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Implications of time use measurement extend beyond labor

Without good measures of time use, we
cannot:

Measuring the Subjective
Well-Being of Nations
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» link time allocation to subjective
wellbeing

> quantify welfare and living
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standards

> evaluate programs and policies e ﬁ , %}{%
credibly

» measure unpaid domestic and care 4 ( g o
work

i i i NBER Conference Report (2008)
> reconcile household production with

national accounts



Measurement errors in time use/labor are often overlooked

Could measurement errors help explain ... ?
» Sluggish labor supply and proliferation of
self-employment in low-income countries
e.g., Breza and Kaur, 2025; Agness et al., 2025
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» Gender and other wage gaps e.g., Borjas and
Hamermesh, 2024; Gottlieb et al., 2026

> Sectoral productivity gaps
e.g., Gollin, Lagakos, and Waugh, 2014; Bick,
Fuchs-Schiindeln, and Lagakos, 2018; Gollin and Udry,
2021

> Inverse farm size productivity relationship
e.g., Foster and Rosenzweig, 2022



Our Method: At the Time of the Call (ATOC)
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Adaptation of “beeper method”

Experience Sampling Method (ESM)/Ecological Momentary Assessment (EMA)
Csikszentmihalyi, 2014

1. in-the-moment: avoid some recall problems (pabalen et al., 2016)
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Adaptation of “beeper method”

Experience Sampling Method (ESM)/Ecological Momentary Assessment (EMA)
Csikszentmihalyi, 2014

Ll A

in-the-moment: avoid some recall problems (pabalen et al., 2016)
qUiCk.' additional info (Kahneman et al., 2004; Krueger and Schkade, 2008)
by phone: easy, cheaper to measure outcomes repeatedly

refer to previous call: "bounded recall” (FA and The World Bank, 2018)



High Compliance!
More than 17,000 calls
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I Callback successful
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Average activity share differences
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Average activity share differences

» Average shares
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Comparing the distribution of economic activity shares
subsample: did not participate during 7 days prior to baseline
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Conditional Distribution of Economic Activity Shares
by respondent’s economic participation at baseline

Labor Contributed at Baseline Labor NOT Contributed at Baseline
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Conditional Distribution of Economic Activity Shares
by respondent’s economic participation at baseline

Labor Contributed at Baseline Labor NOT Contributed at Baseline

Newly

. participated

4
!

2
L
Share of time: economic activities
2
f

Share of time: economic activities

fraction of the data fraction of the data

ATOC DR



Conditional Distribution of Economic Activity Shares
by respondent’s economic participation at baseline

Labor Contributed at Baseline Labor NOT Contributed at Baseline
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Conditional Distribution of Economic Activity Shares
by respondent’s economic participation at baseline

Labor Contributed at Baseline Labor NOT Contributed at Baseline

Participating

for very
short periods

Share of time: economic activities
Share of time: economic activities
2
L

fraction of the data fraction of the data

ATOC DR



Conditional Distribution of Economic Activity Shares
by respondent’s economic participation at baseline

Labor Contributed at Baseline Labor NOT Contributed at Baseline

Over-estimating
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Measurement error mechanisms we can set aside

Our results include evidence dismissing:

» Hawthorne/social desirability effects - reports are consistent
over days in survey

» Endowment/survey burden effects - frequent calls and phone
provision have no impact on DR reports



Measurement error mechanisms we can set aside

Our results include evidence dismissing:

» Hawthorne/social desirability effects - reports are consistent
over days in survey

» Endowment/survey burden effects - frequent calls and phone
provision have no impact on DR reports

We show impacts of these are minimal:
> Selection effects (which calls answered) - bounded and minimal

» Person-specific time literacy - results not explained by
characteristics, e.g., watch ownership

» Survey design effects (e.g., 24-hr DR vs 7 days ATOC
reference periods) - do not drive results, though hard to isolate
from recall error



Ability to report baseline interview duration varies
IQR is [-5,4-20]

T T
-50 0 50 100 150

guessed - actual duration of baseline interview

Observed Fitted normal

Note: vertical lines are the 25th and 75th percentiles; median 1s 5; mean 1s 10.1



Explanations for remaining differences: recall error

Recall error mechanisms in DR;

» Activity switching & durations: days are busy sequences of
activities, brief ones are omitted and long ones over-estimated

> Activity classification: e.g., commuting may be coded as
work in DR

» Reference period length: longer bounded recall windows =
lower share of time accounted for



Respondents cannot account for all time between calls
(bounded recall periods)

Percent of sample

0 50 100 150 200
% of bounded recall period accounted for



Recall error mechanisms: Longer reference periods are

harder to explain

200

{LLT

1 2 3 4
Quartile of BR period length

Top and bottom of boxes are 75th and 25th percentiles; horizontal line within box is the median value for respondents in each decile;
whiskers extend past the box by 1.5*IQR; omits outside values beyond this

% of BR period accounted for




Implied Labor Productivity

if livestock sales and economic activities reported CaEEaat VA e SRR AN ReIS
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difference in means = 1.56 (p-value: <0.001)
kolmogorov-smirnov p-value: <0.001



Discussion

» Labor supply errors lead to under-estimation of productivity:
» LF participation is underestimated and dynamic
» Labor hours are overestimated, “chores’ under-estimated
» Labor supply elasticity is negative! for ATOC; null for DR
» Errors are common and non-classical:
» Errors relate to participation. Working more — greater
over-estimation
» Errors not driven by respondent characteristics, appear with all
types of respondents
» Opportunities to better understand intra-household dynamics:

» Spouses misestimate each other's activities
» Childcare likely under-reported with both methods



Scaling ATOC is feasible

ATOC has lower implementation costs than DR for repeated rounds

Figure: ATOC cost premium (vs DR) by number of endline rounds

Cost Ratio (DR =1)
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Assumptions: ATOC surveys use an in-person baseline and also collect time use outcomes by phone at
baseline and endline. Sample size held constant (1000).



Separate sample: Self- vs. spouse-reports

Engaged in leisure (ATOC method) - new paper: “Sharing is caring: Redistributing unpaid
domestic and care work improves well-being for fathers and mothers” (Gupta et al., 2026)

Female respondent Male respondent

I Male engaged in leisure M@ Female engaged in leisure
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Appendix



Day Reconstruction Method—"Gold Standard”

» Kahneman, Krueger, et al. (2004) » Neuroscience: Sensing Time —
» Back to ATOC
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Day Reconstruction Method—"Gold Standard”
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Challenges:

» Long, tedious interview — limited info. on simultaneous
activities, companions, quality of interactions
» Seasonality /informality (high within-person o2, irregular LFP)

» Innumeracy, (time) (il-)literacy, neuroscience of sensing time

(Borjas and Hamermesh, 2024; Gollin and Udry, 2021; Gaddis et al., 2021; Arthi et al., 2018; Dillon
et al., 2012; Kahneman et al., 2004; Bound, Brown, and Mathiowetz, 2001)



Individual-level compliance
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Decomposition results: participation effect (extensive)
> 0 if ATOC participation higher

® Economic 4 Social + Household work A Care of others M Travel & personal

Bars show 90 and 95% confidence intervals based on standard errors estimated for extensive and
intensive margin of activity a jointly using the delta method.



Decomposition results: conditional duration (intensive)
> 0 if ATOC participation higher

N
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Bars show 90 and 95% confidence intervals based on standard errors estimated for extensive and
intensive margin of activity a jointly using the delta method.



Decomposing average differences

Define for activity a and survey method s:
w5 = participation rate = % of respondents participating

o = conditional duration = E [ activity share | participated |

Decompose the average difference (LATE):

DR ATOC DR ATOC D ATOC
Ba:Ua ’ (Na — Ha ) + <Ua _O-ar> © Ha

(1)

=oPR . Ap,  + Ao, - phTOC

Joint estimation identifies effects and standard errors for:
» Ap, = a participation effect (extensive margin)

» Ao, = a conditional duration effect (intensive margin)



Decomposing average differences: Extensive margin (BR
version)
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Decomposing average differences: Intensive margin (BR
version)
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Participation effects vary across subcategories

rank order: participation rate in DR
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Bars show 90 and 95% confidence intervals based on standard errors estimated for extensive and
intensive margin of activity a jointly using the delta method.



Conditional duration effects are correlated with reported
duration

R t

rank order: conditional duration in DR

® Economic 4 Social + Houschold work A Care of others M Travel & personal

Bars show 90 and 95% confidence intervals based on standard errors estimated for extensive and
intensive margin of activity a jointly using the delta method.



Bounding possible selection effects
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Recall error mechanisms: Duration of bounded recall period

matters but not respondent’s baseline interview error

200
150
100+

50

% of BR period accounted for

o4 -+ £ . -4 -4 4

11 21 31 41 12 22 32 42 13 23 33 43

BR period length x Type of error in estimating baseline
X-axis labels (AB):
A denotes BRPL quartile (1 = shortest, 4 = longest);
B denotes baseline estimation error (1 = under, 2 = close, 3 = over)
Top and bottom of boxes are 75th and 25th percentiles; horizontal line within box is the median value for respondents in each decile;
whiskers extend past the box by 1.5*IQR; omits outside values beyond this
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