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a b s t r a c t 

Time use models have advanced significantly during the last decade: their theoretical ap- 

proach has been refined, functional forms have improved and new constraints have been 

incorporated, among other aspects. However, there is an incipient development of an issue 

of great importance: the role and influence of external agents on individual time alloca- 

tion and the recognition of unpaid/domestic work as a distinctive area of research. In this 

paper we introduce domestic production and the potential domestic work substitution by 

external providers in a time use model, improving its formulation and the interpretation 

of the values of time. We take into account the marginal utility of domestic activities, their 

cost - either if self-produced or hired - and the relation between the domestic output and 

domestic work hours considering the difference in skills between providers and household 

members. A stochastic system of equations is proposed and estimated using three Dutch 

time use and expenses data sets, from which the values of leisure and work are computed 

and analyzed. Comparative results show that a model with no consideration of hired do- 

mestic providers overestimates the values of leisure. 

© 2017 Elsevier Ltd. All rights reserved. 

1. Introduction 

The way people assign their time has been a subject of study since the early years of the twentieth century. As we have 

stated elsewhere, “time use studies have been justified primarily by the need to understand how people make decisions 

about their activities that, by definition, occupy the total time available. The temporal limitation induces the existence of 

options, so that the decision on the use of time involves an implied and relative valuation of the time allocated to various 

activities; therefore, use and value are inextricably linked” ( Jara-Díaz and Rosales-Salas, 2017 ). Nevertheless, when looking at 

the literature altogether, we detected that methodological and theoretical advances have, in general, overlooked the impact 

of external agents on individual time allocation, particularly domestic help and its interaction with unpaid labor, an area 

where descriptive and empirical analyses abound but devoid of a theoretical link with time values and its associated time 

use. 

Hiring domestic providers has implications for household income, expenditure and family life. On one hand, the availabil- 

ity of a helper could release household members from domestic maintenance and make it possible for them to spend more 

time either working to earn more income for the household or performing other activities, possibly improving their quality 

of life. On the other hand, the presence of a helper may affect the privacy of family life and, eventually, individual time 

allocation. It may also influence households’ spending patterns as hiring a domestic helper can be an important household 

expenditure commitment. 
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The main purpose of this paper is to enrich the formulation of time use models currently used for the estimation of 

the underlying values of time, by extending the current approach to consider external help for activities such as household 

maintenance and childcare. The model we formulate and estimate is aimed at the analysis of how households trade-off

hiring domestic providers for productive activities against taking these responsibilities by household members themselves. 

To do this, new effects have to be considered, namely the value of the individual’s own domestic labor, the value of the 

consumption of domestic goods, the cost of the necessary intermediate goods and external helpers, and the skills of the 

individuals involved in the production of domestic goods. To the best of our knowledge, no such in-depth model has been 

reported yet in the time use literature. 

In the next section we briefly describe the literature on time values and modeling, the research on domestic production 

and we examine the possible base models to incorporate our contribution. The proposed model is formulated in Section 

3 . Data is presented and examined in Section 4 . In Section 5 we present the estimated models and analyze the results by 

looking at a base model comparison, at a controlled test of the evolution of individual behavior, and at a context level. 

Finally, in Section 6 we summarize some of the principal findings, and we discuss the potential for future research. 

2. Time use models and time values 

The first general theory of time allocation within a microeconomic framework was formulated by Becker (1965) . There, 

time use is seen as derived from the maximization of a utility function subject to a time and a budget constraint. After 

Becker’s model - which concluded that time was valued at the wage rate for all time uses - many studies have contributed 

to the understanding of time allocation and valuation, beginning with approaches in the areas of labor supply and transport, 

expanding towards other areas such as domestic production and leisure studies. Johnson (1966) was the first to directly 

incorporate time allocated to an activity (i.e. leisure and work) into the utility function. He proposed that Becker’s value of 

time was incomplete, and was missing an important component: the subjective value of work. Additionally, he stated that 

the total value of work was equal to the value of leisure, which in turn was also equal to the value of travel time. This 

was challenged by Oort (1969) who, proposed that not only work and leisure had to be included into the utility function, 

but also travel time, thus differentiating the value of leisure from the value of travel time. In 1971, DeSerpa made three 

significant contributions: (i) he directly included goods and all time allocations in the utility function, (ii) he introduced 

a set of technical constraints linking the consumption of goods with a minimum time assignment, and (iii) he defined 

three different concepts of time values (value of time as a resource, value of time as a commodity, and the value of saving 

time in a particular activity). Evans (1972) modified the previous time allocation models by being the first to state a utility 

depending only on time assigned to activities ( Jara-Diaz, 2007 ). 

Since then, many studies have made interesting and substantial contributions towards time use and time valuation re- 

search. Transport has been a particularly fruitful area of advancement because travel models are implicitly or explicitly 

related with time use modeling, and with the values of leisure and work. This led to the so-called activity based analysis 

(see Pinjari and Bhat, 2011 , and Ronald et al., 2008 for recent reviews) and to the expansion of time-related microeconomic 

consumer theory (Jara-Díaz and Guevara, 2003; Jara-Díaz et al., 2008 ). 

Within a microeconomic framework, the most general formulation was presented by Jara-Díaz (2003), where he com- 

plemented the set of technical constraints of DeSerpa (1971) by showing that goods consumption has a minimum that 

depends on the activities undertaken; this resulted in a more complete formulation of time values. His model is formulated 

as follows: 

Max U = U ( X , T ) (1) 

∑ 

P j X j = w T w 

(2) 

∑ 

T i = τ (3) 

T i ≥ f i ( X ) (4) 

X j ≥ g j ( T ) (5) 

where U is the utility function, X is the vector of market goods consumed ( X j ) and purchased at their price P j , T is the vector 

of time allocated to activities, T i is the time assigned to activity i, T w 

corresponds to the time assigned to work, w is the 

wage rate and τ is the length of the period considered. Eqs. (4) and ( 5 ) form the set of technical constraints linking goods 

consumption and time allocation. 

Later, Jara-Diaz and Guevara (2003) presented a simplified version of this model focused on transport time and its value, 

which was extended by Jara-Diaz et al., (2008) by including all activities, goods consumption and any discrete choice, to 

provide new econometric estimations of the value of leisure and time allocation to different activities. 
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