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Day-of-the-Week Models of Shopping 
Activity Patterns 
MOSHE HIRSH, JOSEPH N. PRASHKER, AND MOSHE BEN-AKIVA 

Most empirical studies that deal with activity analysis develop 
models of dally activity patterns In which the model l.s assumed to 
represent all of the days of the workweek. An alternative 
approa.ch, In which activity pattern models are developed sepa
rately for each day of the workweek, Is presented. The underlying 
assumption Is that the appropriate basic time unJt for analyzing 
some activity patterns Is the week not the day. Dy applying this 
approach, a better representation or the bcha\•lor of Individuals 
and Improved models of activity patterns can be achieved Thi 
hypothesis Is tested by developing Independent models of dally 
activity patterns for each day of the workweek and comparing 
them among themselves and with an average-day model of shop
ping behavior. The results vary systematically during the week and 
thus encourage the development of day.of-the-wcck models for 
analyzlng activity and travel patterns. Furthermore, predictions 
based on average-day models were found to be biased when used 
In analyzing a specific day of the week. 

Most empirical studies that deal with activity analysis develop 
models of daily acliviLy patterns, in which the model is assumed to 
represenl all of lhe days in the workweek. An alternative approach, 
in which activity patlem models are developed separately for each 
day of the workweek, is presented. The underlying assumption is 
that the appropriate basic time unit for analyzing some activity 
patterns is tJ1e week, rather than the day. By applying this 
approach, better representation of individuals' behavior and 
improved models of activity patterns can be achieved. The 
rationale for this approach is discussed in the following section. 

BEHAVIORAL FRAMEWORK 

Most of the current activity pattern models use the average day as 
the basic time unil for analyzing activity paltem.s. This approach 
requires certain asswnptions, two of which have been examined 
and placed in doubt in this paper: 

• An individual's daily activity is habitual; that is, it repeats 
from day to day (1). 

• If day-to-day variability does exist, it is random rather than 
systematic. 

These assumptions appear to 'be an oversimplification and have 
been questioned in several studies (2-5 ). Hanson and Huff (2), for 
example, examined the day-to-day vaiiability in behavior in Swe
den by using trip diaries that covered 35 consecutive days. Their 
findings show that although daily behavior does have a certain 
degree of regularity, it is not repetitive. Moreover, even though the 
working men in the sample exhibit a considerable amount of 
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regularity with respect to their working pattern, it becomes evident 
that they exhibit considerable day-to-day variability in their discre
tionary activities. 

Prashker and Hirsh (5) collected weekly activity diaries in Israel 
in order to study the differences in daily activity patterns. Their 
analysis of the average household daily trip rate and the average 
household daily time for various activities by day of the week 
revealed three main periods in the week: (a) Sunday through 
Thursday, (b) Friday, and (c) Saturday. This pattern reflects the 
s1ructure of business in Israel where Sunday through Thursday are 
the prime business days, Friday is a reduced-hours workday, and 
Saturday is the day of rest. Further, significant differences were 
manifested among the first 5 days of the we.ek. For example, there 
was a significanl reduction in shopping in!Cnsity on Tuesday and a 
similar reduction in personal business on Wednesday. 

Whereas the studies just cited tried to identify day-to-day vari
ability, Herz (4) attempted to find time cycles within which vari
ability is systematic. To do so, he used daily activity records 
evenly spread throughout the year, collecting from each individual 
data for 1 day only. Using aggregate data, Herz found that, aside 
from the high variability that exists among individuals for the 
average day, there is a systematic, day-to-day variability, which 
can be explained by the weekly cycle. 

These empirical works provide evidence that day-to-day vari
ability does exist and that it has a strong systematic component 
Theoretical works that describe human behavior (6,7) place great 
importance on temporal constraints, and these are also found in 
empirical work (8). Most temporal constraints are derived from the 
opening times of institutions and firms. These constraints define 
the times within which the individual can perform out-of-home 
activities. A.s usually happens in an urban system, opening hours 
do not have a regular daily cycle. In Israel, for example, public 
health services are closed on Monday and Thursday afternoons; 
most commercial shops are closed on Tuesday afternoons; banks 
are closed on Wednesday afternoons; and most schools and work
ing places, especially those involved in services, have different 
working times on different days. Finally, most institutions and 
finns in Israel are closed on Friday afternoons and all of them are 
closed all day Saturday. 

Another aspect of the temporal dimension of an individual's 
activity pattern is his free time. Daily free time is limited, and 
because each activity needs time for its execution, one activity is 
performed at the expense of other activities, which have to be 
postponed to other days. 

More recently, Pas and Koppelman (9) studied multiday activity 
patterns using the 1973 Reading Activity Diary Survey. Jn this 
study, daily activity patterns were characterized by (a) the number 
of stops in the pattern; (b) the stops' purposes (subsistence, main
tenance, or leisure); and (c) the time of day of the stops (morning 
or afternoon, peak or off-peak). Using this broad description of 
activity pattern, five daily patterns were identified for employed 
persons during the workweek. The study could not reject the null 
hypothesis that daily pattern selection is independent of the day of 
the week because of the small sample used. However, some spe-
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cific differences among days do exist These researchers also 
showed thal e mpirical results were consis tent with the hypothesis 
that daily activity pattern is the outcome of a Lwo-stage process: (a) 
selection of a multiday pattern and (b) selection of a daily paltem 
based on ihe mulliday pi1iii;":m. 

In this paper is studied the day-to-day variability in the patterns 
of a single activity-shopping. The main hypothesis is that shop
ping behav ior is dependent on the day of the week and that 
sys tematic day-to-day variability in shopping patterns does exist 
because of systematic variation in the temporal constraints set 
This hypothesis is tested by developing models of daily shopping 
patterns for (a) each day of the week and (b) an "average" day of 
the week. The models are then compared in order to find any 
systematic day-to-day variability in shopping behavior. 

The daily model. developed in this paper do not include 
dynamic effect (i.e., they are estimated independently of the indi
vidual's behavior on any other day of the week). However, it may 
be assumed that a single maintenance activity that does not have to 
be performed every day on a regular basis will be executed only 
when the need for it exceeds some threshold value. Thus current 
shopping behavior may be interrelated with past activity patterns 
as well as with current-day characteristics and with future activity 
plans. Such an approach is used by Hirsh et al. (10). 

DESCRIPTION OF MODEL 

During weekdays in Israel (Sunday to Friday) most stores are open 
from 8:00 a.m. to 1:00 p.m. and from 4:00 p.m. to 7:00 p.m. Some 
of the big department stores, however, are open continuously from 
8:00 a.m. to 7:00 p.m. On Tuesday most stores close at 3:00 p.m. 
or 4:00 p.m. to comply with a municipal law, although the big 
department stores do not obey the law and remain open continu
ously until 7:00 p.m. On Friday most stores are open continuously 
and their closing lime varies between 2:00 p.m. and 7:00 p.m. In 
this paper the daily shopping pattern assumed to be available for 
each individual during a weekday is one of the following: (a) to 

not shop that day, (b) to shop starting in the morning period (8:00 
a.m. to 1:00 p.m.), or (c) to shop starting in the afternoon period 
(after 1:00 p.m.). The alternative of shopping in both periods is not 
considered separately because of the small number of individuals 
(only eight) who chose it. This alternative is included in the second 
one (i.e., starting to shop during the morning period). 

The econometric models are based on utility-maximizing princi
ples to describe the individuals' choices among the alternatives. 
For convenience, it was assumed that the distribution of the error 
term in the utility function of the daily shopping pattern is in 
accordance with the assumptions used by the logit-type models. 
Thus, because the choice set of each individual in each day 
contains more than two alternatives, the first statistical test exam
ined the feasibility of applying the multinomial lo git (MNL) model 
by testing the independence of irrelevant alternatives (IIA) 
assumption. In this case it is reasonable to asume that the individ
ual considers the two alternatives of participation (morning or 
afternoon) to be more closely related than the alternative of not 
participating. The test is described in detail in Hirsh (11), and it 
involved calibrating the MNL with all subsets of the alternatives. 
The IIA test showed that the trinomial structure has to be rejected 
and replaced by a hierarchical structure, shown in Figure 1, in 
which the individual first decides whether to shop on that day and 
then. given a decision to shop, chooses between morning and 
afternoon. For this structure, a nested logit model was adopted as 
follows: 
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P(s,d) = P(s) x P(dls) (1) 

where 

P(s,d) the joint probability of selecting a daily shopping 
behavior, 

P(s) 

P(dls) 

the marginal probability that the individual will 
choose to shop on that day, and 
the conditional probability of selecting shopping 
scheduled. 

PART! CI PATI ON NO PARTICIPATION 

MORN I NG AFTERNOON 

FIGURE 1 Hierarchy of the dally decision-making 
process. 

This structure means that two types of models have to be estimated 
for each day. The first is a conditional logit model of choice of 
shopping schedule in the fonn of 

P(dl s) =exp (V ds + Vd)ri. exp (V ts+ V1) 
I 

(2) 

where V dis the systematic components of the individual's schedul
ing utility function, which vary only across d, and V & is the 
systematic components of the individual's scheduling utility func
tion, which vary across d and s. 

In the second stage, a binary logit model of shopping activity 
participation is estimated in the fonn of 

P(s) =exp (Vs+ 't/s)/[1 +exp (Vs+ 'tis)] 

where the inclusive utility of shopping is 

ls = ln :r, exp (V 18 + V1) 

t 

(3) 

(4) 

in which 't is the coefficient of the inclusive utility (or log sum 
variable) and Vs is an additional systematic utility component of 
the shopping activity that is indepenent of the schedule. 

Data were collected in 1983 from 567 individuals, aged 18 and 
older, in the form of weekly diaries. These individuals, members of 
288 households in Israel, included 528 male and female household 
heads. Using the structure just described, two kinds of models 
were estimated: 

• Day-of-the-week models that assume that an individual's util
ity function may vary from day to day. The models also assume 
independence of activity patterns executed on different days of the 
week. 
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•The "average-day" model that assumes independence 
between different days and a constant utility function throughout 
the week. 

Because lhe average-day models assume independence among 
days, repeated observations of an individual may be treated as 
independent. In this case each individual was observed for 6 
consecutive days. Using this data set, the average-day models can 
be estimated in several ways. First, data for only 1 day, selected 
randomly, can be used for each individual. Second, using all of the 
days, an average day for each individual can be calculated using 
the averages of all the relevant atlributes. Third, all of the available 
infonnation may be used if each day is treated as Ill} independent 
observation. The latter option was selected for Ilic following rea
sons. First, because the data have already been collected, this 
option retains the maximum amount of information. Second, 
because models lliat use all tl1e observations have been eslimaled, 
lhe day-of- the week models are actually calibrated using subsets of 
this data. This property makes it possible to compare the two 
models using some statistical rests that apply to estimation with 
subsets of the data. 

By using this approach, two variants of !lie average-day models 
were estimated: one tllat used data from ll1e first 5 days of tlle week 
(Sunday lluough Thursday) and another that used tlle first 6 days 
of the week (Sunday tlu:ough Friday). These models were esti
mated because Friday in Israel has significantly different temporal 
constraints tllan do the other days. ThCfefore, although the conven
tional models developed earlier did nol distinguish among the 
days, Lhis cype of estimation made il possible to identify the effect 
of inclusion of a significantly different day in the average-day 
group. 

At this point il should be noted that neitlier the day-of-lh.e-week 
nor the average-day models consider interdependence among days. 
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The average-day model assumes independence of observations, 
and the day-of-the-week models assume independence of the 
various models. However, it may be found that a certain degree of 
dependence does exist among activity patterns executed by ll1e 
same individual on different days of the week. The neglect of this 
type of dependency in the models results in a specification error, 
which may bias tlle estimates of the maximum likelihood param
eters. However, it is assumed that these effects are similar in the 
average-day and the day-of-the-week models, and hence the com
parison of the models is not affected. 

ESTIMATION RESULTS 

General 

Discussion of esLimation results will be confined IO the main topic 
of the paper: day-of-tlle-week models versus average-day models. 
The two model types will be compared on the basis of statistical 
/-tests and interpretation of parameters. Both the daily models and 
the average-day model have been calibrated using an identical 
specification, as can be seen in Tables 1-4. Tables l and 2 give the 
estimation results for the conditional and the marginal day-of-the
week models, and Tables 3 and 4 give tlle corresponding results for 
the average-day models. (The insignificant attributes are retained 
in lhe tables in order to allow the statistical comparisons that 
require identical specification.) 

The various attributes used in the models can be categorized 
under Ille following two classes: (a) those tllat may change during 
ll1e week, such as tlle temporal constraints attributes or the individ
ual 's working patlem, and (b) those that do not change during the 
week (socioeconomic variables). The marginal participation mod-

TABLE I ESTIMATION RESULTS FOR THE CONDITIONAL DAILY SCHEDULING MODELS 

Variable• Sunday Monday Tuesday Wednesday Thursday Friday 

Dummy for afternoon participation 1.5 0.67 1.5 3.0 I.I 10.27 
(0.7) (0.3) (0.7) (1.6) (0.5) ( 1.6) 

Available time for shopping between -0.01 -0.01 -0.01 -0.01 - 0.01 -0.05 
8:00and 13:00 (3.3) (3.7) (3.8) (3 . 7) (4.4) (2.8) 

Available time for shopping between 0.01 0.007 0.004 0.006 O.o2 -0.007 
16:00 and 19:00 (2.1) ( 1.5) (0.9) (I.I) (3.1) (0.5) 

Dummy for male head of household 0.72 0.7 0.86 0.68 1.6 -0.05 
(1.5) (1.3) ( 1.5) ( 1.4) (2.8) (0.07) 

Dummy for private car present in house· -1 . 7 - I.O -1.0 -0.6 -0.17 0.6 
hold (2. J) (1.8) ( 1.9) (1.1) (0.3) (0.5) 

No. of children under 5 -0.83 0.33 0.25 0.27 -0.4 0.1 
(2.4) ( 1.0) (0.7) (0.8) (1.0) (0.2) 

Dummy for being at work on this day 0.9 0.27 -1.6 0.29 0.2 -13.2 
(0 .7) (0.3) (1.4) (0.3) (0.2) (2.4) 

No. of work days in the week -0. 11 0.11 0.13 -0.2 -0.3 0.3 
(0. 7) (0.7) (0.9) (1.2) (1.8) (I.I) 

Time in minutes from home to central -0.01 0.01 0.02 -0.03 -0.004 -0.01 
business district (0.6) (0.5) (1.0) ( 1.2) (0.2) (0.2) 

Time in minutes from home to nearest 0 .1 0.05 -0. l 0 -0.04 0.16 
food store (1.5) (0.6) ( 1.3) (0) (0.6) (1.2) 

No. of years of study 0. 17 0.03 0.01 0.03 0.02 0.18 
(2.3) (0.5) (0.2) (0.5) (0.3) (2.1) 

Age -0.07 -0.02 0.02 -0.03 0.002 0.01 
(3.3) ( 1.2) (0.8) (1.3) .(0.1) (0.4) 

Dummy for households with male head -0.22 0.41 -2.8 -1.3 -0.5 -0.74 
only (0.2) 0 .3 (2.2) ( 1.0) (0.3) (0.4) 

Expected duration of shoppingb .:0.009 -0.006 -0.02 0.02 O.o2 -0.02 
(0.6) (0.6) (1.3) (0.2) (1.4) ( 1.5) 

No. of cases 211 213 173 206 205 207 
£(0) -146.3 -147.6 -119.9 -142.8 -142. l -143.5 
£(~) -83.5 -86.6 -84.l -95.5 - 72.5 -48.2 
p2 0.43 0.41 0,30 0.33 0.49 0.66 

Note: t-values ere in parentheses. 
8 AU va.ri 11 bles inc ~pecific to the llfi:ernoon p111k ipation allcrnil tiVe except the variable of expected duration of shopping. 
bThis variable wa.'i estimated by Hnou regrts!lon for those who shop. 



TABLE 2 ESTIMATION RESULTS FOR THE MARGINAL MODELS OF PARTICIPATION IN 
SHOPPING ACTIVITY 

Variable8 Sunday 

Dummy for no participation 1 17 
( 1.4) 

Available time for shopping between -0.002 
8:00 and 13:00 (0.9) 

Available time for shopping between -0.005 
16:00 and 19:00 (2.1) 

Dummy for male head of household 0.76 
(2.9) 

Dummy for private car present in -0.003 
household (0 1) 

No. of children under 5 -0.2 
(0.9) 

Dummy for being at work on this day -0.04 
(0.07) 

No. of work days in the week 0.03 
(0.4) 

Time in minutes from home to central -0.007 
business district (0.7) 

Time in minutes from home to nearest 0.02 
food store (0.5) 

No. of years of study -0.003 
(0.1) 

Ase -0.003 
(0.2) 

Dummy tor households with male -0.93 
head only ( 1.3) 

Log sum of the scheduling conditional 0.2 
model (0.6) 

No. of cases 507 

£(~ -351.4 
£( -316.8 
p2 0.10 

Note: t-values are in parentheses. 
8 All variables are spectnc to the alternative or no participation. 

TABLE 3 ESTIMATION RESULTS FOR THE POOLED 
CONDITIONAL SCHEDULING MODELS 

Variable" S Days Pooled 6 Days Pooled 

Dummy for afternoon participation 0.5 -0.3 
(0 7) (0.5) 

Available time for shopping between -0.01 -0.01 
8:00 and 13:00 (8.3) (8.5) 

Available time for shopping between 0.01 0.01 
16:00 and 19:00 (4.2) (4 .6) 

Dummy for male head of household 0.8 0.5 
(4.0) (3.2) 

Dummy for private car present -0.7 -0.6 
in household (3. 1) (3.2) 

No. of children under 5 -0. l -0.09 
(0.7) (0.8) 

Dummy for being at work on this -0.02 0.2 
day (0.9) (0.9) 

No. of work days in the week -0.01 0.01 
(0.7) (0.8) 

Time in minutes from home to 0.002 0.003 
central business district (0.3) (0.4) 

Time in minutes from home to -0.02 -0.003 
nearest food store (0.7) (0.4) 

No. of years of study 0.05 0.04 
(2.0) (2.0) 

Age -0.02 -0.006 
(2.0) (1.0) 

Dummy for households with male -1.0 -0.9 
head only (2.1) (2.1) 

Expecttid duration of shoppingb -0.001 -0.004 
(O.l) (1.0) 

No. of cases 1,008 1,215 
.c (Q) -698. 7 -842.2 
.c ({I) -510.4 -666.2 
p2 0.27 0.21 

Note: r-values are in parentheses. 
8 All variables are specific to the afternoon participation alternative except the vari
able of expected duration of shopping. 

bThis variable was estimated by linear regression for those who shop. 

Monday Tuesday Wednesday Thursday Friday 

2,5 
(2.5) 
-0.002 
(0.9) 
-0.006 
(2.1) 
0.68 

(2.1) 
-0.35 
(1.0) 
-0.22 
( 1.1) 
-0.42 
(0.8) 
-0.04 
(0.5) 
-0.06 
(0.5) 
0.04 

(1.2) 
0.02 

(0. 7) 
-0.02 
(0.2) 
-0.9 
(1.2) 
-0.07 
(0.2) 
503 
-348. 7 
-315. J 
0.10 

J,8 0.5 3.4 1.5 
(1.8) (0.4) (2.9) (1.0) 
-0.004 -0.002 -0.002 0 
(1.6) (1.1) ( 1.0) (0) 
-0.003 -0.005 -0.001 0.001 
(1.6) (2.7) (2.8) (0.3) 
I.I 0.9 0.13 0.4 

(3.2) (3.8) (0.3) (1.8) 
0.02 -0.13 0.3 -0.35 

(0.1) (0,5) (0.9) ( 1.3) 
-0.31 -0. I -0.15 -0.22 
( 1.8) (0.6) (0.8) (1.3) 
-1.2 0.12 -1.1 1.1 
(2.0) (0.2) (1.9) (2.0) 
0.06 -0,.03 -0.04 -0.15 

(0.8) (0.3) (0.4) (2.0) 
0 0.02 0.02 0.02 

(0) (l.B) (1.8) (1.5) 
0.02 -0.04 0.02 0.06 

(0.4) ( 1.1) (0.6) ( 1.5) 
0.01 0.007 0.008 -0.06 

(0.3) (0.2) (0.3) (1.8) 
-0.006 -0.01 -0.009 0.003 
(0.5) ( 1. I) (U . ~) (u.3) 
-1.9 - 1.4 -0.6 - !.8 
(2.2) ( 1.8) (0. 7) (2.3) 
0.23 0.4 -0.17 -0.8 

(0. 7) (1.0) (0.7) (2.4) 
509 504 506 516 
-352.8 -349.3 -350.7 -357.7 
-302.5 -311.9 -314.9 -306.9 
0.14 0.11 0.10 0.14 

TABLE 4 ESTIMATION RESULTS FOR THE POOLED 
MARGINAL PARTICIPATION MODELS 

Variable8 5 Days Pooled 6 Uays Pooled 

Dummy for afternoon participation 1.9 1.6 
(3.5) (3 .3) 

Available time for shopping between -0.003 -0.002 
8:00 and 13:00 (1.6) ( l.l) 

Available time for shopping between -0.003 -0.003 
16:00 and 19:00 (1.2) ( 1.2) 

Dummy for m•le head of household 0.9 0.7 
(5.0) (4.6) 

Dummy for private car present in -0.23 -0.15 
household (1.4) ( 1.0) 

No. of children under 5 -0.17 -0.16 
(2.2) (2.3) 

Dummy for being at work on this -0.07 -0.02 
day (0.3) (0.08) 

No. of work days in the week -0.05 -0.01 
(0.8) (0.4) 

Time in minutes from home to -0.006 -0.003 
central business district (I. I) (0.7) 

Time in minutes from home to 0.01 0.01 
nearest food store (0.9) ( l.1) 

No. of years of study 0.02 0.009 
( 1.3) (0.6) 

Age -0.01 -0.008 
(2.5) ( 1.9) 

Dummy for households with -1.4 -1.3 
male head only (3.7) (3.8) 

Log sum of the conditional 0.44 0.2 
scheduling model (1.5) (0.6) 

No. of cases 2,529 3,045 
.c (.0) -1753 -2110 
.c ({j) -1589 -1896 
p2 0.09 0.1 

Note: r-vaJuea are in par en lheses. 
8 All variables are specific to the alternative of no participation. 
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els also include a log swn variable, which represents the condi
tional scheduling model described in Equation 4. 

In general, the following conclusions can be drawn from the 
estimation results. First, the results support the hypothesis that the 
scheduling choice for shopping can be distinguished from the 
participation choice. Tiris is because the various attributes are 
found to have different effects on participation and scheduling 
decisions. This is especially true for the average-day model 
(Tables 3 and 4) where the free-time attributes are found to influ
ence the scheduling choice but not the participation choice. 

The results are less conclusive for the day-of-the-week models 
of activity patterns. The variables in the daily models (Tables 1 and 
2) have different values on different days. However, with few 
exceptions, the 95 percent confidence interval for many estimates 
reveals that the null hypothesis, equality of coefficients across the 
days in the daily models or between the average-day and the daily 
models, cannot be rejected. Nevertheless, even if the estimated 
values of the single attributes do not exhibit significant differences 
across the days, the predicted behavior that results from the daily 
models can be significantly different from the behavior predicted 
by the average-day models. Tiris aspect of policy analysis will be 
demonstrated later in the paper. In the following subsections some 
of the details of the estimation results are discussed further. 

Temporal Constraints Attributes 

The category of temporal constraints attributes includes the morn
ing and the afternoon available shopping time for the individual. 
These attributes are calculated from the individual's reported 
working pattern and the opening hours of stores in Israel. These 
are the only attributes, in addition to the individual's working 
pattern, that change in value during the week. The morning and the 
afternoon free time are not combined in order to capture the effect 
of policies such as introducing flexible working hours, which may 
not change the total free time available to the individual but do 
change the morning and afternoon free time. Also, in this way the 
hypothesis that people are using the morning and the afternoon 
time differently can be tested. 

The estimation results for the average-day model show that the 
free-time attributes are significant to the scheduling decision but 
not to the participation choice. The daily models, on the other 
hand, show that the afternoon free time is significant to the par
ticipation choice on days when most stores are open in the after
noon (Sunday, Monday, Wednesday, and Thursday). Also, the 
daily models show that the morning free time on Friday has 
different value than on the other days, an effect that the average
day models, by definition, cannot show. 

Individual and Household Characteristics 

The individual characteristics used in the models are the individ
ual's age, education, status in the household, and working pattern. 
The household characteristics are car availability, number of chil
dren, and marital status of the head of household. All of the 
variables, except the individual's working pattern, remain constant 
during the week. These variables can also be classified under the 
following two categories: those that are more related to need for 
shopping (e.g., number of children) and those that are more related 
to the individual's ability to shop (e.g., accessibility or working 
pattern). 
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The estimation results support the hypothesis that the scheduling 
decision can be distinguished from the participation decision 
because some of the variables were found to be significant only to 
the participation model and others were significant to the schedul
ing model. However, the variables do perform differently in the 
average-day and in the daily models. In generaJ, both the schedul
ing and the participation average-day models exhibit more signifi
cant socioeconomic variables than do their corresponding daily 
models. On the other hand, an individual's working pattern was not 
found to be significant in the average-day model, but the daily 
models show that these attributes can be significant to both the 
scheduling and the participation decisions on some days. The daily 
models were also able to capture a well-known phenomenon in 
Israel: Thursday afternoon is the major shopping time for male 
heads of households. The probable reason for this is that Thursday 
afternoon is the last opportunity working people (mostly male 
heads of households in 1982) have to shop for the weekend 
because stores are closed from Friday afternoon until Sunday 
morning. 

Statistical Comparison 

The discussion so far has been based on the interpretation of the 
models. As was mentioned previously, the average-day model and 
the day-specific models may be compared by using statistical tests. 
The average-day conditional scheduling model (Table 3) is cali
brated using 1,008 observations from the first 5 days of the week or 
1,215 observations from the first 6 days of the week. These are the 
sum of the observations used in the daily models (Table 1). 
Because the two model types have the same specification, the 
following statistic can be used to compare them: 

(5) 

where LMP and LMd are the log-likelihood value (at convergence) 
for the (pooled) average-day model and for day d, respectively. 
The statistic is distributed chi-squared where the number of 
degrees of freedom is CE Md - M) where M is the number of 

d 

parameters estimated in the pooled model and Md is the number of 
parameters in the model for day d. 

In this case, the values of this statistic for the daily scheduling 
models are 391.6and176.4 with 70 and 56 degrees of freedom for 
6 and 5 days, respectively, which means that the daily scheduling 
models are significantly different from the average-day scheduling 
model. However, the null hypothesis of equality of coefficients 
between the daily and the average-day models cannot be rejected 
for the marginal participation models for both 5- and 6-day mod
els. 

Note also that the two average-day models (the 5- and 6-day 
models) can be compared. First, using the 95 percent confidence 
intervals, none of the parameter estimates in either the participa
tion or the scheduling model exhibits significant difference 
between the 5- and the 6-day models. Also, the values of the 
statistic in Equation 5 for comparing the 5-day model plus Friday 
with the 6-day model are almost zero for both the participation and 
the scheduling models, which implies that there is no significant 
difference in the parameter estimates between the 5- and the 6-day 
models. However, given the value of p2, it appears that the 6-day 
average model is inferior to the 5-day model. Tiris means that the 
inclusion of a day with a specific temporal constraint system (i.e., 
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Friday) in the calculation of an average model reduces the perfor
mance of the average model. 

POLICY ANALYSIS 

To further illustrate the difference between the two approaches, the 
average-day and the day-specific models were applied to predict 
the effect on shopping activity of shortening the workweek in 
Israel from 6 to 5 days (Sunday through Thursday) and adding 1 
work hour to each of the 5 working days. This policy was simu
lated for 275 individuals in the sample who worked a 6-day week. 
The policy was reflected in the following attributes of the various 
models: 

• Morning free time-on Friday, this free time is equal to 5 hr. 
• Evening free time-Sunday through Thursday, this free time 

decreases by 1 hr. 
• Number of working days in the week-reduced to 5 days. 
• Reing at work on a given day takes a value of zero on Friday. 

Table 5 gives the prediction for the base situation and the effects 
of the hypothetical policy on weekly shopping behavior according 
to both approaches. From the table it can be seen that in the 
observed base situation Thursday is the major shopping day; on 
Friday and Tuesday there is a tendency to refrain from shopping 
especially during the afternoon period. On Sunday and Wednesday 
the shopping pattern is similar; Monday displays a slight inLTease 
in shopping, mainly during the afternoon. 

The average-<lay model fails to reproduce the base situation 
because it predicts an almost identical shopping pattern for the first 
5 days of the week. On the other hand, the base situation prediction 
according to the day-of-the-week models is quite close to observed 
reality. These results suggest that, when applying a model to 
predict changes in base behavior that are due to exogenous 
changes implemented differentially by day of the week, the day
of-the-week model may be expected to be more accurate. 

The data in Table 5 also indicate that the average-<lay model 
predicts that the major change Sunday through Thursday is a 30 
percent reduction in shopping in the afternoon. Of those who 
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stopped shopping in the afternoon, 25 percent will switch to 
shopping in the morning on that day. As for Friday, the model 
predicts only a 13 percent increase in the participation rate. Over
all, the average-day model predicts a 9 percent weekly reduction in 
shopping due to the shortened workweek. 

The day-of-the-week model predicts a 27 percent reduction in 
afternoon shopping Sunday through Thursday; only 5 percent of 
these people will switch to morning participation. On Friday, the 
model predicts an increase of 85 percent in the participation rate, 
which is 6.5 times more than the increase predicted by the average
day model. Overall, the day-of-the-week models predict a weekly 
reduction of only 5 percent in shopping, which is almost half the 
reduction predicted by the average-<lay approach. 

Intuitively, expectations favor the predictions produced by the 
daily models. That is, a dramatic increase in shopping on Friday 
and a small overall change in the level of total shopping during the 
week are expected. 

CONCLUSIONS 

The hypothesis that the utility an individual derives from his daily 
shopping pattern is not constant during the week but depends on 
the specific day of the week and that the utility function therefore 
cannot be approximated by an average utility function is exam
ined. This hypothesis was tested by developing models of daily 
shopping patterns for each day of the week and comparing them 
with a model based on average utility function. The main findings 
of the empirical work are listed next. 

1. The estimation results support the distinction suggested 
between the decision to shop and the scheduling choice for shop
ping. The various attributes used in the models were found to have 
different effects on participation and scheduling decisions. 

2. The models exhibit behavior that favors the assumption that 
the utility function of the shopping pattern does not have a constant 
value but varies by day of the week. 

3. The changes in the utility function are similar to the changes 
in the temporal constraints set, but these changes are not fully 
compatible. For example, on Wednesday and Thursday an individ-

TABLE 5 EFFECTS OF SHORTENING THE WORKWEEK ON SHOPPING 
BEHAVIOR OF 275 INDIVIDUALS WHO WORK 6 DAYS A WEEK 

Sunday Monday Tuesday Wednesday Thursday Friday 

Base situation 
No participation 177 167 189 172 159 197 
Morning participation 25 19 57 24 24 59 
Afternoon participation 69 82 25 76 90 17 

Base prediction, day·of-the-
week models 

No participation 179 168 188 172 161 196 
Morning participation 27 17 60 19 13 57 
Afternoon participation 65 83 23 81 99 20 

Policy effect, day-of-the-
week models 

No participation 196 186 195 191 197 130 
Morning participation 28 19 59 17 14 124 
Afternoon participation 47 63 17 65 62 19 

Base prediction, average-day 
model 

No participation 192 190 191 192 193 182 
Morning participation 23 22 25 24 31 27 
Afternoon participation 56 56 55 56 49 64 

Policy effect , average-day 
model 

No participation 203 202 203 204 205 170 
Morning participation 27 26 28 27 34 83 
Afternoon participation 41 41 40 41 34 20 
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ual may be exposed to the same set of temporal constraints and still 
may exhibit different behavior. 

4. Average-day models based on average utility are biased 
when applied in anayzing a specific day of the week. Thus, when a 
policy that influences the activity pattern of specific days has to be 
evaluated, the use of day-of-the-week models is suggested. The 
results of the policy analysis performed indicated that there are 
large differences among the effects predicted by each approach. 

In conclusion, the empirical results show that the daily models 
can represent individual behavior better and thus suggest that day
of-the-week models should be used in activity and travel pattern 
analysis, especially when policies that affect activity patterns dur
ing different days of the week are to be evaluated. The policy 
analysis results can be highly influenced by the modeling approach 
used. It is proposed to develop the daily model further and to study 
activities other than shopping, which may have a different tem
poral cycle. Also, the daily activity pattern can include several 
activities; hence daily interaction between activities can be ana
lyzed. 

ACKNOWLEDGMENT 

The authors wish to thank Frank S. Koppelman from Northwestern 
University for his many valuable comments and discussions during 
the preparation of this paper. 

REFERENCES 

1. W. Brog and E. Erl. "Interactive Measurement Methods: Theoretical 
Bases and Practical Applications." In Transportation Research Record 

69 

765, TRB, National Research Council, Washington, D.C., 1980, pp. 
1-6. 

2. S. Hanson and J. O. Huff. "Assessing Day-to-Day Variability in Com
plex Travel Patterns." In Transportation Research Record 891, lRB, 
National Research Council, Washington, D.C., 1982, pp. 18-24. 

3. P. B. Goodwin. "The Usefulness of Travel Budgets." Presented at 
Conference on Personal Travel Budgets, Leeds, England, 1979. 

4. R. Herz. "Stability, Variability and Flexibility in Everyday Behavior." 
In Recent Advances in Travel Demand Analysis (S. Carpenter and P. 
Jones, eds.), Gower, London, England, 1983. 

S. J. N. Prashker and M. Hirsh. Preparation of Data Base for Weekly 
Activity Patterns. Publication 83-24. Transportation Research 
Institute, Technion-Israel Institute of Technology, Haifa, 1983. 

6. J. J. Havens. "New Approaches to Understanding Travel Behavior: 
Role, Life-Style, and Adaption." In New Horizons in Travel-Behavior 
Research (P.R. Stopher, A.H. Meyburg, and W. Grog, eds.), Lex
ington Books, Toronto, Ontario, Canada, 1981. 

7. C. Heidmann. "Spatial-Behavior Studies: Concepts and Contexts." In 
New Horizons in Travel-Behavior Research (P. R. Stopher, A. H. 
Meyburg, and W. Brog, eds.), Lexington Books, Toronto, Ontario, 
Canada, 1981. 

8. M. Hirsh. The Effect of Temporal Constraints on Household Travel 
Behavior. M.S. thesis. Technion-Israel Institute of Technology, Haifa, 
1979. 

9. E. I. Pas and F. S. Koppelman. "Analysis of Multiday Travel-Activity 
Patterns." Presented at 6Sth Annual Meeting of the Transportation 
Research Board, Washington, D.C., 1985. 

10. M. Hirsh, J. N. Prashker, and M. Ben-Akiva. Dynamic Models of 
Weekly Activity Pattern. Transportation Science {forthcoming). 

11. M. Hirsh. A Model of Urban Weekly Activity Pattern. Ph.D. disserta
tion. Technion-Israel Institute of Technology, Haifa, 1984. 

Publication of this paper sponsored by Committee on Passenger Travel 
Demand Forecasting. 




