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1 Introduction

1.1 The international growing relevance of time use data

Since the mid-1920 — early in URSS, USA, UK andaRdland then in many other countties
— Time-Budget Studies (TBS) and Time Use Survey$S)lwere used for analyzing peoples’
behaviour, patterns of social life associated il temporal distribution, the allocation and
management of human activities.

Actually many countries collect time-budget datackhare more and more relevant mainly to
monitor similarities, differences or changementgha way of life of populations or social
groups, documenting patterns of time use of toaahe or subgroups, studying practical
problems in order to face the problems relatedrbam environment (daily rhythm of urban
traffic, opening and closing hours of public seedacshops, entertainement etc., peak hours
and duration of the activities connected with thecteic power, water consumption, internet
daily use and so on); and the problems relatece#ithn (i.e. studying the rhythm of daily ac-
tivities as to sleeping, eating etc. related tacEdgroblems i.e. insomnia, obesity, cardiovas-
cular illness and so on).

In this context countries are also fastly develgpinternational websites (Multinational
Time-Use Studies (MTUS), the International Assacratfor Time Use Research (IATUR),
Harmonised European Time Use Studies (HETUS), aock rgeneral international websites
as to EUROSTAT and the National Statistical Instisuwebsites) that are essential for ac-
cessing original time use study data and infornmatio

Therefore the experimentation and harmonizatiorswitable methodologies to analyzing
complex data in view to exploring, comparing andtkgsizing large volume of time use data
are becoming more and more useful.

1.2 The object of the paper

The paper proposes, in addition to the many otbsesiple simple and multivariate statistical
methods of analysis, the use of the explorativetidioiensional data analysis (MDA) for the
analysis of time use tables (matrices) when eac¢hert is dealing with many cases: individ-
uals (microdata) or categories of individuals ariabgroups (macrodata) and many variables
(quantitative/ qualitative) simultaneously consaterMDA includes many multivariate tech-
niques which can be classified into two main growesssification analysis (cluster analysis)

1 Further details on the history of Time Use Stadiad on-line Survey Documentation can be founidhén

web site: http://www.iser.essex.ac.uk/misoc/timénsarmation/technical compiled by Fisher, Kimberly
Institute for Social and Economic Research, Unityedf Essex.
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and factorial analysfs each-one is a particular different way to analged synthesize the
initial data set. Among the several factorial as&ytechniques the paper considers the multi-
way analysis for multiple quantitative tables (pee. 4).

From a methodological and applicational point awibesides the specific MDA technique
which will be carried out it is useful to see mdithensional data analysis as a system com-
posed of various steps equally important and iej@eddent. At each step it is necessary to
make choices and to carry out operations havingsstal and computational aspects not al-
ways governed by fixed rules or single criteriaother words we can list seven main steps
(Figure 1) which make up an MDA and special emghasigiven to the preliminary four
steps often considered the ‘hotspot’ of the emticeess (Fraire, 1995)

Figurel
The seven phases of Multidimensional Data Analysis (MDA)
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Source: own elaboration.

Very synthetically, the above phases (in bracketsplaragraphs corresponding to the stepsre-
ferring to the application) in Figure 1 are defirsedfollows:

» The first step is related to the initial statistidacumentation and it is concerning the def-
inition of the object and the scope of the stutlg, $urvey plan and the actual data collec-
tion i.e. the questionnaires filled out, data daveiled from internet web sites, data bases
etc. (par. 2);

= The second step concerns the ‘a priori’ codingthe.transposition of all raw data col-
lected in the form of the initial data matrix or tmees (par. 3.1);

Among the factorial analysis there are severahous: Principal Component Analysis (PCA), Canonic
Correlation Analysis (CCA), Simple and Multiple @espondence Analysis, Multidimensional Scaling,
Multiway analysis including many different technasu(see par. 4). Many of them were developed in the
first half of the century from conceptual and metblogical point of view but seldom utilized. Nowada
the great and generalized capacity to process larlyene of data and to carry out complicated calioh
rapidly by the hardware and software available fereated the conditions for further diffusion oéithap-
plications.

We shall not dwell here upon this argument witiah be deepened in Fraire (1995, p.5-51).
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The third step concerns the ‘a posteriori codirgtransformation of variables with dif-
ferent aims (i.e. dividing a variable into clasdesnsforming a variable into ranks, stand-
ardizations etc.). This phase includes the firstdptive univariate and bivariate statistics
generally carried out on the ‘columns’ (variabletjhe initial data matrix (par. 3.2);

The fourth step concerns the ‘a posteriori codwfghe whole data matrix concerning the
choice of the data table generally different frdm tnitial data matrix (i.e. generalized

contingency table, complete disjunctive table etdable obtained as feedback from pre-
ceding multivariate analysis carried out on th&éahdata matrix i.e. factor scores matrix).

In the multiway analysis considered in the papés $itep concerns the choice of one of
the possible research situations (par. 4.2) asirgigooint data table and the tables ob-
tained as feedbacks of the three aspects chamwctethe multiway analysis (par. 4.3,

4.4, 4.5);

The fifth step concerns the choice of the meastinelation between cases (distances,
similarities etc.) or between variables (correlatamefficients, variances and covariances
etc.) according to the data table obtained in tleth step (par. 4.3, 4.4, 4.5);

The sixth step is related to the choice of the wethnd software of MDA (CA, PCA,
MFA etc.) (see par. 4.1);

The seventh step is devoted to results (i.e. emers, factor loadings etc.) and graphic
(i.e. factorial planes, dendrograms etc.) (par, 4.8, 4.5, 5).

As to time use methodological point of view it mportant distinguish two different but com-
plementary aspects which can characterize timelatseanalyses:

1.

Cross-sectional time use analysis: based on averag¢ion for each activity (referred to
all persons or only to those who have performedatiiity with the percentage of popu-
lation engaged in the daily activities). These ¢aldre fitting for analysing time alloca-
tion, time management, typical time-budgets, tirme structures of various categories of
population, social groups etc.;

Longitudinal time-use analysis (temporal sequerafedaily events): based on percent-
ages of the population or social groups engagethigie or all daily activities at selected
time-points during the day. These tables are {jttor analysing as the daily rhythm (dis-
tribution shape) of a specific daily activity, tvetglobal sequence patterns of daily life. In
the last case we analyse simultaneously the aly daitivities performed at selected
timepoints during the day by the population or iy $ocial groups considered.

In the paper we focus only on cross-sectional tise analysis and in particular on the multi-
way data analysis which is suitable for comparitagistical studies (i.e. referring to different
countries at the same time) when each of them lzexy wariables (i.e. activities) observed on
many cases (i.e. population at different stagege)f.

4

Statistical aspects and applications concernilugte Analysis and Principal Component Analysis be
seen in Fraire M.(2004), | Bilanci del Tempo erédagini sull’'uso del tempo. Time-Budget Studies(JBS
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The application considered concerns cross-natioolparison in time use crossing employ-
ment status and different stages of life by gemndérEuropean countries in 2003.

2 Source of data, sample size, cases
and analysis variables

2.1 Source of data, sample size and the countries ¢ onsidered

The data used for the application is a sub-fileaeted from Eurostat, ‘Time-use at different
stages of life in 13 European countries in 2003wdloaded from Eurostat web site
(http://europa.eu.int). The Eurostat data refetoedl3 countries time use surveys but only six
followed very closely the harmonized guidelinesiess by Eurostat. This means that they are
comparable between countries concerning the stlifférences in age group covered. In the
application we consider for simplicity only six cdues: Belgium (BE), Estonia (EE), Fin-
land (FI), Norway (NO), Slovenia (Sl), United Kingua (UK).

It is to remark that the data analysis considerddcbe applied to much more countries as
well. In Table 1 we report the sample size and eyreharacteristics of the six European
countries.

Tablel
Sample size and survey characteristics of 6 European countries
Country - Source Fieldwork period Population Sample size:
covered: age respondents
Belgium (BE) December 1998 - Feb- 12-95 8392
National Institute of Statistics and ruary 2000
Free University Brussels
Estonia (EE) April 1999- 10 - 5728
Statistical Otfice of Estonia March 2000
Finland (FI) March 1999- 10- 5332
Statistic Finland February 2000
Norway (NO) February 2000- 10-79 3211
Statistics Norway February 2001
Slovenia (SI) Aprila 2000- 10- 6190
Statistical Office of the Republic March 2001
of Slovenia
United Kingdom (UK) June 2000- 8- 10366
Office for National Statistics September 2001

Source: Eurostat, ‘Time-use at different stagdgefn 13 European countries in 2003’
from Eurostat web site (http://europa.eu.int), aaiculation.

and Time-Use Surveys, Ed. CISU, 2004, Roma in @aei Part 11l concerning Paths of Time Use Multi-
dimensional Data Analysis.
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2.2 Defining the cases

The cases considered in the application concerafiejories of population obtained crossing
by sex: the employment status and the ‘composifieaaiables represented here by lifecycle
variables obtained crossing (non exhaustively) dass/ civil status/ presence of child living

with parents according to youngest age.

The N=14 cases are detailed as follows (in bracketseported the labels of the cases):
1. Women (W);

2. EmployedWomen (EmplW);

3. Women less than 25 years old, Not having Child<#8ry old living with parents
(W<25NCh<18);

4. Women of any age living in Couple and having thengest Child of 0-6 years old
living with parents (WCAChO0-6);

5. Women of any age living in Couple and having yowstd@ehild of 7-17 years old liv-
ing with parents (WCACh7-17);

6. Women 45-64 years old living in Couple Not havirfgldren <18 years old living
with parents (W4564CN<18);

7. Women more than 65 years old living in Couple, Raving children<18 years old
living with parents (W>65CN<18).

The same categories have been obtained for Men:
8. Men (M);

9. Employed Men (EmpIM);

10. Men less than 25 years old, Not having Child<18ryeald living with parents
(M<25NCh<18);

11. Men of any age living in Couple and having youndéktld of 0-6 years old living
with parents (MCAChO-6);

12. Men of any age living in Couple and having youndestld of 7-17 years old living
with parents (MCACh7-17);

13. Men 45-64 years old living in couple Not having [dhen <18 years old living with
parents (M4564CN<18);

14.  Men more than 65 years old living in Couple, notihg children<18 years old living
with parents (W>65CN<18).
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2.3 Defining the variables

The variables considered in the application contleenactivities collapsed in 12 primary ac-
tivity groups exhaustive of all daily activitiesr Table 2 is reported the classification of the
activities.

The classification of the activities derives frone tEurostat more analytical classification (12
activities groups instead of 8) employed in thevabmentioned study and it is suitable for the
purpose of the present application concerning tEoeative description and comparative
analysis of time-budgets of different categoriesndividuals in the six countries considered
with respect to the main time use areas charautgrikhe daily activities.

Finally the type of day considered is the averameaf the week over the whole year.

Table?2
Classification of primary activities

Primary activity groups (labels) Primary activities

1. Sleep (Sleep) Sleep

2. Eats (Eats) Meals and personal care

3. Work (Work) Gainful work

4. Study (Stud) Study

5. Housework & Family care (H&Fa) Household work and family care

6. Volunteer work (FreV) Volunteers work and informal help to other house-
holds

7. Socializing (Soci) Socializing (participatory activities, social life and
entertainment and culture)

8. Leisure Time (Leis) Sports and outdoor activities, hobbies and games,
unspecified leisure time and resting

9. TV (Tv) TV and video

10. Other media (OMed) Other mass media (radio, music, reading)

11. Travel (Trav) Travel including travel for work

12. Other unspecified (OUns) Other, unspecified and filling in TUS diary

Source: Own definitions.

3 The initial data matrix

3.1 The initial data matrix of the application

Considering the cases (N=14) and the variables(j&q, 2, ..., k=12)) the activities above
defined in Table 2 are arranged together with tkdNcases in a matrix forma (initial data
matrix) as start point for the application (Fig@je
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The matrix has the following statistical charadict

1. The matrix is composed of 6 basic tables (six tadides matrix: cases x variables
foreach country) put one upon the other;

2. The rows are the time-budgets of the categoriggptilation considered and therefore
the row-sum is equal to 1440 minutes. The rawastittne use profile (description) of
the categories considered;

3. Comparisons among rows (also transforming data of %ae 24 hours=100) give the
differences in the time-budgets of the 14 categavigoopulation;

4. The columns represent the distributions of eaclvigcgroup among the N=14 cate-
gories of population;

5. Each column gives the consistency (amount of tipeny and the dispersion of the
activity among the 14 categories considered;

6. The data considered in the matrix are the averagatidn in minutes of the primary
activity groups computed dividing the total duratiof time devoted to that activity
group to the whole category of population considdrecluding persons who has not
performed the activity).

The use of means instead of individual durationmadhat the correlations are not perturbed
by large numbers of zeros in the data.

Referring to the average duration of activity te tivhole population or only to those who
have performed the activity has the following maieanings:

1. Average durations referred to the whole populaisosuitable to focusing the analysis
on time-budget in other words it allows us to asalthe incidence of average duration
of each activity on the 1440 minutes= 24 hours=.100

2. Average durations referred only to those who haréopmed the activity is suitable to
focusing the analysis on time use structure. lreotiords it allows us to analyse the
typical duration of each activity.

In the application average durations referred éovthole population have been considered.

3.2 Descriptive statistics for the first analysis o f data

Univariate descriptive statistics such as arithmetean, range, min-max, standard deviation,
coefficient of variation, % doers etc. give an imtpat frame of the time-use matrices. These
statistics are necessary also in view to furthgydateriori’ data matrix codings (i.e. transfor-
mation of the original data in deviations from thean, standardization, dividing into classes,
change of scale, ranging etc.). Bivariate staistiecch as correlations and partial correlations,
scatter diagram show the relationship (shape atehsity) between primary activities and
represent an important first analysis of data. Hewdor the sake of brevity we shall not
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dwell on these statistics and in Table 3 we repoly the means, standard deviations and co-
efficient of variation of the 12 activity groupsrfeach country.

Figure 2
Theinitial data matrix of the application (synthetic example)
Cases Sleep EatPers Work Study HFamCare VolontWork Socializ Leisure TV OthMedia Travel OthUnsp
BELGIUM
Women 521 162 88 41 238 a8 65 68 132 M 76 7
EmplWomen 445 156 232 4 226 & 61 43 o4 25 92 [
W<25NCh<1B 548 154 27 23 83 7 77 76 108 36 86 7
WCAChO-8 502 145 157 4 39 a e} 3y 92 18 =k} G
WCACh7-17 499 160 133 4 208 10 63 45 109 30 85 4
W4S64CH<1E 512 167 71 2 207 12 R5 66 148 33 71 G
W>E5CN<18 536 171 0 0 282 g 63 a7 193 40 42 7
Men 507 157 158 45 143 9 ] T8 144 44 91 5
EmplMen 481 154 300 4 135 g R4 47 115 32 103 i
M<25NCh<1B 548 140 44 202 54 7 69 117 124 40 a9 g
MCRChO-8 481 151 287 4 173 a A0 43 110 25 102 i
MCACh7-17 482 164 277 4 147 12 h3 52 124 32 98 5
M4S64CH<1E 503 163 150 3 181 10 54 66 164 51 8o &
M»e5CH<18 534 178 2 3 194 16 60 112 204 63 a7 T
ESTONIA
Women 530 126 120 27 267 13 A1 54 135 48 &0 5
EmplWomen 503 126 249 5 241 10 45 31 113 41 71 5
M>E5CN<18 558 148 44 0 207 13 a7 105 179 95 49 5
FINLAND
Women 522 126 124 36 212 14 63 72 128 60 66 12
EmplWomen 502 122 247 13 201 11 60 52 100 A7 76 9
M>E5CN<18 534 152 21 1 175 21 50 123 193 a7 48 25
NORWAY
Womesn 500 121 140 38 108 g 135 73 105 47 70 &
EmplWomen 488 111 219 19 108 7 132 57 a7 38 77 8
M>E5CN<18 494 163 41 2 184 15 a5 100 120 102 58 G
SLOVENIA
Women 520 127 133 44 265 & 68 72 110 n 61 3
EmplWomen 454 118 279 7 250 4 60 52 28 22 74 2
M>E5CN<13 535 163 48 0 197 12 61 142 165 76 39 2
UNITED KINGDOM
Women 523 136 116 40 221 12 73 57 136 33 81 12
EmplWomen 505 126 237 12 207 10 67 41 110 23 93 9
M>E5CN<18 515 170 19 2 214 16 62 83 203 78 63 14

Source: sub-file extracted from the EUROSTAT ‘Tinnge at different stages of life in 13 European taesin

2003’ Data File, Eurostat, downloaded from Eurostal site: http://europa.eu.int

Note: the meaning of labels is reported in par. @&n calculations.

From univariate statistics it is to remark that agdhe mean durations of the activities:
Sleep, Eats and personal care, Work, HouseworkFanaily care, TV have overall average
durations higher than Study, Volunteers activittescializing Leisure, Other Media, Travel;
for this reason the coefficient of variation fit lvand better than the standard deviation for
measure the dispersion of each activity amongaisesconsidered. Because the categories of
population considered in the application are ole@iorossing employment status and differ-
ent lifecycles by gender: particularly high reg coefficients of variation for the activities
Work, Study, Household work and Family care insatlcountries.
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Table3
12 primary activity groupsin 6 European countriesin a weekday in 2003.
Univariate statistics: mean (in minutesand in percent of 1440= 100), standard deviation
(in minutes), coefficient of variation CV (in percent).

Activity &

5 = = = =z 3

2E £, & 8§ E _ &

Country » 92 B & & = & 2 E & £ o
Belgium

mean 516 158 137 39 197 9 60 67 132 35 84 6

%o 36 11 9 3 14 1 4 5 9 2 6 0

std 22 9 101 73 79 3 G 25 33 11 15 1

CWV % 43 57 737 187 401 333 10,0 373 250 314 178 17.0
Estonia

mean 529 131 159 26 216 12 44 61 143 47 65 5

%a 41 9 10 2 14 1 3 4 9 2 5 0

std 27 7 94 48 96 4 15 2 2 17 11 1

CWV % 5.1 53 591 181 444 250 326 443 147 340 1534 200
Finland

mean 521 122 170 32 179 13 58 51 130 34 67 13

%a 36 8 2 2 2 1 4 6 9 4 3 1

std 25 12 107 32 80 5 11 33 26 18 12 5

CVoa 48 98 629 163 447 384 190 407 200 333 179 384
Norway

mean 499 116 172 32 178 9 120 74 115 45 72 8

%a 35 8 2 2 2 1 8 5 8 3 5 1

std 25 2 93 49 67 3 15 25 24 22 12 3

CV% 5.0 172 540 153 376 333 125 337 208 488 166 250
Slovenia

mean 518 127 180 34 215 7 65 80 118 29 65 2

%o 37 9 13 2 16 0 4 5 8 2 4 0

std 26 12 103 61 97 3 11 2 23 15 15 7

CV% 5.0 94 572 179 451 428 169 325 194 517 230 350
UK

mean 515 129 172 34 184 10 62 3 141 31 83 10

%o 36 9 12 2 13 1 4 4 10 2 6 1

std 31 20 107 58 88 5 8 23 26 17 2 1

CWV % 5.7 155 8622 171 478 500 129 365 184 3548 144 100

Source: own elaborations.

Among the ‘a posteriori coding’ of the initial dataatrix (the third phase of MDA par. 1.2)
because of the great differences of the means @speérdions of the 12 activities considered
the data have been transformed in standard devg&afirnean= 0 and std=1).

In view to compare the time-budgets of the six pean countries more easily the 12 activi-
ties have been classified in the following fivelgaictivity areas:
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Table4

Codesand Activities
Codes and Activity groups Activity areas Codes
1. Sleep Physiological area 1-2
2. Eats and personal care Physiological area 1-2
3. Work Public area 3-4
4. Study Public area 3-4
5. Housework and family care Family area 5
6. Volunteers Personal area 6-10, 12
7. Socializing Personal area 6-10, 12
8. Leisure Personal area 6-10, 12
9. Television Personal area 6-10, 12
10. Other mass-media Personal area 6-10, 12
11. Travel Travels or Mobility area 11
12. Other unspecified activities Personal area 6-10, 12

Source: own definitions.

In Figure 3 the six time-budgets are reported.

Figure3

Time-budgets of six European countries at different stages of life

and five areas of daily activitiesin a weekday in 2003

UNITED KINGDOM

SLOVENIA

NORWAY

FINLAND

ESTONIA

European countries

BELGIUM

0%

20% 40%

60%

80%

Activity Mean duration in % of the 24 hours = 100

100%

O Physiological HE Public B Family and House @O Personal

B Travels

Source: EUROSTAT ‘Time-use at different stagesfefih 13 European

countries in 2003, own elaborations.
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It is possible to remark that the 6 countries ntitstanding their geographical and cultural
differences have similar patterns of spending theie use (similar % of the 24 hours devot-
ed to the 12 activity groups considered) in therage day of the week over the whole year.

Considering the time-budgets of the five activitgas: all countries devote almost 42-45% of
the 24 hours to physiological activities, 14% tonifig and house activities, 20% to public
activities and 20% to personal activities.

Comparing the time-budgets of men and women ir6theuntries (Figure 4) it is possible to
remark that there are large differences in the geddision of gainful work and domestic
work: in all countries men devote more time to §adinwvork/study than to domestic work.
Men have overall more free time than women.

Figure4
Gender differencesin timeuse of six European countriesin 2003 (weekdays)

Women United =L LLLITITTITE P ]]] [TT1T1T]
Kingdom IR

Men United Kingdom |

-0

Women Slovenia 11

-

Men Slovenia

Women Norway Il

Men Norway Il

Women Finland

§-=E-g= ==-iE =

Gender in 6 european countries

Men Finland CRTERTERPEEREIIY
Women Estonia RETCERTER ||H
Men Estonia LRV ERE TR H
Women Belgium TR ﬁ
Men Belgium (RCETERLIETEETRE |ﬂ
HEERRERENENENERRRRENN HEEREN

Average duration in % of 24 hours =100

OPhysiological EPublic area EBFamily area [ Personal area W Mobility area |

Source: EUROSTAT ‘Time-use at different stagesfefih 13 European
countries in 2003, own elaborations.
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Multivariate Principal Component Analysis (PCA) a@tlister Analysis (CA) have been ap-
plied for the first explorative analysis of eachtbé six tables separately considered. The
main result3 (not reported for simplicity) are concordant (evieseparately for each country)
with the results of the multiway analysis allowittgcompare simultaneously the timebudgets
of the 14 categories of population in the 6 coastand exposed in the following paragraphs.

4 Multiway data analysis

4.1 The three-way matrix for multiway analysis

The multiway data analysis concerns the analysimufiple tables. As above mentioned the
multiway analysis is especially interesting whenawe looking for trends in situations found

in different countries at the same time or in aegiwountry in varying moments of time. By

the multiway matrix analysis it is possible to expl, compare and synthesize several multi-
ple tables overall and simultaneously.

Many techniques for multiway data analysis arelabé in connection with the type of mul-
tiples tables to be analysed (Procrustean analysisker, 1958); Metrical and non metrical
multi dimensional scaling (PARAFAC, Harshman, 197INDSCAL (Carrol and Chang,

1970); Multiple Factorial Analysis (Escofier andgea, 1983); ACT-méthode STATIS e
ACT-méthode STATIS-DUALE (Escoufier, 1980 and 1985¢neralised Canonical Analysis
(Horst, 1961).

The paper deals with the three-way data analyfesresl to quantitative matrices and in par-
ticular with the ACT-Statis-Duale Method and the INple Factor Analysis carried out em-
ploying the softwares ACT-Statis and WinSPAD-Analyzctorielle Multipl&

Usually three-way (or multi-way) data matrices halsa classified according to three (or

more) criteria or ways or dimensions. The sameetéioé. the basic table cases x variables
which is a two-indices matrix) built up over seveyaars or places or situations. In general
this third criteria or way is called ‘occasion’.n$plifying in Figure 5 is reported an example

of the time use three-way data of the applicatimppsed.

The initial three-way data matrix of the applicatig=eX n=14; k=12 has the following charac-
teristics:

O= occasions= 6 European countries,

> For example: in the PCA each country have a sanjlar two-dimensional time-budget structure umgler

ing the time-budgets of the 14 categories of pdpang; in CA four clusters of individual can be intdiéed

in each country.

The acronym ACT means Analyses Conjointes dededak and STATIS means ‘Structuration des Tab-
leaux A Trois Indices de la Statistique’. The tvafteare mentioned are of the CISIA, Centre Inteora!

de Statististques et d’Informatique Appliquée, Emn
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N= statistical units or cases= 14 categories olfain;
K= variables= 12 primary activities
X (r=1, ..., 6;i=1, ..., 14, =1, ..., 12) are the datpresented by the average duration (in

minutes) computed on all persons of the categopopfilation considered.

Figure5
Time usethree-indices data matrix of the application

-
(O = occasions (6 emropean

countiies)
N= 1114“( .1sest1 (I'];};,egourest of United Kingdom
H H Stage: 4 .
ll;j};} ati on at different stages Slovenia
ot e . Norway
Finlana
Estopia
Belgium
}( .
{1 12
u llllllll
i data: x = average duration per activity groups
14 T i]
/ X =12 variables (activity
groups exhaustive

of all daily activities)
Source: own elaboration.

In the multiway data analysis from a computatiopaint of view the ‘a priori coding’ (the
2nd phase of AMD, see par. 1.2) of the initial dedacerns the setting up of the initial data
file (Figure 2).

4.2 ‘A-posteriori’ codings of the initial data matr IX

It is important to remark that the initial data n@#s can have various a-posteriori codings
according to three different research situations:

1. Three-indices matrix of dimension N, (KxO) in whighthe various Occasions (i.e.
years or places) the individuals N are the sameflamdariables are different;

2. Three-indices matrix of dimension (NxO), K in whiaghthe various Occasions the
individuals N are different and the variables &e $ame;

3. Three-indices matrix of dimension (NxK), O in whiagihthe various Occasions the
individuals N and the variables K are the same.

In this paper we will present an application in @hthe second situation (different cases and
same variables across the different occasions @eis-posteriori coding that has been cho-
sen for the application.
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In particular the time-use three-way matgxX n=14; k=12 CcOnsidered in the application has
been above defined. The 3-way data analysis apdrircular the Act-Statis Method is devel-
oped into three different steps:

1. Inter-structure analysis;
2. Intra-structure (or compromise) analysis;
3. Trajectories analysis.

In the following paragraphs the three steps arailéetapplied to the example.

4.3 The inter-structure analysis: the overall simil arity and dissimilarity of
the time use in the six countries

The inter-structure analysis want to do an overathparison of the six statistical studies to
recognize the studies which are near (they givelaimepresentation of individuals) and
those which are not (Escoufier, 1987). In the aion it is possible to identify the overall
distances among matrices in view to examine if exctine 14 categories of population has
homologous (correspondent points) similar (neadissimilar across the 6 countries. In other
words it means that if the categories of populafzases) develop thorough the occasions (six
countries) in the same way or in different way tleap be respectively represented (Bolasco,
1999) like in Figure 6.

Figure 6
Shapes of scatter diagramsin concomitance with no changes (similar)
or changes (dissimilar) in the corresponding points of the basic tables

.-”+“' -—;-\-
EEEF ¥ S . dissimils U8 N\
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//* ' el /9 \
A\ // 5 i ]
% 2 L T
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— - ﬁ" \"\_\‘-f_l_'_‘__-rj?‘:lf
-c+__-.—v--¥ ‘:’;' j 4 — "..
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X
/s A\ /
j \\ 4
/ 6 \ /
1 7

Source: own elaboration.

The distances of the correlation coefficiénteported in Table 5 (0O=dissimilar matrices,
1=similar matrices) remark that the 6 tables camoerthe time-budgets of the 14 categories

" The similarity or dissimilarity among the six gnuse table can be measured by between simildiitgimi-

larity measures (euclidean distances etc.) or bydtktances between variances-covariances (V)roelae
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of populations in the 6 countries are very simithe coefficients are all near 1. It means that
countries with coefficients near to 1 have similamologous points. In other words the same
category of population across the 6 countries amepresent structural changes in the time-
budgets (% of 24 hours devoted to the 12 activitssidered).

In particular the data of table 5 indicate that:
» the most similar time use tables are between thie pacountries:
Finland/ Belgium (coefficient 0,906),
United Kingdom/ Finland (coefficient 0,906),
Norway/ Finland (coefficient 0,902);
= the most dissimilar:
Estonia/ Norway (coefficient 0,782),
Estonia/ United Kingdom (coefficient 0,734).

It is useful to represent the plot of the six nas. In Figure 7 is reported the overall and
simultaneous representation of the 6 time use sabtethe first factorial plane explaining

93.15% of the total variance. The plot allows t@mine the reciprocal position of the six

countries and their position with respect to themg@ompromise) matrix (V in the plot) (see
par. 4.4).

Table5
Distances matrix of correlation coefficients
(range: 0= max. distance (dissimilarity), 1= max. similarity between pairs of tables)

Belgium Estonia Finland Norway Slovenia UK
Belgium 1.000
Estonia 0.806 1.000
Finland 0.906 0.818 1.000
Norway 0.863 0.782 0.902 1.000
Slovenia 0.900 0.864 0.860 0.894 1.000
UK 0.899 0.734 0.906 0.893 0.809 1.000

Source : own elaboration on sub-file extracted ftatlmEUROSTAT ‘Time-use at different stages of iifel3
European countries in 2003’ Data File. 3-way arnialy&CT-méthode STATIS-DUALE -inter-structure ansity

In Figure 7 it is possible to verify the countr@milar and dissimilar and their deviation from
the mean represented by the compromise matrix duntties similar are Finland and Bel-
gium, United Kingdom and Norway and on the oppositie of the factorial plane under the
mean, Estonia and Slovenia. Further examiningebgrocal position of the six countries we

tion coefficients (R) according to the ‘a posterodings’ chosen for the three-indices matrixtHa appli-
cation the coding of second type (see par.4.2)agtgudistances between correlation coefficients)(RV
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note that Norway, Finland and Belgium are very ngsanilar), more distant from them the
United Kingdom, all four countries over the mear). (&stonia and Slovenia are not very sim-
ilar but under the mean.

Figure7
Simultaneous representation of the 6 time use tables on the plot of thefirst factorial
plane (explaining 93.15 % of thetotal variance)

United Kingdom

Norway

Finland
Belgium

Slovenia

Estonia

Source: own elaboration on sub-file extracted ftotmEUROSTAT.
Three-way analysis: ACT-méthode STATIS-DUALE — m$t¢ructure analysis.
Notes: V is the mean (compromise) matrix and V=€alobse data is standardized

(mean 0 and standard deviation 1)

4.4 The intra-structure analysis: the compromise in dividuals and variables

The compromise or intra-structure analysis hagythed to summarize the six studies. In par-
ticular it analyse the individuals (i.e. 14 categsrof population) and variables (i.e. 12 activi-

ty groups) in view to identify the mean (or compise)-individuals (mean-category of popu-

lation: i.e. men, women in the application) and tfean (or compromise) variables (meanac-
tivities: i.e. mean-time-budget) across the sixastans (countries).

The mean matrix (compromise matrix) representsyimehesis of all matrices and is calculat-
ed in different way according to the a posteriatadcodind. In the intra-structure analysis
the compromise matrix is diagonalized and it issfjae to represent on the principal com-
promise planes (in this application explaining @75% of the total variance) the meanindi-
viduals points and the mean-variables points refeto all the six occasions. In the present
application the meaning of mean-individuals-poirstsenough clear and correspond to the
men and women of the six countries. Similarly toe tnean-variable points they correspond
to the mean time-budget across the 6 countries.

8 In the application (different cases and sameabées) the compromise matrix is obtained by thdasca

product of the correlation matrices and their wegharithmetic mean.
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In the multiway analysis, act-statis-duale methibe, intra-structure (compromise) analysis
when the ‘a posteriori coding’ is that one concegndifferent cases and same variables it is
possible to represent on the compromise factotagthe mean-variable points which are
reported in the Figure 8.

Figure8
The underlying dimensions of the six European countriestime-budgets.
Mean-variable pointson thefirst factorial compromise plan
(explaining 69.75% of total variance).

F2

Study
Socializing

i ———
{ Travel 3 { Sleep

Leisure

F1

Gainful work Other Unspecified

Television

Other media

. ~Fats and
Free time and ‘._personal care
volmteer work = =

R

Housework
and famdly care

Source: own elaboration on sub-file extracted ftbtsmEUROSTAT. Three-way analysis: ACT-méthode STA-
TIS-DUALE - intra-structure analysis.

From Figure 8 it is possible to identify the meamnisture underlying the time budgets of the
six countries. Two underlying dimensions (factarisqracterize the time-budgets structures:

= the first compromise axis characterized by thevdis of gainful work opposed to lei-
sure-watching TV-other media;

= the second compromise axis characterised from thesdwork and family care-
volunteerswork opposed to study and socializing.

Three activities groups are correlated with botesaand could be defined interstructural ac-
tivity groups: sleep, eats and personal care, trave
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But it is now time to return back for the last aighl description of the time-budgets indi-
viduals, 14 categories of population at differeages of life in the six European countries by
the last phase of the multiway analysis.

4.5 The trajectories analysis: comparing analytical ly activities and individ-
uals across the countries

The aim of the trajectories analysis is to haveetaitkd exploration of differences between
the studies comparing the 12 activities of the ategories of population across the 6 coun-
tries in view to identify the role of each varialitethe time use differences, always referring
to an average day of the week. It is possible present the trajectories in many different
ways. In the application because the cases arereliff and the data are macro data (average
durations of categories of population) the analg§ithe trajectories obtained by the statisdua-
le method do not add new important information wiélspect to the analysis above men-
tioned. On the contrary it is possible to obtaimare analytical description of the variables
and individuals by the Multiple Factor Analysis (M. In Figure 9 we report the plot of the
84 individual-point¥’ across the six countries on the first factoriahgl (explaining the 72.39
% of the total variance:

From the Figure 9 it is possible to identify, exdihg the cluster of individual points near the
origin of the axis corresponding to the mean-irdiingl points in the six countries (corre-
sponding to total men and total women in each egyntour clusters of individual-points
each-one including the categories of populatiodiff¢rent stages of life similar with respect
to their time-budget in a weekday:

= Cluster 1: Men and Women Employed, Men and Womendiin Couple with Child 0-6
and 7-17 years old living with parents, for all $ie countries. From Figure 9 it is possi-
ble to see and compare with the other clustersitee(humber of points), the shape and
the dispersion of the individual points of the téus

= Cluster 2: Men and Women 45-64 years old livingauple without children living with
parents in all countries;

= Cluster 3: Men and Women more than 65 years olddiin couple not having children
less than 18 years living with parents in all cowst

= Cluster 4. Men and Women less than 25 years oldhideing children less than 18 years
old living with them in all countries.

Among the multiway analysis the Multiple Factonalysis is suitable to analyse different groupsndi-
viduals on which are observed the same or diffegelantitative or qualitative variables. MFA is b
repeated applications and synthesis of Principah@ment Analysis (for quantitative variables) or It
le Correspondence Analysis (for qualitative vaiall

84= 14 categories of populations at differengstaof life x 6 European countries.

It is to remark that the plot of the variable1mofcircle of correlation) on the first factorialape obtained
with the Multiple Factor Analysis is the same obéal in the compromise Statis-Duale analysis regarte
Figure 8.

10
11
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It is important to remark that cluster 1 and clu§tare correlated with the first axis character-
ized in the compromise analysis (see par. 4.4)heydainful work opposite to leisure and

mass media and that cluster 2 and cluster 4 arelated with the second compromise axis
characterized by the housework and family careselers work opposed to study and social-
izing.

Figure9
Plot of the 84 categories of population at different stages of life across the six countries
on thefirst factorial plane (explaining the 72.39 % of thetotal variance)
The size (number of points), shape and dispersion of the four clusters

Factor 2:32,33%

Chuster 2: Men and
women living in couple
without children living . .
« with parents : Cluster 3: Men and women more than
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Cluster 4: Men and women less

than 25 years old not having
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Source: own elaborations on sub-file extracted ftbenEUROSTAT Multiple Factor Analysis method

5 Concluding remarks

In the above application the multiway data analysis shown to fit well for exploring and
comparing many time use tables simultaneously.hi purpose the application considered
on cross-national comparisons in time-use at diffestages of life in six European countries
has given important results and could be applietitch more countries, cases and variables
as well.

The inter-structure analysis has revealed a geseralarity in the homologous points (time-
budget of the same category of population acrossith countries). Belgium and Finland re-
sulted very similar United Kingdom-Finland and Namgafinland too, Estonia results very
dissimilar with respect to all other countries Ipatrticularly United Kingdom and Norway
and similar to Slovenia. All the countries excegtdhia and Lithuania are located over the
mean line.
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The intra-structure analysis has revealed two na@imensions underlying the time-budget
structure of the 14 categories of population actbessix countries: the first factor related to
the activities of gainful work opposed to leisuratehing TV-other media; the second factor
related to the activities of the housework and fpmare, volunteers work opposed to study
and socializing. Interstructural activities resdlieravel, Sleep and Eats and Personal care.

Finally the trajectories analysis has identify falusters of population with respect to their
time use across all countries: cluster 1) Men arar@h Employed, Men and Women living
in Couple with Child 0-6 and 7-17 years old livimgth parents; cluster 2) Men and Women
45-64 years old living in couple without childremihg with parents; cluster 3) Men and
Women more than 65 years old living in couple retihg children less than 18 years living
with parents; cluster 4) Men and Women less thagezis old Not having children less than
18 years old living with them. The correlationstoé four clusters of individuals with the two
underlying factors (see par. 4.5) characterisirgytitme-budget structure in the six countries
allow us to identify four ways of life, patterns gffending the time use across the six Europe-
an countries in a weekday: a) Cluster 1: Sociaftlgg &amily engaged men and women; b)
Cluster 2: Men and women living in couple withotildren; c) Cluster 3: Old (>65 years
old) living in couple d) Cluster 4: Young men andmen (<25 years old). It is possible to
compute the typical time-budget characterizingghttern of time use of each cluster by the
average time-budget of the cluster cases.

Finally notwithstanding their geographical and otat differences the six European countries
reveal the same large differences in the gendasidivof gainful work and domestic work
and gender differences in the free time available.
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