
of ¢1 — ¢ . Belief exclusion requires the former to only depend on beliefs through ¢, which
ensures the division provides an interpretable normalization.

Researchers should carefully evaluate the plausibility of belief exclusion in their settings.
For example, belief exclusion holds when beliefs B € B are entirely summarized by the feature
of interest ¢ € R. This holds without loss of generality for ¢ = 1 when the set of states is
binary, but can otherwise be attained with parametric assumptions on the set of beliefs B.?
Alternatively, if agents are risk-neutral, then ¢ = i is the only action-relevant feature, so
belief exclusion holds in p. This assumption can be motivated with institutional or empirical
evidence; for instance, Cullen and Perez-Truglia (2022) conduct a survey of employees and
HR managers and find that participants say mean wages are most relevant to them.

In some settings, multiple action-relevant features may necessarily arise; examples include
the mean and variance for a single state or means for two different states (i.e., cross-learning).
Researchers using TSLS estimators should not cross-randomize multiple pieces of information
to shift multiple features, as doing so violates belief exclusion. Instead, researchers should

compare groups pairwise, designing the experiment such that extraneous features are held

12. However, such parametric assumptions can be fragile in general models of posterior formation—see
online Appendix B.2 and Remark B1 therein.
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constant across each control-treatment pair. For example, suppose Y;(B) = Y;(u(B), 0%(B)),
so the mean u and variance o2 are action-relevant. If a researcher is interested in ¢ = p and
uses an active control design, then the Normal-Normal setup predicts 02-21’0 = o4", so belief
exclusion holds in p.'? This implication of the Normal-Normal setup accords with the idea that
active control experiments balance the “side effects” of information provision across groups
(Haaland, Roth, and Wohlfart 2023). Analogous points apply for cross-learning: Haaland,
Roth, and Wohlfart (2023) notes that “one way to overcome the issue of cross-learning is
to hold fixed beliefs about other variables by providing identical information about the
other variables to respondents in both the control and treatment groups.” Thus, overall, if a
researcher is concerned that actions depend on multiple features in their setting, an active
control design may be preferable to a passive control design, since the information provided

to the control group may help to hold extraneous features constant.

B. Experimental Design: Insights from the Normal-Normal Setup

The Normal-Normal setup highlights additional considerations for choosing between active
and passive control designs, and implementation. First, active and passive control recover
different causal parameters. Active control weights agents proportional to the distance between
the treatment and control signals, whereas passive control weights agents proportional to
the distance between agents’ prior means and treatment signals (i.e., the perception gaps).
Therefore, conditional on learning rates and signals, active control weights all agents equally,
whereas passive control places more weight on agents with larger perception gaps.

In the Normal-Normal setup, the passive control correction is based on sign(u} — u$) =
sign(ST — i), and the active control correction is based on sign(u} — u$;) = sign(ST — SY).
These equalities may fail if agents update on information not provided by the experiment
between the elicitation of the prior and the posterior.'* This is most concerning in passive
control: Agents who are asked about their prior but are not provided any information may
feel especially inclined to search for information. This is less problematic in settings where
it is difficult to acquire the relevant information, such as the wages of one’s coworkers or
manager (Cullen and Perez-Truglia 2022).

The active control correction also leverages the assumption that S¢ and S] are equally
precise. This may fail in practice if agents place greater doubt on information that poses a
stronger challenge to their priors (Gentzkow and Shapiro 2006; Haaland, Roth, and Wohlfart

2023). Such credibility issues can be mitigated with appropriate experimental design, such as

13. Given updating rule (4), we can take Y;(u(B)) = Y;(u(B), (1 — r;)o%) for active control.

14. There are no issues in active control if the same information arrives regardless of group assignment.
However, issues persist in passive control due to the dependence of the learning rate on uncertainty—see
online Appendix B.4.
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presenting information in a similar fashion across groups, or emphasizing that the information
comes from experts.

Finally, in the Normal-Normal setup, the content of S! is comparable to the values of p.
This is not always true. For example, Coibion, Gorodnichenko, and Weber (2022) includes
a treatment arm where p refers to expectations of inflation while S! is information on
unemployment. In this case, the perception gap is not informative for whether posterior
expectations are higher in treatment or control; therefore, the passive control sign corrections
are invalid.'® Overall, these caveats highlight the importance of carefully assessing the validity

of a potential sign correction.

C. Choosing a Passive Control Specification

In the Normal-Normal setup, 1,9 and ;""" permit negative weights, so we advise against
them. I7" and I?*” both generate non-negative weights that emphasize agents with higher
learning rates and larger perception gaps. However, I79" and I7* differ in two important
ways.

First, I7*? produces weights proportional to |u} — pS|, which parallels the active control
weights. This weighting scheme induces a weighted APE analogous to a continuous LATE
(Angrist, Graddy, and Imbens 2000, Theorem 1), which may be a more natural causal
parameter. In contrast, IY*" additionally “up-weights” agents with large perception gaps,
relative to I7"9".

Second, while a formal discussion of estimation precision is beyond the scope of this paper,
we note that when learning rates are constant, I7*" is an optimal interaction, given (S7, u;0),
for minimizing asymptotic variance in a linear IV model with homogeneous partial effects
and homoskedastic errors (Coussens and Spiess 2021, Proposition 2). While such a setup is
restrictive, this optimality result provides insight for why I7*” tends to produce more precise
estimates than 17" in the empirical application in Section IV,

In short, while interactions I7" and I7*” are both valid sign corrections, they nevertheless
generate different weights. On one hand, TSLS with 179" identifies a weighted APE that has
closer ties to a standard continuous LATE. On the other hand, TSLS with IY*” may produce
a more precise estimator. We recommend that researchers consider both of these factors when

choosing one or both specifications to report and interpret.

15. An alternative design is to elicit prior expectations over the state corresponding to the signal to
construct the sign correction. Although such elicitations are conducted (Haaland and Roth 2023; Coibion,
Gorodnichenko, and Weber 2022), to our knowledge, no existing paper that provides TSLS estimates uses
this alternative design.
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VI. Conclusion

This paper developed a framework for estimating the causal effects of beliefs on actions in
information provision experiments. We formalized conditions for recovering positive-weighted
APEs, and evaluated TSLS specifications from the literature. We found that two commonly-
used passive control specifications generally allow for negative weights. We urge researchers to

carefully assess the exclusion and monotonicity conditions that permit valid TSLS estimation.
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A General Setup

As in the main text, we consider beliefs B € B C A(2) and use ¢ € R to index scalar
features. However, we now explicitly allow for the consideration of multiple features ® =
(¢1,...,05) € RE_If Q C R, then we may have K = 2 and ®(B) = (u(B),0?*(B)). If
Q= xE 0, C RE then we may have K = L and ®(B) = (u1(B),...,ur(B))’, where
we(B) = [wedBy(wy) and B, € A(€)) is the marginal distribution of B for states w, € €.
For instance, the latter with L = 2 accommodates Cullen and Perez-Truglia (2022), in which
there are two relevant features: expectations of manager wages and expectations of coworker

wages.

o We assume that functions of interest are appropriately measurable wherever necessary.



« In some places, we abbreviate partial derivatives in the manner 9, f(z) = 0f(z)/0x.

Experiment. The information provision experiment proceeds as in the main text, but now

we allow more than two groups: z € Z, where | Z| > 2.
« The prior features are ®;0 = D(Bjg) = (drio)pr;, Where drio = dr(Bio).
o The posterior features are ®% = ®(B3) = (¢7,,)5 |, where ¢7,; = on(B7).
e In the realized experiment, we have ®,; = <I>ZZI and ¢p;1 = qbfi"l.

Instrumental Variables. As in Assumption 1 in the main text, we assume group assignment

Z; is a valid instrument, now stated for the general set of groups Z.
Assumption A1l (Valid Instrument, General Form). Z; satisfies
(i) IV independence: Z; \L(X;, Bio,{S?, B4, Y;?(B)}.cz.BeB);
(ii) IV exclusion: Y7(B) = Y;(B) for all z € Z and B € B.

Belief Exclusion. We assume actions depend on beliefs through a finite number of features
® = (41,...,0K), similar to Assumption 2 from the main text for the scalar feature case.
Let ®(B) = {®(B) : B € B} denote the set of possible feature values.

Assumption A2 (Belief Exclusion, General Form). ®(B) is convex, and there exist continu-
ously differentiable functions Y;(®) defined over it satisfying Y;(B) = Y;(®(B)).

« We use Y;(+) to refer to both a function that inputs beliefs (i.e., B + Y;(B)) and to a
function that inputs features of beliefs (i.e., ® — Y;(P)).

o Convexity holds when B is sufficiently rich; see Appendix A.1 below.

« In practice, to recover interpretable causal effects, we will need pairs of groups {z, 2’}
that shift only one feature of interest. This is consistent with Assumption 2 from the
main text; see also the active control discussion in Section V.A. We formalize this

“ceteris paribus” condition in Appendix A.2.

Partial Effects. Given agent 4, features ® € R¥, and feature of interest ¢, € R, we formulate
the causal effects of beliefs in terms of the partial effects 9Y;(®)/d¢y; see Appendix A.3 for

alternative formulations.



A.1 Primitive Conditions for Belief Exclusion

To give primitive conditions for Assumption A2, we consider a (net) utility /profit function
u;(w,y) that depends on states w and actions y € ). We can motivate the action function

Y;(B) as agent i’s utility-maximizing map from beliefs to actions:

Yi(B) = argmax/ui(w,y)dB(w), VB e B. (A1)
yeYy

If agent ¢ has beliefs B, then [ w;(w,y)dB(w) is their subjective expected utility from taking

action y. In particular, Y; = Y;(B;1) is the utility-maximizing action taken under i’s posterior

beliefs B;;. We can use representation (A1) to motivate action functions Y;(®) that depend

on beliefs through a finite number of features ® ¢ R,

Restrictions on Preferences. Let m;()) = {m;(y) : y € Y} denote the image of ) under

a strictly monotonic and continuously differentiable function m; : ) — R.

Proposition Al. Consider functions i : @ — R and features ¢r(B) = [ pp(w)dB(w). Let
B be the set of beliefs such that [ |pr(w)[?dB(w) < oo for each k and B € B. If Y;(B) satisfies

(A1) with squared-error loss function
—ui(w, y) = (Ckor Oripr(w) — mi(y))?,

and 1, 01:0x(B) € mi(Y) for each B € B, then Y;(B) = m; (X1, Oriow(B)). In particular,
Assumption A2 is satisfied for Yi(®) = m; (S5, Orior).-

Proposition Al considers squared error loss functions —u;(w, y). To give intuition, consider
the setting of Jager et al. (2024), as in Example 1 from the main text. Let m;(y) = y, and
suppose there is a latent function w — f;(w) that maps potential wages w to the optimal
rate at which worker ¢ should search for a new job. However, this function is complicated or
imperfectly known, and so 7 uses the approximation w > S5 | Orir(w), where g (w) = w*1.
In this case, Y;(B) = Y&, Ori¢r(B) is worker i’s minimum mean squared error approximation
to their optimal rate of job search. K = 2 gives a linear approximation, whereas K = 3 gives
a quadratic approximation. In the linear case, we obtain Y;(B) = 61; + 0o;u(B), and 6y; gives
the partial effects of expectations on actions—this specification is considered in Balla-Elliott
(2023). In the quadratic case, the agents are allowed to be risk averse, which is relevant for
some applications (Kumar, Gorodnichenko, and Coibion 2023b; Coibion et al. 2021).

When m;(y) = y, the partial effects of feature ¢ above are homogeneous across ® € R¥:

0Yi(®)
o

O = O,



However, some models may allow for heterogeneity across ® € RX (Cullen and Perez-Truglia

2022, Section II.A). To accommodate heterogeneity, we can consider nonlinear m:

¢kh}ayx¢>::<amxyx¢»>1%“

Oy, Oy

where the equality follows from the inverse function theorem.

Restrictions on Beliefs. In some cases, B is a set of parametric belief distributions. A
leading class of parametric distributions are exponential families (Lehmann and Casella
2006, Section 3.4). This class includes the set of Normal distributions often considered in
models from the information provision literature (Armantier et al. 2016; Cavallo, Cruces, and
Perez-Truglia 2017; Armona, Fuster, and Zafar 2019; Cullen and Perez-Truglia 2022; Fuster
et al. 2022; Balla-Elliott et al. 2022). There are also classes of parametric distributions that
are useful for belief elicitation. For example, Kumar, Gorodnichenko, and Coibion (2023b)

and Coibion et al. (2021) consider triangular distributions.

« Formally, consider an open and convex “parameter space” © € RX where ®(B) C ©.

« Each B € B has density b(w) = dB(w)/dv with respect to some common sigma-finite
measure v € A(Q).

e ) is an open and convex subset of R.

Proposition A2. Consider beliefs B € B parameterized by ® € © in the sense that there
exists (w, ®) — f(w|®) > 0 such that b(w) = f(w|P(B)) for all B € B. If  — f(w|P) is
continuously differentiable over © v-almost surely, ®(B) = O, and Y;(B) satisfies (A1) with
y — u;(w,y) that is strictly concave and twice continuously differentiable v-almost surely,
and such that for each y € Y and ® € ©, there exists 6 > 0 for which

(1) J ui(w, y)|f(w]®)dv(w) < oo;
(i) [ $upg.j5—y1<s [0y ui(w, §)| f(w|®)dv(w) < oo for each n € {1,2}; and
(#i) [ SUDg, .15, —op <5 [0yt (w, )0, f (W], d_1)|dv(w) < 0o for each k,

then Assumption A2 is satisfied for

Yi(®) = argmaxUi(y, @), Uiy, ®) = [ wilw, y) f(w|®)du(w).

yey



Note that, by the implicit function theorem, Y;(®) has partial effects of the form

0w |02U(Yi(®),®)|

O

For intuition, consider agent i’s optimal behavior at feature ® € ©—or equivalently, at the
belief corresponding to density w +— f(w|®). At @, the optimal action is Y;(®). The marginal
change in beliefs along feature ¢y leads to a marginal change 0,, U;(Y;(®), ®) in ¢’s subjective
expected utility, so Y;(®) is no longer optimal. To re-optimize, i can either increase or decrease
the intensity of their action. This choice of direction depends on the sign of the marginal
expected utility 0,,0,U;(Y;(®), @) at Y;(®). The magnitude of the change in actions depends
on the curvature |92U;(Y;(®), ®)| of the expected utility function at Y;(®).

A.2 Conditional TSLS and Aggregation

We consider TSLS specifications that condition on pairs of comparison groups {z,2'} C Z.

Throughout we maintain Assumptions A1-A2.

Equations. Given feature of interest ¢, consider outcome and first-stage equations

}/i _ V[/i/,yz:z' + Bz:21¢ki1 + = (AQ)

Oril = VVZ'/(SZ:Z/ +1{Z, = ZI}IZ{WZ:ZI + Gis (A3)

where the superscripts mean that we condition to the set of agents with Z; € {z,z'}. Aside

from this conditioning, everything else is analogous to Section II.A of the main text.

o I, is a covariate vector (containing a constant 1) that may include components and/or
functions of (X;, ®;0, (S7).cz), and I; is a scalar component of W;. As we saw in the
main text, valid sign corrections are generally scalars, so we focus on the case where I;

. oy . ol
is scalar for ease of exposition: 7** € R.

« The conditional TSLS estimand corresponding to equations (A2)-(A3) is the vector of
coefficients from the population conditional OLS regression of Y; on W; and the fitted
values from the population conditional OLS regression of ¢y;1 on W; and L;1{Z; = 2'}.

« We consider the causal interpretation of 3%Z g, which is the component of the conditional

TSLS estimand corresponding to the coefficient on ¢y;; from outcome equation (A2).

o Technically, the above coefficients and estimand depend on k—and so could the choice

of covariates—but we suppress these dependencies in the notation.



Proposition A3. If E[W,W!|Z; € {z,2'}] is full-rank, P(Z; = z) > 0,P(Z; = 2') > 0, and

LS E[IZ(QS?M - ﬁbizl)]

Moreover, if the group pair {z,2'} is such that ¢%,, = ¢%., for all k' # k, then

o ) B o Lo, — d%)
z2:z —E wé],z.z ﬁfz 7 wil,z‘z _ ) k:z} kil :
s ~H | E[1.( — dir)]

Biz:z’ _ /)\Zzz’<¢k)a}/;zz (¢k)

a¢k d¢ka

where )\f’zl(qﬁk) is the density of the uniform distribution on the range of ¢i between ¢, and
21 and Y7 (6r) = Yi(or, (S5 )wrk)-

Ceteris Paribus Variation. The condition that ¢7,, = ¢%,, for all k' # k requires the pair
of groups {z, 2’} to generate ceteris paribus variation in ¢ (c.f. the active control discussion

in Section V.A of the main text). This allows %% ¢ to make a proper normalization in terms
of Pri1-

Aggregation. If multiple pairs of comparison groups {z, z'} recover positive-weighted APEs

for a given feature of interest ¢y, then we can aggregate over these APEs. Formally, consider

» i " 17 (D50 — Pia)]
ipe = Ewi 377, wi® = =5 T
APE EHIz (¢ki1 - Qbm)H

We can view B3 as the parameter that (& ¢ recovers when using an interaction 17 that
is a valid sign correction for the contrast ¢i;1 — ¢,;,- For example, suppose z = C is a control
group and 2’ # C' are various treatment groups designed to shift the same feature ¢y, as in
Coibion, Gorodnichenko, and Weber (2022). Then, given a choice of weights «,, > 0 such

that -, .o a. =1, we can aggregate to recover

S s = Y awBSi = O auEw 5O,

2/ #C 2/ #C 2/ #C

This pairwise approach avoids complications that arise when interpreting TSLS with multiple
instruments (Mogstad, Torgovitsky, and Walters 2021).



A.3 Alternative Formulations for the Causal Effects

Let K =1 so that Y;(B) = Y;(¢(B)) for a single feature ¢ € R. Moreover, suppose the set of
groups is Z = {C,T}. We have thus far formulated the causal effects of interest in terms of

partial effects 0Y;(¢)/0¢. Here we discuss two other potential formulations.

Behavioral Elasticities. If Y;(B) # 0 and ¢(B) # 0, then we can formulate the causal
parameters of interest in terms of partial elasticities—these behavioral elasticities generate
unit-free measures, which facilitates comparisons across applications (Haaland, Roth, and
Wohlfart 2023, Section 8). We therefore consider TSLS specifications that replace Y; and ¢;;
with log(Y;") and log(¢l,), for some chosen power n € N such that Y;(B)™ > 0 and ¢(B)" > 0.
If Y;(B) > 0 and ¢(B) > 0, then we can take n = 1 and the logarithm will be well-defined.
Taking n = 2 allows actions and features to take negative values. The analogues of equations
(A2)-(A3) and Proposition A3 (or equivalently in this case, equations (1)-(2) and Proposition

1 from the main text) for this setup produce

Brars — E[Z;(log[Yi(¢},)"] — log[Yi(¢5)"])]
E[Z;(log[(¢f)"] — log[(¢5)"])]

The fundamental theorem of calculus gives

_,0Y;(v)
(o
log[Y;(¢;1)"] — log[Yi( Y gp v € Vitdy
T\n Cy\n 1 n—1
log[(61)") — log[(65)"] = v / " o € Vi}dv,
where 1; = sign(¢], — ¢$) and V; = {(1 — a)¢§ + a¢l; : a € [0,1]} is the range of feature

values v between ¢ and ¢%. Therefore, we obtain
v 0Y;(v)
Yi(v) 9¢
wZ[Z v_lll{v € Vl}
E [/ Gil; v 1 {w € Vol

Prsis = E {/ Ai(v) Bi(v)dv} . Biv) =

Ai (U) =

which is a weighted average of partial elasticities /3;(v) with weights A;(v) that integrate to
one across v and i; see also Angrist, Graddy, and Imbens (2000, Corollary 1).

Note that a valid sign correction I; gives I;1; = |I;4);], in which case |L;y;|1{v € V;} =
|L||i|1{v € V;} = |L;|1{v € V;} so that A;(v) > 0 for all ¢ and v.



Discrete Actions. To consider the case of discrete actions, we modify Assumption A2 so
that we can take well-defined partial effects. We continue to assume that {¢(B) : B € B} is
a convex set, but now assume there exist continuously differentiable ¢ + Y;(¢) defined over
it such that B — E[Y;(B)|R;] = Y;(¢(B)), where R; is some random vector. This formulation
takes actions (which are discrete) and considers “average actions” (which are assumed to be

continuous). We assume [; is a component or function of R;, so then
E[L(Yi(B) - Yi(B}))] = E[LE[(Yi(B}) - Yi(B})) | Ril]
= E[L(Yi(¢7,) — Yi(6))];

where the first equality follows from iterated expectations. Thus, the analogue of Proposition

A3 (or equivalently in this case, Proposition 1 from the main text) for this setup produces

0Yi(¢)
5010

7T/IZ'( ;11 —

C
) &

We arrive similar expressions to Proposition 1 from the main text, except now the partial effects

Brsis = E[w! 3], wl =

of features on actions 0,Y;(¢) are replaced by the partial effects of features on (conditional
on R;) average actions 9,Y;(¢). The random vector R; could entirely consist of the observed
“pre-determined” variables in the experiment (i.e., prior features ¢, signals S?, and agent
characteristics X;). However, we also allow for latent unobserved components. In the following
example, the action is binary y € {0,1} and the “average action” is the probability of taking
action y = 1.

Let 2 = R and consider binary actions B +— Y;(B) € {0, 1} that satisfy

Yi(B) = argmax/yw + (1 —-y)§dBw), VBeEB.

y€{0,1}

In particular, agents ¢ with beliefs B choose Y;(B) to maximize their subjective expected
utility, as in representation (A1); we can think of §; as some outside option, and w as the

benefit to choosing y = 1. The above leads to
Yi(B) = 1{u(B) = &}
If & has absolutely continuous CDF conditional on R;, then we can choose
Vi(u(B)) = P(Yi(B) = 1/R) = P(& < u(B)|R.),

and so the marginal effect of expectations on the probability of choosing y = 1 is given by

the conditional PDF 9Y;(u)/0p. For example, &|R; ~ N (60;, %) for (0;,%;) = (0(R;), B(R;))



gives

Y (1) 1 (b — 0:)?
— exp | — .

We can think of R; as a set of determinants for the outside options.

B General Model of Posterior Formation

In Section III of the main text, we derived sign corrections I; in stylized models of posterior
formation that specified (i) what agents assume about the signals and (ii) how agents update
their priors. Here we consider a general approach to (i) and (ii). Appendix B.1 covers (i) and
Appendix B.2 covers (ii). Appendix B.3 derives the sign corrections of interest, and Appendix
B.4 illustrates the general approach in an extension of the stylized Normal-Normal setup.

In what follows, we consider w € 2 C R and suppose beliefs B € B C A(Q2) have densities
b(w) = dB(w)/dv with respect to a common dominating measure v € A(f2), such as Lebesgue
measure, counting measure, or mixtures of the two.

The experiment provides signals S7 € S to agents i assigned to group z € Z, where S
is a set of signals. Agent ¢ assumes that when the true state is w, their signal was drawn
from distribution Q;(-|w) € A(S). Given i, we suppose each Q;(-|w) has density ¢;(-|w) with
respect to a dominating measure that is common to all w.

Given signal s € S, agent ¢ forms posterior beliefs By (+|s). In particular, s — B (+|s) is
an agent-specific mapping from signals s € S to beliefs B € B that implicitly depends on i’s
prior beliefs Byy. In the realized experiment, B = B;1(-|S?).

B.1 MLR Property

Agents assume the set of signal distributions Q; = {Q;(-|w) : w € 2} C A(S) is informative for
the states. In particular, Q; satisfies the following monotone likelihood ratio (MLR) property:
Agents assume the experiment tends to provide larger signals s under larger realizations of

the state w € ). In what follows, let >; be a potentially agent-specific partial order on S.

Definition B1 (MLR). Q; C A(S) satisfies the monotone likelihood ratio (MLR) property
in (S, >;) if for each w,w’ €  and s, s € S such that w’ > w and ' >; s, we have

¢ (s|w')
gi(slw)

v

If signals are quantitative, S C R, and >; is the standard order on R, then Definition B1
(c.f. Casella and Berger (2021, Definition 8.3.16)) is satisfied for many signal distributions of

9



interest, including the set of Normal signal distributions from the main text. More generally,

numerous exponential families satisfy Definition B1 in their respective sufficient statistics.

Null Signal. Definition B1 accommodates passive control experiments: If S = R U {s?},
then agent i’s ranking of information s € R relative to null signal s“ (i.e., no information)
may depend on their initial prior beliefs B,y in a manner that is known to the researcher. We

use this structure to derive passive control sign corrections in Appendix B.3.

ualitative Signals. Definition B1 permits qualitative signals, such as educational videos
litative Signals. Definition B1 it litative signal h ducational vid

(Alesina, Ferroni, and Stantcheva 2021; Dechezleprétre et al. 2022). For example, if S =
{sl, st} are two videos, then we may have s >; sl in the sense that video s conveys more
pessimistic information than video s”, which makes the order >; on & = {s*, s} common

across 1.

Multiple States. For settings with multi-dimensional states Q = xZ,Q, CRF L > 1, we
can apply the arguments that follow to the marginals w, € ), of interest. For example, Cullen
and Perez-Truglia (2022) consider employees i whose effort depends on beliefs B; € A(€;)
over peer wages wy € €2y and beliefs By € A({)y) over manager wages ws € €)y. The signal
space S embeds S; C S, which gives information pertaining to just w,. If we are interested in
deriving sign corrections for expectations p, over wy, then >; may allow agents to compare
signals within each S, (though not necessarily across them). In particular, the MLR structure
and the arguments that follow can be argued for at each margin. Thus, for ease of notation,

we develop arguments for the case of 2 C R.

B.2 Belief Updating Rules

Before we can leverage the above MLR property to derive sign corrections, we must consider
agents’ belief updating rules in greater detail. Recall that the density of B € B is b(w) =
dB(w)/dv. In particular, the prior and posterior densities are b;;(w|s) = dB;;(wl|s)/dv and
bio(w) = dBjo(w)/dv, respectively. We first consider Bayesian rules.

Definition B2 (Bayesian). s +— B;(-|s) is Bayesian if

G sf)bio(w) Vs €S,
/ gi(5]0)bio (w) v (w)

b (wls) =

These Bayesian rules are prevalent in models from the information provision literature.

However, our framework also accommodates non-Bayesian learning.

10



Definition B3 (Anchored). s — B;i(-|s) is anchored if there exist 7; € [0,1] and Bf € B
such that

b (w]s) = b2 (w alslwbow) v e
/Qz s|lw)bio(w)dv(w)

Anchored rules distort agents’ posteriors away from the Bayesian baseline and towards some
anchor belief B that may depend on s. Anchored rules accommodate numerous behavioral
biases from the behavioral economics literature (Gabaix 2019, Section 2.3), including the
anchoring-and-adjustment heuristics discussed in Tversky and Kahneman (1974). For instance,
choosing the anchors to be the prior beliefs B = B, corresponds to conservatism, wherein
agents insufficiently update their beliefs relative to the Bayesian baseline (Edwards 1968).
In the language of Clippel and Zhang (2022), the anchored rules are “affine” distortions of
Bayesian updating. Our framework also accommodates “nonlinear” distortions. The following

class of nonlinear distortions was developed in Grether (1980).

Definition B4 (Grether). s — By (+|s) is Grether if there exist 0,9, 6;; > 0 such that

i (8]w)?1 big (w)"
/qz 8|w) % big (W) dv(w)

, VseS.

zl W|

The “inference” and “base-rate” parameters, 6,1, 0,0 > 0, allow for flexible deviations from
Bayesian updating. The following discussion closely follows the language in Benjamin (2019,
page 103). On the one hand, 6;; < 1 (6;; > 1) reflects under-inference (over-inference) in that
agents update as if the signals s € S are less (more) informative for the states w € € than in
the Bayesian baseline of #;; = 1. On the other hand, 6,y < 1 (6;0 > 1) reflects base-rate neglect
(over-use) in the sense that agents update as if their priors B;y are less (more) informative

for the states w € 2 than in the Bayesian baseline of 6,y = 1.

Remark B1. If B, is a conjugate parametric prior belief distribution for the set of signal
distributions Q;, then Bayesian updating implies B;; belongs to the same parametric family
as Bjo. In this case, if B;y belongs to the same parametric family for each i, then we can take
B to be that parametric family. If this family is parametrized by the feature of interest ¢,
then Y;(B) = Y;(¢(B)) for each B € B, which gives us belief exclusion in ¢; see Proposition
A2. If we allow for richer patterns of heterogeneity, either via non-conjugate belief/signal
distributions, or via non-Bayesian learning, then the above argument generally fails. This
highlights one sense in which arguments for belief exclusion based on parametric restrictions

can be fragile.

11



Remark B2. Allowing for non-Bayesian learning has practical relevance, since the information
provision literature often acknowledges the potential for behavioral biases in belief formation.
For example, there is concern that agents may numerically anchor their posterior expectations
at values of quantitative signals (Cavallo, Cruces, and Perez-Truglia 2017). This behavior
corresponds to anchored rules with B} as the distribution that places probability one on the
provided signal s. There is also concern that information provision may induce emotional
responses that affect belief updating (Haaland, Roth, and Wohlfart 2023). If such responses
are suggestive of motivated reasoning, then we can microfound the anchoring parameters
7; € [0, 1] with a model of utility-maximization (Clippel and Zhang 2022, Example 2); similar

arguments apply for the inference and base-rate parameters 6;1, 6;o in the Grether case.

B.3 General Sign Corrections

We can derive sign corrections I; by exploiting the first-order stochastic dominance (FOSD)

ordering implied by (S, >;) and the above updating rules.

Proposition B1. For each i, suppose the set of signal distributions Q; C A(S) satisfies
the MLR property in (S,>;) and that belief updating rule s — By (-|s) is either Bayesian,
anchored (with an anchor Bf that increases in the sense of FOSD when s >; s), or Grether.
Then, for any feature ¢(B) = [ p(w)dB(w) such that w — @(w) is increasing, we have that

s’ >; s implies
S(Bul1) = [ p@)dBa(wls) = [e(w)dBa(uls) = 6(Balls). (B1)

Proposition B1 exploits the FOSD ordering in posterior beliefs that arises when (i) ¢, s
can be ordered in (S, >;) and (ii) the belief updating rules respect the orderings—in principle,
our framework accommodates any belief updating rule that induces “signal monotonicity” in

the sense of condition (B1).

Remark B3. Proposition Bl covers expectations and second moments, which correspond
to p(w) = w and p(w) = w?, respectively. However, it does not cover the variance, which is
the difference of second moments and the squared expectations. That said, it is important
to note that this MLR framework only gives a set of sufficient conditions for deriving sign
corrections. In particular, sign corrections can still be intuited for the variance, as discussed

in Section III.C from the main text.

Sign Corrections. Consider an experiment with two groups Z = {C, T}, and corresponding

signals S¢, ST taking values in some signal space S. The feature of interest is the mean p. If

12



a researcher knows i’s ordering between S¢ and S7, then the generalized sign interaction
I =1{S] > S} —1{S] < S}
is a valid sign correction for ph — u$, given condition (B1). In particular,

IF(ph — ) = (L{S] >; ST} — 1{ST <; SEN(M{wdhy > pa} — L{why < u&Hlph — pgl
= ({87 > SOYU{pdy > i} + 1{ST <i STYU{dy < p§i Pl — 1]
= (L{S] >; SE} + 1{S] <; S{P)|pd — 1|

= 1{I} # O}|p; — psil,

where the second equality follows from condition (B1), and the third equality follows from

ST > SOl > pi Hudy — il = 1{ST >5 STy > pi M {udy 7wl Huh — 1l
= 1{S] >i 87, uiy # s Y0y > i Hudh — piil
= 1{S] > 87, uhy # psi Hpwh — 1|
= 1{ST > SOy # ps iy — ps|
= 1{S] >; ST uh — pil,

and likewise for 1{S] <; SC}1{pd; < p§}ph — p&]. Thus, TSLS with interaction I} recovers
BrsLs = E[wf 6_1] with weights

147 £ 0V uL — ¢
'LUik: {z 7& }|:uzl :uzl‘ ZO

© B[ A O}pd — pi]

If 47 # pS implies I # 0, as with 17" from the Normal-Normal setup in the main text (or
if I} # 0 for all 4), then 1{I} # 0} can be omitted from the above expression.

Example B1. If S = {s s} are two videos, and (S, ST) = (s%,s) for all i, then we

H

may have s >; s in the sense that video s conveys more pessimistic information than

video s’, which makes the order >; on & = {s*, s#} common across i. In this case, I} =

for all 7. The same logic applies for Example 2 from the main text.

Passive Control. S contains the null signal s? corresponding to no information, and agents

in control receive S¢ = s?. The generalized sign interaction

13



is a valid sign correction for pf — u$, given condition (B1), as above.
Alternatively, in the case where SI' € R and >; respects the ordering on R, one approach
is to assume S} > p;p = SI >; s? and ST < pyo = SI <; s°. In this case,

9 = 1{S] > pio} — 1{ST < o} = sign(S]" — pio)

i
is a valid sign correction, since

L (uhy — 1) = T0ST > pao} (i — 1) — L{ST < pao} (ufy — 1)
= 1{S] > pao}1{ST > s}y — 1) — 1{S] < puao}U{ST < 87} (i — 115y
= 1{S] > i} 1{S] >i s*IU{pfy > Yl — S|
+ (ST < o} 1{ST <i P30y < p ey — 1l
= 1{S" > pao}1{S] > s*31{uy # uSHph — S|
+1{S] < o} 1{ST <i s730{py # pfy Hiy — i
= 1{S] > pio} iy — wil + L{ST < pio} iy — pi|
= ]l{SiT # /%'0}|MiT1 - Mg\,
where the third and fourth equalities follow from condition (B1) and analogous arguments to

the above correction for I}. From here, the perception gap I7*? = ST — p;0 is also a valid sign

correction. Thus, TSLS with interactions I;" and I?*" recover frgrs = E[w!f;] with weights

pion = MST Aol — il o e i — i lIST = el
Z E[L{S] # woluh — pfil] — C E[lpd — pallST — maol] T

The above argument assumes signals that are larger than ¢’s prior mean are also larger

than the null signal when viewed from the perspective of i’s subjective ordering of the signals.
In practice, this requires the content of the quantitative information to be comparable to the
values of the prior means; Section V.B from the main text provides a related discussion and

example.

B.4 Supplementary Results for Normal-NNormal Setup

Consider an experiment with two groups Z = {C, T}, where each group has positive assign-
ment probability: P(Z; = T),P(Z; = C) > 0.
As in the main text, agents are Bayesian with Normal prior beliefs By = N (j1i0, 05). If the

experiment provides information s, then agent i assumes s|w ~ N (w,s?), where now agents
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differ in perceptions of the signal variance ¢?. We have B;1(+|s) = N (u(Bi1(+]s)), 0%(Bi(+]s))),
where

2
50

w(Bia(-s)) = ris + (1 = ri)pio,  0*(Bu(-]s)) = (1 —ri)on, 1= 2 2"
UiO +<7,

(B2)

If agents maintain their priors when the experiment provides the null signal, B;;(-|s?) = By,

then the analysis from the main text is unchanged for both passive and active control cases.

TSLS First-Stage Coefficients. In this Normal-Normal setup, the validity of the passive
control interactions I;} 9" = (1, ST — py)" and I;}""" = (1, ju50)" depends on the relationship

between prior means ji; and variances 04 Let A; = ST — 150 denote the perception gap.

Proposition B2. Let Assumption A1(i) and rule (B2) be satisfied with (SE, pio) 1L (02, ?)
and p$ = . Suppose E[W;W/] is full-rank, P(Z; = z) > 0 for each z € {C, T}, and consider

)

the first-stage population OLS regression
Given I; = I}9" | we have
T
Uy’
On the other hand, given I; = I} and constant ST we have
T
o

Suppose that signals and signal variances are homogeneous: (S!,¢?) = (S7,¢?). In this

-1

1 E[A]
E[A] E[A?

)

E[r;A;]
Elr;A?]

ﬂ_l[il,gap = ]E[T,L]Al

Y

-1

1 Eluo)
Elpio] Eluip]

E[HAUMO]

= lezl,prior = E[T’l]AZ

)

case, Proposition B2 shows that, when prior means are independent of prior variances, we
obtain 7'I; = E[r;]A; for both I}*” and I;"""*". Thus, in this special case, these specifications
are both valid sign corrections in the Normal-Normal setup; they recover positive-weighted
APEs with weights w!*” that match those of interaction I7*". However, outside of such special
cases, I and I}”""" can generate negative weights; see Section IV.A of the main text for

a simulation. By contrast, I7*" always produces w{".

Exogenous Information Arrival. Now suppose that, after the experiment provides s €
R U {57}, the agent receives information &|w ~ N (w,7?), regardless of group assignment
z, and independent of s conditional on w. In this case, the passive control corrections are

generally invalid, while the active control corrections are robust.
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Exogenous Information: Passive Control Case. If S¢ = s? and S? € R, then rule (B2)

implies
C P P P 020
piy = ki & + ( K; ) Hio K U,?O —|—7‘i2
1 —T; 01'2
15 = AL+ (1 — kM [rST + (1 — 73 pao) s ( )75

(1 =ri)oly + 77

In general, sign(p, — u$) # sign(ST — o). Intuitively, agents in the treatment group, who
have already received information from the experiment, will update less on the new exogenous
information than if they had been assigned to the control group. Therefore, even though the
exogenous information is the same in both groups, the updating occurs at different rates
ki, kP, The situation is less dire when 77 is very large, which reflects cases where it is difficult

to acquire relevant information; see Section V.B for a related discussion.

Exogenous Information: Active Control Case. If S¢, ST € R, then rule (B2) implies

iy = K16+ (1 — kN [riSE + (1= i) pao),

ph = k1G4 (1= kM [rST 4+ (1= r3) o,

so then pf, — u§ = (1 — kM)ri(SE — SC). Therefore, sign(ul, — u$) = sign(SF — S¢), so the
active control sign correction continues to be valid. Intuitively, since agents in treatment and
control both received an initial signal, they respond to the new exogenous information at
rates x:' that do not depend on the group. In conclusion, active control designs are robust to

exogenous information arrival in the Normal-Normal setup.

C Proofs for Appendix Results

Proof of Proposition Al.

Consider the problem of choosing a € m;()) to minimize [(S5, Orir(w) — a)?dB(w). This
is solved by a;(B) = &, Or:¢x(B). Note that the inverse of m; exists by strict monotonicity.
Therefore, for each y # m~'(a;(B)), we have

/ui(w,mi_l(ai(B)))dB(w) < /ui(w,y)dB(w), VB € B.
Thus, Yi(B) = m; "(XCK | 0,:6x(B)). The inverse function theorem implies that ® ~ Y;(®)

is continuously differentiable over R® with derivatives d, Y;(®) = (9,m;(Yi(®))) *6x;. Now
we show that ®(B) is convex. By definition, for each ®,®" € ®&(B), there exist By, By € B
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such that ® = (¢x(Bs))E, and & = (¢1,(Bs))E . By definition of B and ¢ (B), we have
(1 — a)Bgy + aBg € B for each a € [0, 1]. Thus, (1 — a)® + ad’ € (B), and so Assumption
A2 is satisfied. L

Proof of Proposition A2.
By assumption, for all B € B we have

[ uitw,9)aBw) = [wiw, y()dv(@) = [ uilw,y)f@l®(B))dv(w) = Uily, ®(B)).

Conditions (i)-(iii) allow us to exchange differentiation and integrals (i.e., appealing to Leibniz
integral rule—and fundamental theorem of calculus for the dominating functions). Since Y;(B)
satisfies representation (A1), we obtain 0,U;(Y;(®), ®) = [ Oyu;(w, Y;(P)) f(w|P)dv(w) = 0.
Strict concavity implies 92U;(y, ®) = [ doui(w, y) f(w|®)dv(w) < 0 for all y. By the implicit

function theorem,

O, |02U;(Yi(@), ®)|

which is continuous over convex © = ®(B). Thus, Assumption A2 is satisfied. O

Proof of Proposition A3.
Analogous to Proposition 1 from the main text (see also Blandhol et al. (2022, Proposition

6)), Assumption Al implies
o B(I{Z; = 2"} —P(Z; = 2/|Z; € {2,2'}))1;Yi|Z; € {z,2'}]
TSLS ™ E[(]I{Zl = Z/} — ]P)(ZZ = Z’|ZZ < {z,z’}))]ngk,ﬂZ, € {Z,Z,}]

 ElLibrin|Zi = 2] — BlLidpin| Zi = 2] = var(1{Z; = 2'}|Z; € {2, 2'})
_ E[L(Yi(Bi) - Yi(B5))]
E[1i(¢fn — dfan)]

Assumption A2 gives Y;(Bfl/) —Yi(Bj) = Y;((I)f{) —Yi(®7). (]

Proof of Proposition B1.
If ' > w, then ¢;(s'|w')/qi(s'|w) > qi(s|w’)/qi(s|w) when s’ >; s. In particular, if B (-|s) is a
Bayesian rule, then s’ >; s implies

b (W']s") _ qi(s'|w’) bio(w')

= >

s qi(slw’) bio(w') _ bia(w'|s)
a(wls’)  qi(s'|w) bio(w)

gi(slw) bio(w) b (w[s)”

which implies By (+|s’) is greater than By (+|s) in the sense of first-order stochastic dominance.

In particular, since w — p(w) is increasing in w, then ¢(B;1(:|s")) > d(Bii(+|s)).
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If B;1(+|s) is instead an anchored rule, then the form of ¢ implies

s — ¢(By(-]s)) = 70(B? 1_71/ / "“) bio(w) dv(w).
(s

w)bip(w)dv(w)

The latter is an attenuated value of ¢ at a Bayesian rule, and so is increasing in s’ >; s by the
above arguments from the Bayesian case. The additional assumption for the anchor B implies
¢(B7) is increasing in s’ >; s as well. Altogether, then, we have ¢(B;1(-|s')) > ¢(Bji(+]s)) for
the anchored case.

If Bj1(w|s) is instead a Grether rule, then s’ >; s implies

ba(w']s) <qz-<s'|w'>>9“ (biow'))e“’ > <qi<s|w'>>9“ (bi()(w'))% _ baWs)
bir(wls’) qi(s'|w) bio(w) — \a(slw) bio(w) bi (w]s)
which implies B (+|s") is greater than B;;(+|s) in the sense of first-order stochastic dominance,
as in the Bayesian case. Therefore, ¢(B;i(-|s")) > ¢(Bi1(+|s)) for the Grether case. O

Proof of Proposition B2.

The first-stage coefficients are identified and
= E[LL] N (E[Lipa|Z; = T) — E[Lipun | Z; = C))
= E[LI] 'E[Lir A,

where the second equality follows from updating rule (B2), u$ = w0, and IV independence.
Therefore, given I; = I;"9"” and (ST, ju0) AL (02, ¢?), we have

a7/

e [1] o[BS B [BA]
7'l = _Ai_ var(4A;) _—E[Ai] . E[A?) E[r;]
1] [ o
— _Ai_ var(4;) _V&F(Ai) E[r]
= E[r;]A;

On the other hand, given I; = I}'""" (ST, j1:0) 1L (62, <2), and ST = ST constant, we have
A ZO

2

ST — Elpio]
STE[/MO] - E[M?o]

Elu)  —Elpio]
—Epio] 1

1 71,prior
o' [P =

E[r;]

/
1
] V&I‘([Lig)_l
0
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/

ST — Elpa]
STEU%} - E[M?o]

E [H?o} - MioE[MiO]

tio — Elpio) Elrd

= var (i) !

D Empirical Applications

D.1 Interpreting the Simulation Results

In this section, we examine which agents have negative weights, and why negative weights
result in an attenuated estimated coefficient. We follow the simulation design from Section
IV.A of the main text. Because the partial effects 9Y;(u)/0u = exp(—3pui0) are homogeneous
across ft, TSLS with interaction I; recovers

I ' Li(ph — pfi) 7' Liri(1 — pio)

. I _2. = =
Prsus = Elw; exp(=3pio)],  w; = E[n'Ii(phy — p5)] Bl Lri(1 — pio)] oy

We characterize which agents have negative weights by using formula (D1). First, we can
examine the distribution of weights from the contaminated interactions I;**” and ;""" in
Figure D1. 14% of agents have negative weight; these weights are close to 0, relative to the

positive right tail.

1,prior

or w;

Figure D1: Histogram of weights w,9*

0.31
Fraction negative: 0.1411
0.21
c
8
<]
Q.
S
& 011
0.01
0 2 4 6
Weight

Note: This figure plots the distribution of weights produced by the TSLS specification corresponding to the

I19% or I'P™°" interactions. Negative weights are highlighted in red. I;"9*” and I, """ produce the same

weights, since the signal is constant. The formula for the weights is in formula (D1).
Which agents have negative weights? Examine the relationship between the prior and

19



the weights in Figure D2; agents with negative weights are highlighted in red. Agents with

negative weights are concentrated among those whose priors are below and near the signal
ST—1.

Figure D2: Prior vs. weight wil gap

Weight

0.0 05 1.0 1.5 2.0
Prior

ap 1, prior

1,
Agents with w; g =W e <0 e =0

Note: This figure is a scatterplot of the prior against the weights produced by the TSLS specification
corresponding to the I]9*? or I'"*"*°" interactions. Negative weights are highlighted in red. "9 and I, **"*"
produce the same weights, since the signal is constant. The formula for the weights is in formula (D1).

In contrast, these agents do not have negative weight when using 17" and I*”. The
relationship between the prior and weights in the uncontaminated specifications are shown in
Figure D3; agents who had negative weights in the contaminated specifications are highlighted
in red. Qualitatively, the relationship between the weights and the priors are similar in 7"
and I]9. The weights for those with priors less than the signal ST = 1 are simply “shifted
up” from Figure D2 to Figure D3 such that there are no more negative weights. In contrast,

sign
Ii

the weights produced by

by I9°7. In particular, w ™" ranges from 0 to 3.5, whereas w/® ranges from 0 to 5.5, due to

in Figure D3 are qualitatively different from those produced

the up-weighting of those with the largest perception gaps. Up-weighting leads the relative
contributions of those with large perception gaps to be greater, especially for agents who
substantially update their beliefs—here, agents with large priors.

How do these negative weights generate differences in the coefficients? Figure D4 plots each
agent’s partial effect against their prior. The action function Y;(u) = exp(—3puio) X 1 generates
positive partial effects for all agents. However, the agents with negative weights enter negatively
into the weighted average, thus attenuating the weighted average partial effect. Moreover,
because this action function generates partial effects that are exponentially decreasing in
the prior, the agents with negative weights have relatively large partial effects, compared
to those with priors above the signal. Therefore, the attenuation is substantial, generating
large differences between the contaminated and uncontaminated estimated weighted average

partial effects.
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Figure D3: Prior vs. weight in uncontaminated specifications
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3
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Note: This figure shows scatterplots of the prior against the weights produced by the TSLS specification
corresponding to the I7"9" and I7*? interactions, respectively. Agents who have negative weights when the

contaminated I;°9*? or I"P"*°" specifications are used are highlighted in red. The formula for the weights is
in formula (D1).

Figure D4: Prior vs. partial effect
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Agents with w; gap:wi P, e <0 o 20

Note: This figure shows a scatterplot of the prior against the partial effect Bl = exp(—3uip) for each agent.
Agents who have negative weights when the contaminated I}9*" or I'?"*" specifications are used are
highlighted in red. The formula for the weights is in formula (D1).

D.2 Additional Estimated Coefficients for Kumar, Gorodnichenko,
and Coibion (2023b)

Figures D5 displays coefficients from the Kumar, Gorodnichenko, and Coibion (2023b)
application that are not shown in the main text.
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Figure D5: Estimates of weighted average partial effects using data from Kumar, Gorod-
nichenko, and Coibion (2023b)
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Note: The figure presents point estimates and 95% confidence intervals for the four prominent passive control
specifications in the literature using data from two arms in Kumar, Gorodnichenko, and Coibion (2023b).
The outcomes are defined as the difference between the planned change and the actualized change in the
outcome variable over six months, i.e., the planned change in price versus the actualized changed in price. The
outcome variables are the capital stock of the firm, the wages of the firm, the R&D budget of the firm, and
the profit margin of the firm. The feature of interest is GDP growth expectations, and the signal is 4% GDP
growth. Sign refers to I;"9", which regresses the outcome on the sign of the perception gap and posterior GDP
growth expectations, instrumenting the posterior by the treatment indicator times the sign of the perception
gap ST — wio. Gap refers to I7?, which regresses the outcome on the perception gap and the posterior,
instrumenting the posterior by the treatment indicator times the perception gap. “1, Gap” refers to Iil’gap ,
which regresses the outcome on the perception gap and the posterior, instrumenting the posterior by the
treatment indicator and the treatment indicator times the perception gap. “1, Prior” refers to IZ-1 PTOT swhich
regresses the outcome on the prior and the posterior, instrumenting the posterior by the treatment indicator
and the treatment indicator times the prior. I;*” and I}"*"*°" produce the same estimate because the signal
is constant. In all specifications, the coefficient of interest is the coefficient on the posterior expectation.
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D.3 Application to Jager et al. (2024)

Jager et al. (2024) study how information about workers’ outside options—that is, workers’
wages if they left their current job to find a new one—affects their labor market decisions.
First, Jager et al. (2024) elicit workers’ prior expectations of their outside options. Next,
they split their sample into a control group and a single treatment group. The control arm
receives no information; those in the treatment group are told the mean wage of workers
similar to themselves (based on gender, age, occupation, labor market region, and education
level). Then, Jéger et al. (2024) elicit workers’ posterior expectations of their outside options.

Figure D6 displays estimated coefficients from all four passive control interactions on
the outcomes intended negotiation probability, intended quit probability, intended search
probability, intended negotiation magnitude where no negotiation is coded as 0, intended
negotiation magnitude where no negotiation is coded as missing, and reservation wage cut.
For most outcomes, there are few systematic differences across the specifications.

In general, the difference in the estimated coefficient for I79" versus 19" tends to be larger
than the difference between I and the contaminated interactions I,}9** and I}7""". For
example, the I7" coefficient for the intended negotiation probability outcome is 30-40% larger
(though not statistically significantly so) than the coefficients from interactions 1%, I;9°7,
and I'""°" which are similar to each other. This pattern indicates that in this setting, the
up-weighting of workers with larger perception gaps may have a greater impact on estimates
than possible negative weights.

We can further investigate effects of up-weighting by characterizing the average weight
that TSLS gives to workers for each decile of the perception gap: E[w! |(S] — wi0) € [a;, b;]],
where a;, b; are the bounds of the deciles and w! denotes the weights on worker i when the

interaction is ;. Given X; Il Z; and Assumption 1 from the main text, we have

Elfim f(Xi)pia| Zi = T — E[Lim f (Xi)pia | Zi = C]

D2
Bfw; f(X0)]) = E[llnp|Z; = T) — E{llmpa|Z: = C] (b2)
where f is some function of X;. For example, if X; € [Zin, Tmaz), then
1{X; € [a,b]}
fa,b(Xi) . v~ T 11\ Lmin S a<b S Tmax>
P(X; € [a,0])’
gives
Elw; fos(Xi)] = Elw;|X; € [a,b]].
In this example, if we have a collection of intervals [a;, b;] such that U7_,[a;, b;] = [Zmin, Tmaz],
then ranging E[w] f,, 5, (X;)] over j = 1,...,J allows us to compute the average weight of
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Figure D6: Estimates of weighted average partial effects using data from Jéger et al. (2024)
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Note: The figure presents point estimates and 95% confidence intervals for the four prominent passive control
specifications in the literature using data from Jager et al. (2024). The outcomes are the worker’s intended
probability of negotiating with their current employer, intended probability of quitting their current job,
intended probability of finding another job, intended negotiation magnitude (no negotiations coded as 0),
intended negotiation magnitude (no negotiations coded as missing), and the reservation wage cut as a percent
of their current wage. The signal is the mean wage of similar workers, and the feature of interest is workers’
expectations of how much their wages would change, as a percentage of their current wage, if they switched
jobs. Sign refers to interaction I;"9", which regresses the outcome on the sign of the perception gap and the
posterior, instrumenting the posterior by the treatment indicator times the sign of the perception gap. Gap
refers to interaction I7", which regresses the outcome on the perception gap and the posterior, instrumenting
the posterior by the treatment indicator times the perception gap. “1, Gap” refers to Iil’gap , which regresses
the outcome on the perception gap and the posterior, instrumenting the posterior by the treatment indicator
and the treatment indicator times the perception gap. Following Jéger et al. (2024), we normalize agents’
perception gaps ST — 0 to be a percentage of ST for I9°? and I;}9°P. “1, Prior” refers to I, """, which
regresses the outcome on the prior and the posterior, where the posterior is instrumented by the treatment
indicator, the treatment indicator times the prior, and the treatment indicator times the signal. We estimate
the version of interaction I;*"**" that includes both the signal and the prior because signals are personalized
to each worker—see the discussion under Interaction 5 of the main text. In all specifications, the coefficient of
interest is the coefficient on the posterior expectation.

group [a;, b;]. We can also consider

J —_
BTSLS = U) ﬁz = Z]P) X S aJa bj ])E[wz[ﬂlyXl € [aj7bj]]7
7j=1
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where each E[w! 3| X; € [a;,b;]] is identified as

E[Iz{ﬂfaybj (X%)Y”Zl = T] - E[Iz{ﬂfaj,bj (Xz)}/;lzz = C]
E[lirpn|Z; = T| — E[limpi|Z; = C]

Elw] 3| X; € [a;,b5]] =

Figure D7 plots the weights against the perception gap. Compared to interactions I/
119 and 177" IF9" places relatively less weight on those in the lowest decile, and relatively
more weight on those in the middle deciles. Therefore, if workers with moderate perception
gaps have larger within-agent APEs f3;, then the I} 9" coefficient will be larger than those for

interactions I7*", I, and I;”""*", which would rationalize the estimates in Figure D6.

Figure D7: Perception Gap Characterization of Weights—Data from Jager et al. (2024)
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Note: Each point represents the characterized TSLS weight for the corresponding decile bin, using intended
negotiation probability as the outcome. For example, the leftmost point corresponds to the characterized
weight for those in the lowest decile bin, (-0.572,-0.228]. For a description of the characterization procedure,
see the text.

We can also characterize the contribution of each decile of perception gap to the estimated
TSLS coefficients; for this exercise, we focus on the intended negotiation probability outcome.
Denote the contribution as E[w!3;|(S — i) € [a;, b;]]. Figure D8 plots these contributions
against the perception gaps. Comparing the shape of the plot in Figure D8 against that of
Figure D7 shows where the differences in the APEs are. For example, small differences in
Figure D7 weight contributions across the interactions for the lowest decile translates to
large differences in the analogous Figure D8 TSLS estimate contributions. This is evidence
of heterogeneous partial effects—if these effects were constant, then the relative location of
each point in Figures D7 and D8 would be identical. Comparing the shape of the plot in
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Figure D8: Perception Gap Characterization of TSLS—Data from Jager et al. (2024)
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Note: Each point represents the characterized TSLS estimate for the corresponding decile bin, using intended
negotiation probability as the outcome. For example, the leftmost point corresponds to the characterized
estimate for those in the lowest decile bin, (-0.572,-0.228]. For a description of the characterization procedure,
see the text.

Figure D8 against that of Figure D7 suggests where large APEs are: Across all specifications,
the relative contributions of the second and seventh deciles are larger than their relative
weight. These deciles have perception gaps of (-0.228, -0.0931] and (0.162, 0.216], respectively.
Since the contribution is a weighted average of workers’ weights and APEs, the APEs of
workers in the second and seventh deciles must be large as well. That is, workers whose priors
are 10%-20% off from the signal are the more likely to change their intended negotiation
probability following treatment. In contrast, workers in the lowest decile bin of (-0.572, -0.228]
have smaller contributions relative to their weight. Therefore, their APEs are relatively
smaller than other workers.

One explanation for why workers whose priors are near—but not very close to—the signal
are the most likely to change their intended negotiation probability following treatment is
endogenous information acquisition, such as in Balla-Elliott (2023). Workers who are more
responsive to information are more likely to seek it out, and therefore have more accurate
priors. At the same time, workers that are very accurate will not respond much to the
information treatment; their actions are already near-optimal. Therefore, the workers that
are most responsive are those that have medium-sized perception gaps, and the workers that
are least responsive are those that have large or no perception gap. Interactions 19, 19
and I""" will up-weight workers with large perception gaps—and thus those who are least

responsive—attenuating causal effects towards zero.

26



References

Alesina, Alberto, Matteo F Ferroni, and Stefanie Stantcheva. 2021. Perceptions of racial gaps,
their causes, and ways to reduce them. Technical report. National Bureau of Economic
Research.

Angrist, Joshua D, Kathryn Graddy, and Guido W Imbens. 2000. “The interpretation of
instrumental variables estimators in simultaneous equations models with an application

to the demand for fish.” The Review of Economic Studies 67 (3): 499-527.

Armantier, Olivier, Scott Nelson, Giorgio Topa, Wilbert Van der Klaauw, and Basit Zafar. 2016.
“The price is right: Updating inflation expectations in a randomized price information
experiment.” Review of Economics and Statistics 98 (3): 503-523.

Armona, Luis, Andreas Fuster, and Basit Zafar. 2019. “Home price expectations and behaviour:

Evidence from a randomized information experiment.” The Review of Economic Studies
86 (4): 1371-1410.

Balla-Elliott, Dylan. 2023. “Identifying Causal Effects in Information Provision Experiments.”
arXiv preprint arXiw:2309.11387.

Balla-Elliott, Dylan, Zoé B Cullen, Edward L. Glaeser, Michael Luca, and Christopher Stanton.
2022. “Determinants of small business reopening decisions after COVID restrictions were
lifted.” Journal of Policy Analysis and Management 41 (1): 278-317.

Benjamin, Daniel J. 2019. “Errors in probabilistic reasoning and judgment biases.” Handbook

of Behavioral Economics: Applications and Foundations 1 2:69-186.

Blandhol, Christine, John Bonney, Magne Mogstad, and Alexander Torgovitsky. 2022. When

is TSLS actually late? Technical report. National Bureau of Economic Research.
Casella, George, and Roger L Berger. 2021. Statistical inference. Cengage Learning.

Cavallo, Alberto, Guillermo Cruces, and Ricardo Perez-Truglia. 2017. “Inflation expectations,
learning, and supermarket prices: Evidence from survey experiments.” American Economic

Journal: Macroeconomics 9 (3): 1-35.

Clippel, Geoffroy de, and Xu Zhang. 2022. “Non-bayesian persuasion.” Journal of Political
Economy 130 (10): 2594-2642.

Coibion, Olivier, Dimitris Georgarakos, Yuriy Gorodnichenko, Geoff Kenny, and Michael
Weber. 2021. The effect of macroeconomic uncertainty on household spending. Technical

report. National Bureau of Economic Research.

27



Coibion, Olivier, Yuriy Gorodnichenko, and Michael Weber. 2022. “Monetary policy com-
munications and their effects on household inflation expectations.” Journal of Political
Economy 130 (6): 1537-1584.

Cullen, Zoé, and Ricardo Perez-Truglia. 2022. “How much does your boss make? The effects
of salary comparisons.” Journal of Political Economy 130 (3): 766-822.

Dechezleprétre, Antoine, Adrien Fabre, Tobias Kruse, Bluebery Planterose, Ana Sanchez
Chico, and Stefanie Stantcheva. 2022. Fighting climate change: International attitudes

toward climate policies. Technical report. National Bureau of Economic Research.

Edwards, Ward. 1968. “Conservatism in human information processing.” Formal representation

of human judgment.

Fuster, Andreas, Ricardo Perez-Truglia, Mirko Wiederholt, and Basit Zafar. 2022. “Expecta-
tions with endogenous information acquisition: An experimental investigation.” Review
of Economics and Statistics 104 (5): 1059-1078.

Gabaix, Xavier. 2019. “Behavioral inattention.” In Handbook of behavioral economics: Appli-
cations and foundations 1, 2:261-343. Elsevier.

Grether, David M. 1980. “Bayes rule as a descriptive model: The representativeness heuristic.”
The Quarterly journal of economics 95 (3): 537-557.

Haaland, Ingar, Christopher Roth, and Johannes Wohlfart. 2023. “Designing information

provision experiments.” Journal of economic literature 61 (1): 3—40.

Jager, Simon, Christopher Roth, Nina Roussille, and Benjamin Schoefer. 2023. Replication
Data for: "Worker Beliefs about Outside Options”. V1, UNF:6:1DC6uX9GMUFs61mxcLifHg==
[fileUNF]. https://doi.org/10.7910/DVN/DCSRON. https://doi.org/10.7910/DVN/
DCSRON.

. 2024. “Worker beliefs about outside options.” The Quarterly Journal of Economics
139 (3): 1505-1556.

Kumar, Saten, Yuriy Gorodnichenko, and Olivier Coibion. 2023a. Supplement to "The
Effect of Macroeconomic Uncertainty on Firm Decisions". Econometrica. https://
www.econometricsociety.org/publications/econometrica /2023 /07 /01 / The- Effect-of-
Macroeconomic- Uncertainty-on-Firm-Decisions /supp/21004_ Data__and__ Programs.

Zip.

. 2023b. “The effect of macroeconomic uncertainty on firm decisions.” Fconometrica
91 (4): 1297-1332.

28


https://doi.org/10.7910/DVN/DCSR0N
https://doi.org/10.7910/DVN/DCSR0N
https://doi.org/10.7910/DVN/DCSR0N
https://www.econometricsociety.org/publications/econometrica/2023/07/01/The-Effect-of-Macroeconomic-Uncertainty-on-Firm-Decisions/supp/21004_Data_and_Programs.zip
https://www.econometricsociety.org/publications/econometrica/2023/07/01/The-Effect-of-Macroeconomic-Uncertainty-on-Firm-Decisions/supp/21004_Data_and_Programs.zip
https://www.econometricsociety.org/publications/econometrica/2023/07/01/The-Effect-of-Macroeconomic-Uncertainty-on-Firm-Decisions/supp/21004_Data_and_Programs.zip
https://www.econometricsociety.org/publications/econometrica/2023/07/01/The-Effect-of-Macroeconomic-Uncertainty-on-Firm-Decisions/supp/21004_Data_and_Programs.zip

Lehmann, Erich L, and George Casella. 2006. Theory of point estimation. Springer Science &
Business Media.

Mogstad, Magne, Alexander Torgovitsky, and Christopher R Walters. 2021. “The causal
interpretation of two-stage least squares with multiple instrumental variables.” American
Economic Review 111 (11): 3663-3698.

Tversky, Amos, and Daniel Kahneman. 1974. “Judgment under Uncertainty: Heuristics and

Biases: Biases in judgments reveal some heuristics of thinking under uncertainty.” science
185 (4157): 1124-1131.

29



	Setup
	Experiment
	Instrumental Variables
	Belief Exclusion

	TSLS
	Specifications
	TSLS Estimand
	TSLS Weights

	Posterior Formation
	Setup 1: Binary State and Binary Signal
	Setup 2: Normal Prior and Normal Signal
	Generalizations

	Application
	Simulation
	Empirical Application

	Practical Considerations
	Implications of Belief Exclusion
	Experimental Design: Insights from the Normal-Normal Setup
	Choosing a Passive Control Specification

	Conclusion
	General Setup
	Primitive Conditions for Belief Exclusion
	Conditional TSLS and Aggregation
	Alternative Formulations for the Causal Effects

	General Model of Posterior Formation
	MLR Property
	Belief Updating Rules
	General Sign Corrections
	Supplementary Results for Normal-Normal Setup

	Proofs for Appendix Results
	Empirical Applications
	Interpreting the Simulation Results
	Additional Estimated Coefficients for kumar2023effect
	Application to jager2024worker


