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Abstract

We study a dynamic model of technology adoption featuring a network externality: the

benefits for users increase with the number of adopters. We show that complementarity

gives rise to multiple equilibrium paths, multiple steady states, and to suboptimal

allocations. The model generates slow adoption, as individuals optimally wait for others

to adopt before doing so. We add gradual learning about the new technology which

contributes to the slow adoption. We apply the theory to the adoption of SINPE

Mobile, an electronic means of payment developed by the Central Bank of Costa Rica.

We use transaction-level data on the use of SINPE and several administrative data

sets informative about the network structure. We exploit plausible exogenous variation

to document the presence of strategic complementarities. In our calibrated model the

optimal subsidy moves the economy to 100% adoption.
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1 Introduction

The di↵usion of new technologies is important in several areas of economics, see for instance

Parente and Prescott (1994) and Comin and Hobijn (2010). The applied literature studying

technology adoption, such as Mansfield (1961), has long recognized the presence of spillovers,

whereby the probability that a firm will introduce a new technique is an increasing function

of the proportion of firms already using it. Such complementarities create a role for policy

to improve outcomes, and the multiplier created by the network e↵ects can lead to large

improvements from small policy interventions. Progress in this important research area has

been hindered by the lack of detailed data on technology di↵usion and by the challenges

that arise when modeling adoption dynamically (a large state space, non-linear decisions,

multiple steady states, and multiple equilibria). This paper develops a dynamic model of

technology adoption to study the role of strategic complementarities in the gradual di↵usion

of a technology. While the model is simple, it features fully fledged dynamic decisions where

agents are subject to idiosyncratic shocks and where the path of future adoptions a↵ects their

current decisions. We analyze the possibility of multiple equilibrium paths, multiple steady

states, and their local stability. We characterize the planner’s problem and its implementation

through subsidies.

We use the model to study the di↵usion of SINPE Mobile, an electronic method of pay-

ment developed by the Central Bank of Costa Rica.1 We think this is a pertinent application

of the theory because the technology features strategic complementarities ad because we have

access to several very detailed datasets to study the empirical adoption patterns.

In the model the flow benefits of using the technology at time t depend on the number

of agents who have already adopted the technology, N(t), and on an idiosyncratic persistent

random component, x(t). Adoption involves a fixed cost and agents choose when to adopt

taking the aggregate path of adoption as given. The model also includes an intensive margin

for the usage of the technology. A key novelty of our theory is the emergence of gradual slow

adoption through a simple mechanism: waiting for others to adopt. The optimal adoption

rule is given by a path for a threshold value, denoted by x̄(t), such that adoption will be

optimal if x(t) > x̄(t). This di↵ers from previous contributions, discussed below, where

gradualism is either absent, due to learning, or exogenously assumed e.g. through staggered

adoption opportunities. We assume that the economy starts with an initial measure of agents

that have adopted the technology. The optimal decision rule, x̄(t), through aggregation across

agents, implies a path for the fraction of agents that have adopted at each time t, N(t). The

equilibrium has a classic fixed point structure: the optimal decision path (x̄) depends on the

1
This payment technology is adopted by over 70% of the adult population and its transactions account

for over 10% of GDP each year.
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aggregate path (N), and the aggregate path depends on decisions.

We obtain several theoretical results. First, we establish monotonicity of the optimal

decision rules and of the aggregation to study the set of equilibrium paths. As expected

given the strategic complementarities, the equilibrium set is a lattice i.e. the equilibrium

paths can be ordered in terms of their intensity of adoption. This means that when there

is more than one equilibrium their paths do not cross. Second, we obtain a comparative

static result with respect to the initial measure of adopters and the strength of strategic

complementarities. We show that if the initial measure of adopters is small then there is an

equilibrium where no one will adopt in the future. Third, we show that besides the steady

state corresponding to the equilibrium with no adoption the model has two additional interior

steady states, which we label low and high adoption steady states. The comparative static

with respect to parameters di↵er across the interior steady states, with the low adoption

one having unintuitive signs (for instance a higher fixed cost increases adoption). Fourth,

to study the stability of the interior steady states we conduct a perturbation analysis with

respect to the initial condition. This is a non trivial problem that involves the linearization of

an infinite dimensional system, which we handle using techniques from the Mean Field Game

literature, in particular the ones studied in Alvarez, Lippi and Souganidis (2022). We find

that the low adoption steady state is locally unstable, while the high adoption equilibrium

is locally stable.2 Because of these results we focus on equilibria with either no activity or

high activity in the steady state.

Fifth, mostly to compare with the existing literature, we also analyze the model where x is

heterogeneous across agents but fixed through time. We refer to this as to the “deterministic

case”. A key takeaway from the deterministic case is that, starting from a no adoption initial

distribution, it features no dynamics; it is not a model of slow di↵usion, but one of “jumps.”

Instead, our baseline model features slow adoption given the option value of waiting for a

high draw of the idiosyncratic benefit and as the steady state distribution of adopters is very

di↵erent from the invariant one.

Sixth, we solve the planner’s problem. This is a non-trivial problem, as the planner

controls the entire distribution of agents across time. The problem results in a system of

PDEs that is almost identical to those of the equilibrium. We leverage this similarity to

decentralized it with a time varying subsidy paid each period to those that use the technology.

The optimal time-varying subsidy corrects the network externality, and it is equal to the

benefits of the inframarginal adopters. If the initial condition has lower adoption than the

steady steady of the planner problem, the subsidy is increasing through time.

2
Incidentally, we find that the linear approximation is accurate and very close to the paths produced by

the solution of the discretized model.
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We then use data on the di↵usion of electronic payment methods and user networks to

quantify these strategic complementarities. In particular, we leverage detailed data on Costa

Rica’s National Electronic Payment System (SINPE, by its initials in Spanish).3 SINPE is a

digital platform developed and administered by the Central Bank of Costa Rica, which con-

nects users in the country and allows them to mobilize funds between their bank accounts.

The platform was launched in May 2015 and now has over 75% of the adult population. By

2021, over 10% of the country’s GDP was transacted through SINPE every month. Infor-

mation on all SINPE transactions has been collected since its inception, which allows us to

analyze the dynamics of adoption of this system of national payments in great detail. In

turn, data on users—both receivers and senders—can be linked to several relevant networks,

including the employer-employee network, family networks, and spatial networks to explore

the role of neighbors.

The platform data allows us to test several model predictions. In particular, we document

five new empirical facts which align with our model. First, we find that the technology

di↵used slowly; while by 2021 over 75% of the adult population had adopted SINPE, adoption

has grown at a constant rate since the app’s launching. This gradual adoption coincides with

the dynamics of our stochastic model, and rules out other models in which adoption happens

on impact or with “jumps.” Second, most transactions are peer-to-peer; while firms can

potentially use SINPE, over 90% of the transactions are between individuals, which aligns

with a model like ours instead of a two-sided one. Third, individuals “belong” to networks;

75% of all transactions occur between coworkers, neighbors, or relatives. Fourth, there is

evidence of selection at entry; in line with how individuals with a high idiosyncratic benefit

adopt the technology first, we find that users who adopted when the network was small

use the app more intensively, and that users who adopted early have, on average, higher

wages and higher skill than those who adopted later. Fifth, there is evidence of strategic

complementarities; changes in the share of people within a network who have adopted the

app are associated with changes in the intensity with which users in that network use the

app.

Since a key fact is the slow and gradual adoption of SINPE, we also explore an alternative

model where the gradual di↵usion arises because of an information friction. This model

generates slow learning and a gradual technology adoption. The main conclusions from this

model is that the pure learning model di↵ers from the model with strategic complementarity

in that: (1) it has a unique equilibrium, and a unique stable steady state, (2) the use

of the technology for those that adopt depends only on the cohort, and not on the size

3
More precisely, the app is called “SINPE movil,” although throughout we will be referring to it as

“SINPE.”
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of the network, (3) the equilibrium is constrained e�cient: the optimal subsidy to use the

technology is zero. There are several useful insights in this model, such as the S-shaped profile

of adoptions. The model does not feature the sizeable newtwork e↵ects observed for SINPE,

a fact that makes it less interesting for discussing the optimal public regulation/intervention

upon the introduction of a CBDC. As a result, the quantitative version of our model features

a model of strategic complementarities combined with random di↵usion of information.

We then proceed with a strategy to calibrate this model. To do so, we need to estimate the

value of the parameter that governs the strength of the strategic complementarities. We do so

exploiting exogenous changes in the network of coworkers after a mass layo↵. In particular,

we examine how the share of coworkers who has adopted changes as someone moves from

one firm to another one for plausibly exogenous reasons. This strategy allows us to leverage

our rich data to overcome the fact that people select into their networks and the reflection

problem that arises when common shocks a↵ect those in the network. We examine both

how the extensive and the intensive margin of adoption respond. The intensive margin, in

particular, allows us to identify strategic complementarities. We calibrate other parameters

in the model using key moments from the data, including the half-life of the share of adopters.

Contribution to the literature In contrast to the previous literature, which has stud-

ied deterministic problems (e.g. Stokey 2020), our model allows for both stochastic network

connections and an initial arbitrary paths of the distribution of adopters. Our theoretical

approach has three advantages relative to the previous literature studying adoption dynam-

ically. First, it allows for dynamics in technology adoption as observed in the data. In the

stochastic version of the model, our model has dynamics even without the inclusion of fric-

tions to delay the transition to steady state. Second, our model allows for multiple equilibria.

As a result, we can consider equilibria with low adoption rates due to coordination failures, a

feature that is very relevant in low income countries. Lastly, and more importantly, casting

the problem as a Mean Field Game allows us to solve the planning problem. This is relevant

for policy since the presence of network externalities implies that the solution of the decen-

tralized problem is not e�cient. The solution of this problem is non-trivial since the planner

needs to account for the law of motion of the density of non-adopters at each point of the

state space and each time period. Our framework allows us to compute the optimal subsidy,

which equates the solution of the decentralized problem with that of the planner and depends

positively on the importance of strategic complementarities, which can be estimated directly

in the data. Relevant studies include Benhabib et al. (2021), who model firms that can en-

dogenously innovate and adopt at technology and the e↵ect of these choices on productivity

and balanced growth, but without conducting an analysis of the transitions between steady
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states; Crouzet et al. (2020), who develop a model with a unique equilibrium where the rate

of adoption increases given a shock due to complementarities and where dynamics come from

a sluggish adjustment a la Calvo (1983); and Buera et al. (2021), who study policies that

can coordinate technology adoption across firms.

On the empirical front, SINPE data spans from 2015 to 2021. During this time, it went

from zero adoption to over 75% of national adoption. These features allow us to study the

general equilibrium e↵ects of adoption across a long time period and complements previous

studies, summarized by Suri (2017), that have relied on RCTs or shorter periods of time

to analyze the patters of adoption of electronic methods of payment. In contrast to other

large-scale studies, of which the closest one to our work is Crouzet et al. (2020), who rely on

variation in the intensity with which Indian districts were exposed to the cash contraction

induced by the 2016 Indian Demonetization, we are able to use individual-level data on

adoption and SINPE usage, and on each person’s (and firm’s) network of SINPE users,

relatives, neighbors, and coworkers. This provides an opportunity to understand the relevant

networks for each user, identify the strength of complementarities and how they vary across

networks and time, and the dynamics of adoption over a long time period.
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