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How important are consumer confidence shocks for the

propagation of business cycles in Bulgaria?

Aleksandar Vasilev*

December 13, 2019

Abstract

This paper takes an otherwise standard real-business-cycle setup with government sec-
tor, and augments it with shocks to consumer confidence to study business cycle fluc-
tuations. A surprise increase in consumer confidence generates higher utility, as the
household values consumption more in that scenario. As a test case, the model is cal-
ibrated to Bulgaria after the introduction of the currency board (1999-2018). We find
that shocks to consumer confidence by themselves cannot be the main driving force
behind business cycle fluctuations, but when combined with technology shocks, model
performance improves substantially. Therefore, allowing for additional factors, such as
consumer confidence, to interact with technology shocks can be useful in explaining

business cycle movements.
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1 Introduction and Motivation

Macro/economic theory, e.g., Pigou (1927), and Keynes (1936), has long ago claimed that
?waves of optimism and pessimism” (Dees and Gunther 2014) could be important drivers of
business cycles. Dees and Gunther (2013, 2014) use survey data on consumer sentiment and
find that confidence shocks explain a large share of the variance in real economic activity.
They interpret the as a confirmation that confidence shocks play some role in business cycle
fluctuations. Other researchers also argue that confidence measures have both predictive
power in economic models, and thus a role in understanding business cycle fluctuations, e.g.,
Carroll, Fuhrer, and Wilcox (1994), Ludvigson (2004), and Benhabib et al. (2015). Ben-

habib and Spiegel (2017) also found consumer sentiment to affect aggregate demand in the
US, at state level.

Nowadays, many countries provide information on consumer confidence index. If we take for
example Bulgaria, a new EU member state, and a former transition economy, which is still

developing, we observe the following behavior over time:
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Source: NSI (2019).

Figure 1: Consumer Confidence Indicator (% change), Bulgaria (2001-2019)

As seen from Fig. 1, there is a big drop in consumer confidence around the financial crisis,



and a recovery afterwards. Even though the rate of change is negative throughout the period,

which a sign of extreme pessimism, the series exhibits clear cyclical fluctuations.

How should economists think in a disciplined manner about consumer confidence indices, and
their time series properties, more specifically? As argued in Barsky and Sims (2012), there
are two main approaches to modelling the role of confidence in macroeconomics: the first
is called the ”information,” or "news” approach, which suggests that confidence indicators
contain information about the future values of aggregate variables, e.g., Beaudry and Portier
(2006), Barsky and Sims (2011), among others. The second - and contrasting - approach is
the "animal spirits” one, which argues that changes in beliefs, or ”self-fulfilling prophesies,”
as discussed in Azariadis (1981) and Farmer (1999), which are unrelated to economic fun-
damentals (preferences, production function) may have a causal effect on the business cycle,

as in Akerloff and Shiller (2010), Angeletos and La’O (2013), and the references therein.

We take an alternative approach in this paper. Our analysis will be deeply rooted in economic
fundamentals. We prefer to stay within a neoclassical paradigm, and utilize a disciplined
micro-founded general equilibrium model. We take the consumer confidence channel seri-
ously, and proceed to investigate its quantitative importance for the propagation of business
cycles. In the model, a shock to consumer confidence will enter the consumption term in the
household’s utility function, and would thus disturb the marginal rate of substitution be-
tween consumption and labor (the ”intra-temporal” substitution effect), the inter-temporal
substitution of consumption, and the way the household substitutes hours over time, i.e.,
the inter-temporal substitution of leisure. Since our model will feature rational expectations,

the model will possess a unique steady-state.

This is the first paper that studies the propagation mechanism of consumer confidence shocks;
As pointed above, our approach differs significantly from the "news” approach described ear-
lier. In addition, the theoretical framework allows us to distinguish between technology and
shocks to consumer confidence. As proposed, Bulgaria will be used as a testing ground for
the theory. The focus will be on the period after the introduction of the currency board

regime, which brought macroeconomic stability. The choice of the country makes sure that



our findings will be relevant for other transition and developing economies. Using a compu-
tational experiment, and simulating the response of the artificial economy to innovations to
consumer confidence, we find that shocks to consumer confidence by themselves cannot be
the main driving force behind business cycle fluctuations, but when combined with technol-
ogy shocks, model performance improves substantially. Therefore, allowing for additional
factors, such as consumer confidence, to interact with technology shocks can be useful in

explaining business cycle movements.

The rest of the paper is organized as follows: Section 2 describes the model setup, Sec-
tion 3 describes the model calibration, Section 4 characterizes the symmetric steady-state,

Section 5 evaluates the out-of-steady-state model dynamics, and Section 6 concludes.

2 Model Setup

The setup is standard. The novelty is the introduction of a shock to consumer confidence.
There is a prepresentative on-member household, which derives utility out of consumption
and leisure. The time available to the household can be spent working, or in the form of
leisure. The government collects tax revenue, and spends on public purchases and govern-
ment transfers. On the production side, there is a representative firm, which produces a
homogenous final good, which could be used for consumption, investment, or government

purchases.

2.1 Households

There is a representative household, which maximizes its expected utility function:

E, Z Bt{ [(%Ct)y(ll__zt)lu]la }7 (1>

where Ej is the expectations operator as of period ¢ = 0, ¢; denotes household’s private

consumption in period ¢, h; are non-leisure hours in period ¢, 0 < § < 1 is the discount
factor, 0 < pu,1 — p < 10 is the utility weight that the household attaches to consumption
and leisure, respectively. Parameter o > 0 captures the curvature of the utility function,

while ~, is a parameter reflecting how important /valuable consumption is. We will refer to
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this as consumer confidence parameter.

The household starts with an initial stock of physical capital ky, and has to decide how
much to add to it in the form of new investment. Every period physical capital depreciates

at a rate 9, where 0 < 9 < 1. The law of motion for physical capital is then
kt-ﬁ-l == Z.t + (]_ - (S)kt, (2)

and the real interest rate is r;, hence the before-tax capital income of the household in period
t equals 1. k;. In addition to capital income, each household can generate labor income, which

is remunerated at an hourly wage rate w;.

Next, household i’s problem can be now simplified to

B> 4 { (e (= b)) } 3)

s.t.
(1 + TC)Ct + kt+1 — (1 — 5)]{?,5 = (1 — Ty)[wtht + /rtk:t + 7Tt] + gﬁ, (4)

where 7¢, 7Y is the consumption and income tax, respectively, g! is household’s government
transfer, and 7; is the profit income earned by each household. The problem generates the

following optimality conditions:

et ()T THL = hy) T = X (14 7) (5)
kt+1 . )\t = /8)\t+1|:1 + (1 - Ty)T’t+1 — 5] (6)
) YtCt . (1 — Ty>wt
T e P @)
TVC : thm ﬁt)\tkt+1 = O, (8)
—00

where ), is the Lagrangean multiplier attached to household’s budget constraint in period .

The first optimality condition states that for each household, inequilibrium the marginal
utility of consumption should equal the marginal utility of wealth, corrected for the con-

sumption tax rate. The second equation is the so-called ”Euler condition,” which describes



how each household chooses to optimally allocate physical capital over time. Next, at the
margin, each hour spent working for the firm should balance the benefit from doing so in
terms of additional income generates, and the cost measured in terms of lower utility of
leisure. Similarly, the disutility from an hour spent rent-seeking should equate the benefit
(in terms of captured tax revenue). The last condition is theboundary, or ”transversality
condition” (TVC), which states that at the end of the horizon, the value of physical capital

should be zero.

2.2 Firm

There is a representative firm in the economy, which produces a homogeneous product. The
price of output is normalized to unity. The production technology is Cobb-Douglas and uses

both physical capital, k, and labor hours, h, to maximize static profit
Ty = Atktahiia — Ttkt — wtht, (9)

where A; denotes the level of technology as of period ¢. Since the firm rents the capital from
households, the problem of the firm is a sequence of static profit maximizing problems. In
equilibrium, there are no profits (m; = 0), and each input is priced according to its marginal

product, i.e.:

k’t . Oé% =T, (10)
ki
he : (1-@% = w,. (11)
t

2.3 Government

In the model setup, the government is levying taxes on labor and capital income, as well as
taxing consumption in order to finance spending on utility-enhancing government purchases.

The government budget constraint is as follows:
g5+ gt = 16 + TV[rik: + wihy] (12)

Government consumption-to-output ratio would be chosen to match the average share in
data, and government transfers would be determined residually in each period so that the

government budget is always balanced.



2.4 Exogenous stochastic processes

The exogenous processes for total factor productivity, A;, and consumer confidence, 7, will

follow AR(1) processes in natural logarithms:

A =(1—pa)InA+p,In Ay + €y (13)
Iy = (1—py)Iny + py Inye + €y (14)

where A, ~y is the steady-state values of the TFP processes and consumer confidence, respec-
tively, 0 < pq,py < 1 are the corresponding persistence parameters, and the productivity
and confidence innovations are drawn from the following distributions: €¢ ~ 7.5.dN (0, 0?)

and €/ ~ 1.4.dN(0,02), respectively.

2.5 Dynamic Competitive Equilibrium (DCE)

Given the processes followed by technology and consumer confidence, {A;, v:}:°,, the aver-
age tax rates {7¢ 7Y}, initial capital stock ko, the decentralized dynamic competitive equi-
librium is a list of sequences {cy, i, ki, by, g5, 91 1720, and input prices {wy, r4}52, such that (i)
the household maximizes its utility function subject to its budget constraint; (ii) the repre-
sentative firm maximizes profit; (iii) government budget is balanced in each period; (iv) all

markets clear.

3 Data and Model Calibration

To compute the size of overall tax evasion in Bulgaria, we will focus on the period after the
introduction of the currency board (1999-2018). Data on output, consumption and invest-
ment was collected from National Statistical Institute (2019), while the real interest rate
is taken from Bulgarian National Bank Statistical Database (2019). The calibration strat-
egy described in this section follows a long-established tradition in modern macroeconomics:
first, the discount factor, g = 0.937, is set to match the steady-state capital-to-output ratio
in Bulgaria, k/y = 3.491, in the steady-state Euler equation. The labor share parameter,
a = 0.429, was obtained as the average value of labor income in aggregate output over the
period 1999-2014. This value is slightly higher as compared to other studies on developed

economies, due to the overaccumulation of physical capital, which was part of the ideology



of the totalitarian regime, which was in place until 1989.

The relative weight attached to the utility out of leisure in the household’s utility func-
tion, 7, is calibrated to match that in steady-state consumers would supply one-third of
their time endowment to working. This is in line with the estimates for Bulgaria as well
over the period studied. The depreciation rate of physical capital in Bulgaria, 6 = 0.05,
was taken from Vasilev (2015b). It was estimated as the average depreciation rate over the
period 1999-2014. The average income tax rate was set to 7¢¥ = 0.22, and the average social
contribution rate paid by the employer on the workers’ behalf is 7¢** = 0.234. The income
tax rate is a sum of two parts: the average effective tax rate on income between 1999-2007,
when Bulgaria used progressive income taxation, and equal to the proportional income tax
rate introduced as of 2008, plus the average amount of social security contributions made
by each worker. Technically, 7¢ = 7Y(1 — 7%%%) 4+ 7% since social security payments are
deducted from the tax base for income taxation, where 7Y is the pure income tax, and 7%**
denote the social security contributions paid by each worker. Finally, the tax rate on con-
sumption is set to its value over the period, 7¢ = 0.2. The TFP process is estimated from
the detrended series of the Solow residuals by running an AR(1) regression. Similarly, us-
ing data on consumer confidence from the National Statistical Institute, we estimate the
process followed by consumption shocks. Table 1 below summarizes the values of all model

parameters used in the paper.

4 Steady-State

Once the values of model parameters were obtained, the steady-state equilibrium system
solved, the "big ratios” can be compared to their averages in Bulgarian data. The results
are reported in Table 2 on the next page. The steady-state level of output was normalized
to unity (hence the level of technology A differs from one, which is usually the normalization
done in other studies), which greatly simplified the computations. Next, the model matches
consumption-to-output ratio by construction; The investment and government purchases ra-
tios are also closely approximated, despite the closed-economy assumption and the absence

of foreign trade sector. The shares of income are also identical to those in data, which is an



Table 1: Model Parameters

Parameter Value Description Method

153 0.937  Discount factor Calibrated

o 2.000 Curvature, utility function Set

a 0.429 Capital Share Data average
1 -« 0.571 Labor Share Calibrated

y 1.000 Steady-state, consumer confidence Set

1 0.333  Utility weight attached to consumption Calibrated

) 0.050  Depreciation rate on physical capital Data average
TY 0.100 Average tax rate on income Data average
T¢ 0.200 VAT /consumption tax rate Data average
Pa 0.701  AR(1) persistence coefficient, TFP process Estimated
o 0.044 st. error, TFP process Estimated
P~y 0.830 AR(1) persistence coefficient, consumer confidence process Set

(o 0.040  st. error, consumer confidence process Set

artifact of the assumptions imposed on functional form of the aggregate production function.

The after-tax return, where 7 = (1 — 7¥)r — § is also relatively well-captured by the model.

Table 2: Data Averages and Long-run Solution

Variable Description Data Model
Y Steady-state output N/A  1.000
cly Consumption-to-output ratio 0.674 0.674
iy Investment-to-output ratio 0.201 0.175
9y Government cons-to-output ratio 0.159 0.151
wh/y Labor income-to-output ratio 0.571 0.571
rk/y Capital income-to-output ratio 0.429 0.429
h Share of time spent working 0.333 0.333
A Scale parameter of the production function N/A  1.095
T After-tax net return on capital 0.056 0.067




5 Out of steady-state model dynamics

Since the model does not have an analytical solution for the equilibrium behavior of vari-
ables outside their steady-state values, we solve the model numerically by log-linearizing the
original equilibrium (non-linear) system of equations around the steady-state. This trans-
formation produces a first-order system of stochastic linear difference equations. First, we
study the dynamic behavior of model variables to an isolated shock to the total factor pro-
ductivity process, to an isolated shock to institutional quality, and then we fully simulate the
model to compare how the second moments of the model perform when compared against

their empirical counterparts.

5.1 Impulse Response Analysis: Technology Shock

This subsection documents the impulse responses of model variables to a 1% surprise in-
novation to technology. The impulse response functions (IRFs) are presented in Fig. 2 on
the next page. First, output increases directly upon impact as a result of the improvement
in technology. This expands the availability of resources in the economy, so uses of output
- private consumption, investment, and government purchases also increase contemporane-
ously. At the same time, the increase in productivity increases the after-tax return on the
two factors of production, labor and capital. The households then respond to the incentives
contained in prices and start accumulating capital, and dedicates more time to working. In
turn, the increase in capital and labor input feeds back in output through the production
function and that further adds to the positive effect of the technology shock. Over time, as
capital is being accumulated, its after-tax marginal product starts to decrease, which follows
from the diminishing marginal product property built in the production function. A lower
interest rate then lowers the households’ incentives to save in the form of capital. Investment
starts to decrease and returns to its old steady-state value. In turn, physical capital stock
also returns to its steady-state, following a hump-shaped dynamics along its transition path.
The rest of the model variables (except for consumption) also return to their old steady-

states in a monotone fashion as the effect of the one-time surprise innovation in technology
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dies out.
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Figure 2: Impulse Responses to a 1% surprise innovation in technology

5.1.1 Impulse Response Analysis: Consumer confidence shock

With consumer confidence shocks only, aggregate output is now deterministic. Consumer
confidence shocks affect the static (intra-temporal) trade-off between contemporaneous con-

sumption and hours worked, as well as the inter-temporal substitution of consumption, and
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the inter-temporal substitution of labor supply. The results are presented in Fig. 3 on the

next page.

-3
Pyl . . 0.01

-2 -0.01

Figure 3: Impulse Responses to a 1% surprise innovation in consumption confidence

More specifically, a shock to consumer confidence increases the marginal utility of consump-
tion, so the level of consumption decreases. From the marginal rate of substitution between
consumption and hours it follows that hours fall as well. Given that capital is predetermined,
output falls upon impact of the shock. The scarcity of hours in turn increases the return to
labor and capital, where the latter follows from the complementarity of hours and capital
in the Cobb-Douglas production function. Over time, the increase in the wage rate and the

interest rate result in an increased labor supply, and a higher investment rate. Over time, as

12



physical capital becomes less scarce, its after-tax marginal product starts to decrease, which
follows from the diminishing marginal product property built in the aggregate production
function. A lower interest rate in turn lowers the households’ incentives to save in the form
of capital. Investment starts to decrease and returns to its old steady-state value. In turn,
physical capital stock also returns to its steady-state, following a hump-shaped dynamics
along its transition path. The rest of the model variables also return to their old steady-
states in a monotone fashion as the effect of the one-time surprise innovation in consumer

confidence dies out.

Overall, the magnitude of the impulse responses confirms that consumer confidence, rep-
resented by a shock to the consumption term in the household’s utility function, cannot be
a driving force in the economy. However, maybe in combination with technology shocks, the
presence of consumer confidence disturbances might improve the model performance. We

investigate this possibility by simulating the model in the next subsection.

5.2 Simulation and moment-matching

As in Vasilev (2017b), we simulate 10,000 series of innovations for both TFP and institu-
tional quality for the length of the data horizon. Both empirical and model simulated data is
detrended using the Hodrick-Prescott (1980) filter. We consider three specifications: Model
I will feature only technology shocks, and v will be held equal to its steady-state value;
Model II shuts down any fluctuations in A;, so the only source of economic fluctuations are
innovations in consumer confidence. Model III is a setup with both technology and consumer
confidence shocks. The combined effect depends on the relative persistence and standard
deviation of the shocks. Table 3 on the next page summarizes the second moments of data
(relative volatilities to output, and contemporaneous correlations with output) versus the
same moments computed from the model-simulated data at annual frequency. Similar to
Vasilev (2016, 2017b, 2017c¢), the setups overestimate the relative volatility of consumption
and investment, but are still qualitative consistent with the stylized facts that consumption
varies less than output, and investment varies more than output. By construction, in all
versions of the model government purchases vary as much as output. Adding consumer

confidence shocks to the model driven by innovations to technology helps to increase the
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Table 3: Business Cycle Moments
Data Model I: Tech. Model II: Cons. Model I1I: Both

shocks only shocks only shocks
a./oy 0.55 0.78 2.39 0.87
gifoy 1.77 2.31 6.99 2.59
0,/0, 1.21 1.00 1.00 1.00
on/oy 0.63 0.26 1.76 0.40
Ow/oy 0.83 0.84 2.16 0.90
Ty/n/0y 0.86 0.84 2.16 0.90
corr(c,y)  0.85 0.92 0.66 0.82
corr(i,y)  0.61 0.87 -0.21 0.71
corr(g,y)  0.31 1.00 1.00 1.00
corr(h,y)  0.49 0.68 -0.12 0.39
corr(w,y) -0.01 0.97 0.54 0.87
corr(w,h) 0.33 0.51 -0.87 0.21

volatility of working hours. and that brings that moment closer to that in data. Wage
variability in the benchmark- and the combined model is close to that observed in data, but

way higher in the setup with consumer confidence shocks alone.

Next, in terms of contemporaneous correlations, the benchmark model systematically over-
predicts the pro-cyclicality of the main aggregate variables - private consumption, invest-
ment, and government purchases. This, however, is a common limitation of this class of
market-clearing models. With respect to wages, the model predicts strong cyclicality, while
wages in data are acyclical. This shortcoming is also well-known in the neoclassical literature
and an artifact of the wage being equal to the labor productivity in the model. However,
when technology shocks are combined with consumer confidence shocks, Model III features
a much better fit than the setup with technology shocks alone. Finally, Model II fits data
poorly, which is a strong indicator that consumer confidence shocks are not a major driver

of business cycle fluctuations.
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5.3 Auto- and cross-correlation

This subsection discusses the auto-(ACFs) and cross-correlation functions (CCFs) of the
major model variables. The coefficients of the empirical ACFs and CCFs at different leads
and lags, obtained from an unrestricted VAR(1), are presented in Table 4 below against the
averaged simulated AFCs and CCFs. For the sake of brevity, we present only results for
Models I and III, i.e., the model with technology shock only, and the setup combined with
consumption shocks. Following Canova (2007), this comparison is used as a goodness-of-fit
measure. As seen from Table 4, the model compares relatively well vis-a-vis data. Empirical
ACFs for output and investment are slightly outside the confidence band predicted by the
model, while the ACF's for total factor productivity, household consumption, and hours are
relatively well-approximated by the model. The persistence of hours is not well-described
by the model dynamics. Overall, both models generates too much persistence in output and
employment, and is subject to the criticism in Nelson and Plosser (1992), Cogley and Nason
(1995) and Rotemberg and Woodford (1996b). All those authors argue that the RBC class of
models do not have a strong internal propagation mechanism besides the strong persistence
in the TFP process. In this class of models, e.g. Vasilev (2009) for Bulgaria, and in the
current one, labor market is modelled in the Walrasian market-clearing spirit, and there is

no involuntary unemployment.
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Table 4: Autocorrelations for Bulgarian data and the model economy

k
Method  Statistic 0 1 2 3
Data corr(ng, nyg_x) 1.000 0.484 0.009 0.352
Model T corr(ngn,x) 1.000  0.953  0.895  0.828
(s.¢.) (0.000) (0.028) (0.054) (0.078)
Model IIT  corr(ng, ny—x) 1.000 0.955 0.900 0.836
(s.e.) (0.000) (0.027) (0.053) (0.077)
Data corr(ye, yi—x)  1.000 0.810 0.663 0.479
Model T corr(y;,yi—x) 1.000  0.957  0.905  0.846
(s.¢.) (0.000) (0.024) (0.047) (0.069)
Model IIT  corr(ys, y—x) 1.000  0.958  0.907  0.849
(s.e.) (0.000) (0.025) (0.048) (0.070)
Data corr(ag, a;—)  1.000 0.702 0.449 0.277
Model I corr(as,a;—g) 1.000  0.955  0.900  0.836
(s.¢.) (0.000) (0.026) (0.050) (0.072)
Model IIT  corr(a;,a;—) 1.000  0.956  0.902  0.839
(s.e.) (0.000) (0.027) (0.052) (0.075)
Data corr(cg, ¢—x)  1.000 0.971 0.952 0.913
Model 1 corr(cg, ¢—x)  1.000 0.959 0.910 0.856
(s.¢.) (0.000) (0.023) (0.045) (0.066)
Model IIT  corr(c;,c;—) 1.000  0.958  0.909  0.852
(s.e.) (0.000) (0.025) (0.049) (0.071)
Data corr(ig, i—x)  1.000 0.810 0.722 0.594
Model I corr(iz,iz—)  1.000  0.953  0.898  0.832
(s.¢.) (0.000) (0.027) (0.052) (0.075)
Model IIT  corr(iy,i;—x)  1.000 0.954 0.898 0.833
(s.e.) (0.000) (0.028) (0.054) (0.079)
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Table 5: Dynamic correlations for Bulgarian data and the model economy

k
Method Statistic -3 -2 -1 0 1 2 3
Data corr(ng, (y/n)i—r) -0.342  -0.363 -0.187 -0.144 0.475 0470  0.346
Model T corr(ng, (y/n)i—x) 0.056  0.056  0.056  0.505  0.076  0.010  -0.033
(s.e.) (0.342) (0.297) (0.242) (0.256) (0.224) (0.257) (0.289)
Model IIT  corr(ng, (y/n)i—x) -0.004 0.004  0.011  0.234  0.032  -0.005 -0.031
(s.e.) (0.338) (0.295) (0.244) (0.482) (0.273) (0.298) (0.327)
Data corr(hy, wy_y,) 0.355  0.452  0.447 0328  -0.040 -0.390 -0.57
Model T corr(ng, w;_y) 0.056  0.056  0.056  0.505  0.076  0.010  -0.033
(s.) (0.342) (0.297) (0.242) (0.256) (0.224) (0.257) (0.289)
Model IIT  corr(ng, wy_y) -0.004 0.004 0.011  0.234 0.032 -0.005 -0.031
(s.e.) (0.338) (0.295) (0.244) (0.482) (0.273) (0.298) (0.327)

In addition, as seen from Table 5 below, over the business cycle, in data labor productivity
leads hours. Neither the model with institutional quality, nor the standard model with a
technology shock can account for this fact, as both shocks generate only a contemporaneous
effect between employment and labor productivity. Indeed, this is what we see in all the

three specification: the highest value of the correlation is the contemporaneous one.

6 Conclusions

This paper takes an otherwise standard real-business-cycle setup with government sector,
and augments it with shocks to consumer confidence to study business cycle fluctuations.
A surprise increase in consumer confidence generates higher utility, as the household values
consumption more in that scenario. As a test case, the model is calibrated to Bulgaria after
the introduction of the currency board (1999-2018). We find that shocks to consumer confi-
dence by themselves cannot be the main driving force behind business cycle fluctuations, but

when combined with technology shocks, model performance improves substantially. There-
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fore, allowing for additional factors, such as consumer confidence, to interact with technology

shocks can be useful in explaining business cycle movements.
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