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ABSTRACT 
 
Considering an individual’s day-to-day variability of activity-travel patterns will provide a 
more complete description of how an individual behaves to adapt the changing constraints 
and resources on different days. Without this day-to-day variability understanding, the 
individual’s behaviour would not be fully grasped and any suggested policy, planning and 
development would not completely achieve their desired objectives. The day-to-day 
behaviour is a subject to an interaction between individual’s needs and time-space 
constraints. The availability of ‘external’ resources (e.g., disposable income, built 
environment accessibility, and access to different travel mode/s) gives more opportunities for 
some individuals to participate in certain activities and/or trips than others. The constraints do 
not only consider budget and time constraints, but also include how an individual associates 
with other individuals and materials, and complies with any given authorities’ rules and 
regulations. The needs-constraints interaction also unveils some endogeneities which may not 
be captured by microeconomic and attitude theories. Failing to understand these interactions 
will underestimate the individual’s complex decision making process for performing certain 
behaviour.  

The constraints are not solely about physical constraints and instrumental factors, such 
as travel mode availability, time and cost. It is also influenced by individual’s non-
instrumental variables, such as motivation, volition and habits. Currently there is a lack of 
knowledge how these non-instrumental variables are interacting and influencing the 
constraints to shape the individual’s travel behaviour. The implementation of certain activity-
travel policy which only focuses in giving more opportunities to an individual within time 
and space resources without considering an individual’s attitude and/or habit may not be well 
accepted and followed by member of public. Moreover, the integration also reveals how an 
individual puts different priority on different potential activities based on the how an 
individual allocates/does not allocate time in engaging certain activities when having strong 
commitment and intention. In addition, including an individual’s health condition in the 
analysis may help in coordinating certain public health related policy with activity-travel 
policy. 

This thesis includes six papers which investigated the factors described above. The first 
three papers investigated how activity participation and built environment variables which 
can represent individuals’ constraints explain the day-to-day variability of individuals’ 
behaviours. Furthermore, the fourth and fifth paper explored the interaction between 
individuals’ time-use and activity participation, subjective characteristics and health factors. 
Lastly, the sixth paper examined how the time-space constraints and health condition explain 
the degree of variability in individuals’ multi-facet and multi-dimensional activity-travel 
patterns using sequential alignment method.   
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SAMMANFATTNING 
 
Genom att ta hänsyn till den dagliga variationen i en individs aktivitets- och resemönster 
erhålls en mer komplett bild av hur denna beter sig för att anpassa sig till ändrade 
begränsningar och resurser under olika dagar. Utan förståelse för denna dagliga variation kan 
inte individens beteende helt förstås och de föreslagna policyåtgärderna, planering eller 
utveckling skulle inte helt uppnå sina önskade mål. Det dagliga beteendet är föremål för en 
interaktion mellan å ena sidan individens behov och å andra sidan begränsningar i tid och 
rum. Tillgång till ”externa” resurser (exempelvis disponibel inkomst eller tillgång till olika 
färdmedel) påverkar möjligheterna för individer att delta i aktiviteter och/eller resor. 
Begränsningarna gäller inte bara monetär budget eller tid, utan inkluderar även exempelvis 
fysisk miljö, regler och förordningar samt hur en individ kan associera med andra individer. 
Växelverkan mellan behov och begränsningar belyser och klargör även endogenitet som inte 
självklart kan fångas av mikroekonomiska och attitydteorier. Att inte ta hänsyn till dessa 
interaktioner kan vara att underskatta individens komplexa beslutfattandeprocess. 
 
Tid- och rumsbegränsningarna handlar uteslutande om fysiska begränsningar och 
instrumentella faktorer, såsom färdmedelstillgänglighet, färdtid och färdkostnad. Individens 
beteende påverkas även av enskilda icke-instrumentella variabler, såsom motivation, vilja och 
vanor. Vi har idag bristande kunskap om hur dessa icke-instrumentella variabler interagerar 
med och påverkar begränsningar för att forma individens resebeteende. Genomförandet av 
viss aktivitets- och resepolicyåtgärder som bara fokuserar på att ge fler möjligheter till en 
individ inom tid- och rumsresurser, utan att också ta hänsyn individens attityder och/eller 
vana, kan försvåra allmänhetens acceptans.  Vidare, genom att inkludera en persons 
hälsotillstånd i analysen kan vi få ökade insikter hur vi kan samordna hälsorelaterade 
policyåtgärder med aktivitets- och resepolicyåtgärder. 
 
Denna avhandling innehåller sex artiklar som undersöker de faktorer som beskrivs ovan. De 
tre första artiklarna undersöker dels hur begränsningarna enligt ovan förklarar den dagliga 
variationen av en individs aktivitetsmönster och aktivitetsrum, dels samspelet mellan en 
aktivitets varaktighet, den erforderliga restiden och aktivitetsrummet.  
 
De fjärde och femte artiklarna undersöker samspelet mellan individens tid- och 
rumsbegränsningar, subjektiva egenskaper och hälsobegränsningar. Slutligen, i den sjätte 
artikeln undersöks med hjälp av en metod för sekventiell gruppering (sequential alignment) 
hur tidsbegränsning, rumsbegränsning och hälsotillståndet förklarar variationen i individers 
mångfacetterade och flerdimensionella aktivitets- och resemönster. 
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1 INTRODUCTION 
 
1.1 Background 
 
Trip-based analysis, based on a cross sectional observation of one representative day, 
especially during a peak hour period, has been the most common, if not the main practice, in 
transport demand analysis in developing countries. However, this approach has been 
criticised for failing to explain and forecast the individuals’ real travel needs and demands 
(Fox, 1995; Flyvberg et al., 2005). Flyvberg et al. (2005), for example, show that more than 9 
out of 10 rail projects were overestimated. Approximately 50% of all road projects showed a 
difference between actual and forecasted demand of more than ±20%. Presumably it is 
because trip-based analysis does not address the linkages between trips and activities, 
temporal constraints on activity scheduling, and interdependencies among activities of 
individuals and among individuals (McNally, 2000). This form of analysis disregards the 
mechanisms that underlie the travellers' decision-making processes, especially with respect to 
individuals’ time-space constraints (Hägerstrand, 1970; Miller, 2005). The conventional 
approach assumes that the individual engages in similar travel and activities every day and, 
therefore, such approach encompasses only inter-personal variability (Senbil and Kitamura, 
2009).  

Individuals’ decisions to participate in activity or travel aim to satisfy their needs and 
desires. Travel is needed when individuals cannot do a particular activity within a particular 
location. Travel is a facilitative activity which individuals engage solely for the purpose of 
reaching a certain location in order to satisfy their specific needs and desires. Therefore, 
participation in a particular activity/trip must also consider both participation in activity at 
different locations and varying travels.  

The interdependencies between activity-travel parameters, activities-travels and among 
activities are assumed to be shaped by interactions between individuals’ constraints 
(capability, coupling, and authority constraints) and needs (Hägerstrand, 1970; Neutens et al., 
2011) in economic, social-cultural and geographical context (Miller, 2007; Dijst et al, 2008). 
The difference in individuals’ personal characteristics and social roles (Hägerstrand, 1970; 
Bird and Fremont, 1991) may shape the individuals’ constraints and needs. The constraints 
do not only consider the budget and time constraints, but also from the manner in which the 
individual interacts with other people and materials, and complies with any given authorities’ 
rules and regulations in multi-hierarchies and multi-dimensional perspectives. The constraints 
also uncover the needs of individual to spend longer time at home which limit individuals’ 
out-of-home activities and travel time spent (Hägerstrand, 1970; Marcheti, 1994). Given that 
the individuals’ needs and constraints are different from day to day, his/her time-space prisms 
and paths are also different from day to day (Schlich and Axhausen, 2003; Miller, 2005; 
Raux et al., 2012; Susilo and Axhausen, 2014; Moiseeva et al., 2014). Understanding how an 
individual adapts him/herself to the changing environmental systems in conjunction with the 
variations of his/her needs and desire on day-to-day shapes how he/she undertakes day-to-day 
activity-travel. The availability of ‘external’ resources (e.g., built environment accessibility, 
access to motorised mode[s], and disposable income) accords more opportunities to certain 
individuals to participate in specified activities and/or trips. Taking cognisance of this reality, 
travellers in a developing country would not only have a different set of constraints (such as 
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six working days, relatively lower income, larger family size, and a praying day on Friday), 
but also fewer external resources (such as lack of infrastructure capacity and poor public 
transport networks), compared to the ones from developed countries. Therefore, the activity-
travel pattern of travellers from a developing country would be different from those of their 
counterpart in a developed country. The needs-constraints interaction also unveils some 
endogeneities which may not be obviously captured by microeconomic and attitude theories. 
This condition makes some proposed policies without considering the endogeneities tend to 
be inapplicable.  

The constraints are not solely of physical constraints and instrumental factors, such as 
travel mode availability, time and cost. Non-instrumental variables, such as motivation, 
volition and habits also come into play. Currently there is a lack of knowledge about how 
these non-instrumental variables interact with and influence the constraints that shape the 
activity-travel behaviour (Lewin, 1936; Weick, 1976; Stokols, 1977; Golledge & Stimpson, 
1997; Dijst et al., 2008; Van Acker, 2011). An individual may wish to engage in a certain set 
of potential behaviours in order to satisfy his/her needs and desires. However, not all 
potential behaviours are able to be engaged due to the constraints. The interaction would 
reveal how individuals adapt their needs to perform in some potential behaviours in respond 
to daily changing situations, thereby optimising their day-to-day activity-travel patterns to 
fulfil his/her needs and desires. Dijst et al. (2008) argued that the variability of individuals’ 
reactions towards their time-space constraints may also influence the variation of their non-
instrumental (e.g. psychological) factors. In addition, such integration would help us to 
understand why having a strong commitment and intention or habit to do certain behaviour 
may or may not influence individuals to allocate time to do the activities. It may reveal how 
individuals categorises a particular behaviour as routine or planned or impulsive behaviours. 

Additionally, any health or emotional problems may also influence individuals’ 
activity-travel behaviour. At the same time, how individuals spend their time engaging in 
different activities and trips may influence their physical, mental and social health. Whereas 
the logic seems very clear, there have not yet been any studies which have detangled the 
correlations between individuals’ health conditions and their time-use and activity 
participation (Hunt et al., 1991; Zhang, 2013; Hunt et al., 2015). Showing how individuals’ 
health condition influences the individuals’ activity and travel participation may be more 
straightforward compared with the other way around. This highlights the importance of 
understanding the complex interdependencies between health condition and time-use and 
activity participations. 

All of discussions above try to analyse an individual’s behaviour in relation with his/her 
personal factors and associations with other people, materials and societies’ rules/norms in 
multi-hierarchies and multi-dimensional perspectives within time-space limitation which try 
to capture the complexity of interaction at the smallest level (Golledge and Stimpson, 1997; 
Marion, 1999; Urry, 2005; Ramalingam et al, 2008). Moreover, the interrelation among 
multi-dimensional perspectives and among constraints reveals some endogeneity problems 
that exist due to complexity of individuals’ decision making process. Those are main 
contribution of this dissertation. Individuals’ behaviours can be seen as individuals’ efforts to 
satisfy their needs and desires in considering the interactions of multi-dimensional systems 
embedded within themselves, under given time and space limitations. Integrating multi-
dimensional perspectives can provide insight on the reasons why an individual performs 
certain activity/trip which may not be adequately captured by one discipline approach. Each 
perspective explains only a part of individuals’ behaviours (Dijst et al., 2009). With 
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considering the complexity perspective, any suggested policy, planning and development 
would be better to achieve their desire objectives and would open possibility to coordinate 
travel, time-use, and health policies accordingly.  

This study aims to answer a number of research questions by investigating complexity 
and variability of individuals’ activity-travel behaviour. Those research questions are:  

1) How do day-to-day activity-participation and trip engagements in a developing 
country shape individuals’ day-to-day activity-travel pattern and activity space and 
in what way is differ from that in a developed country case?  

2) How to mitigate some endogeneities problems which may appear in relation among 
different activity-travel parameters and types of discretionary activities within 
flexible time and activities-activity space indices? How to explain the endogeneities 
which may be caused by the needs-constraints interaction?  

3) How the impact of interaction between individuals’ time-use and activity 
participation, non-instrumental and health factors in participating in a certain 
travel/activity?   

 
 

1.2 Research objectives 
 
Due to research questions above, the research objectives of this study are:  

1. To examine how different day-to-day time-space constraints in a developing country 
case shapes different day-to-day variability of individuals’ activity-travel and activity 
space behaviour from developed country case 

2. To examine the nature of day-to-day variability in activity-travel patterns and activity 
space  

3. To investigate complex interactions and to mitigate endogeneity problems among 
individuals’ activity-travel pattern such as number of trips, percentage of motorised 
mode used, number of trip chains, total travel time and departure time  

4. To understand the difference of a worker/student’s and a non-worker’s activity-travel 
and activity space behaviour due to different time-space constraints 

5. To investigate reciprocal/non-linearity effects among different types of discretionary 
activity time duration and between activity and related travel time spent within 
flexible time frame constrained by mandatory activities  

6. To examine interactions between discretionary activities and activity space indices 
and between activity space indices 

7. To show the impact of interaction among time-use and activity participation, build 
environment, psychological, and health factors on individuals’ activity-travel 
behaviours 

8. To understand the mechanisms of the activity-journey complexity which underlie the 
high/low degree of dissimilarity in individuals’ daily activity-travel patterns  

 
The first data set applied in this study was the SITRAMP 2004. The dataset contains 

individuals’ activity diary data for 3.846 respondents from 1.175 households within the 
Jakarta Metropolitan Area (JMA) for two consecutive weekdays, Thursday and Friday, and 
two consecutive weekends, Saturday and Sunday. The database includes each individual’s 
socio-demographic characteristics such as income, age, gender, access to motorised vehicles, 
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occupation type, household structure, and the presence of dependent children within the 
household. Later in the analysis, additional datasets i.e. environment and land use 
characteristics within the individual’s home zone such as the quality of the road network, 
average road travel speed, number of railway stations, densities of residential and office 
areas, percentages of settlement, and industrial areas are also included.  

Second, as a part of author’s research activity, the author collected a multi-dimensional 
Bandung Metropolitan Area (BMA) dataset which contains household, physical activity and 
lifestyle, individual’s subjective characteristics, time-use and activity diary, and subjective 
well-being data. The survey involved 732 individuals and 191 households from all over BMA 
for 21 consecutive days. The household data section contains household composition, the 
individual’s perception about how far his/her accommodation is from the city centre, public 
and transportation facilities, and built environment variables. The survey design and 
implementation were reported in PAPER IV. As author concern, this was the first survey 
which collected multi-dimensional, comprehensive, activity and time use diary information, 
particularly in developing country case. With this dataset, examining inter- and cross 
disciplinary elements which may influence individuals’ activity/travel behaviour is now 
possible to be conducted.  
 
 
1.3 Organisation of this thesis 
 
The thesis is organised as a collection of papers which contains introduction section, and the 
papers. The rest of this introductory essay tries to set the context for the appended papers and 
draw some conclusions from them. Section 2 describes theoretical background used in this 
study. The first part of theoretical background section discusses time-space prism, thus 
addresses how the theory explains activities behaviour, multi-tasking and spatial behaviour, 
and shapes an individual’s day-to-day variability. The second part discusses the differences 
of time-space constraints and built environment conditions in a developing country case from 
developed country. The last part describes how incorporating an individual’s subjective 
characteristics and health condition are able to provide novel insight in understanding an 
individual’s activity-travel behaviour. Section 3 summarizes the contributions from the 
appended papers, whilst section 4 and 5 concludes the thesis, and illustrates limitation and 
future work, respectively.   
 
 

2 THEORITICAL BACKGROUND 
 

2.1 The time-space prisms 
 

2.1.1 Interaction between individuals’ needs and desires 
 

An individual is a subject of his/her personal identity (such as age, gender, employment type, 
and physical disability) and so as his/her social ones (such as being part of a household, a 
neighbourhood, a company, a citizen, and/or a certain community). The personal and social 
identities illustrate how an individual associates with other individuals and materials, and 
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with rules applied within his/her societies in economic, social-cultural, temporal, and 
geographical context. Therefore, due to personal and social identities, an individual tends to 
have different needs and constraints from other individuals. Moreover, an individual may 
need money to involve in certain activities in association with other individuals and materials 
to fulfil his/her needs and desires. Having motorised mode or buying public transport ticket 
also correspond with the availability of disposable income. The availability/unavailability of 
these external factors may also correlate with having different activity-travel behaviours. 
Each individual is unique and aggregating an individual’s behaviour will oversimplify the 
understanding and will exclude the essential hints from individual’s personal and social roles 
(Hägerstrand, 1970).  

In participating in certain activities and travel, the mechanism hardly disregards the 
engagements in conjunction with time and space. In other words, activities and travels may 
be conducted within a certain time and space as resources which organizing activities and 
travels within a particular activity location must consider time and space’s opportunities or 
barriers. Individuals must do an activity at certain time with the given time duration. Having 
a fixed starting time to do certain activities tends to shape individuals to do other activities 
and to allow individuals to gather all resources to achieve these activities. On the other hand, 
undertaking activities at certain time within time duration may influence an individual to visit 
only certain locations which grant at least minimum conditions of survival (Hägerstrand, 
1970). This explains how the theory put an individual in geographical systems and how 
having different land use configuration and distance between locations would influence 
individuals’ activity-travel behaviour. 

Hägerstrand (1970) identified some constraints which may influence individuals in 
participating in activities and travels (Miller, 2007). Hägerstrand (1970) classified these 
constraints into three categories: capability, coupling, and authority constraints. Capability 
constraints represent limitations of individuals’ ability to perform certain activities. Coupling 
constraints limit individuals’ choices because of the necessity of having to be at the same 
location at the same time to meet other individuals or materials. Authority constraints 
represent time-space limitations that are imposed by authorities who have power over any 
given individual. These constraints interact with individuals’ needs within a time and space 
scale. Considering these interactions will help us to understand the way individuals compose 
their daily activity-travel pattern and adapt to changes, creating the opportunity for 
individuals to influence and change their behaviours accordingly. 

The interaction between needs and constraints due to individuals’ personal and social 
identities in economic, social-cultural, and geographical contexts within time and space 
scales would shape individuals’ prisms and paths. This needs-constraints interaction can 
explain the overt behaviours of an individual and why an individual has different prisms and 
paths from others. Furthermore, having different needs and constraints on different day can 
describe the day-to-day activity-travel behaviours.  

 
2.1.2 The activities behaviour 
 
Participation individuals to certain activities/trips in economic, social-cultural, and 
geographical context within time and space scales highlights that some activities (such as 
working/school and drop-off/pick-up child/children) are temporally and spatially fixed, but 
others activities such as maintenance and leisure tend to have higher degree of negotiation 
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(Meloni et al, 2004; Schwanen et al, 2008). The formers are defined as mandatory which 
must be carried out in order to satisfy his/her basic needs, and difficult to be re-scheduled. 
The latter may be able to be re-scheduled either in time and space dictated by the former. 
Emerging vehicle technologies and infrastructure expansion increases individuals’ mobility 
and flexibility to reach more than one out-of-home activity location and to explore farther 
and/or dispersed activity locations from his/her home location within his/her available time 
budget (Dijst, 1999; Susilo and Kitamura, 2005; Sheller and Urry, 2006). Therefore, 
nowadays, the individual has more opportunities to undertake out-of-home 
discretionary/flexible activities beside his/her mandatory within his/her available travel time 
and/or out-of-home time budget (Zahavi and Talvitie, 1980; Marcheti, 1994).  

It has been argued that every individual has a cave instinct which means an individual 
spends most of his/her time in a cave, actually more than two thirds or 75% of his/her time 
expenditure (Hägerstrand, 1970; Marchetti, 1994). No matter how long he/she spends out-of-
home activities time or travels, he/she will return back to his/her cave with family and 
cultural and status symbols in place (Marchetti, 1994). The home base tends to play a role as 
a fixed base or anchor point, which is the same with the workplace (Dijst, 1999). Since 
individuals’ out-of-home activity and trips are also constrained and negotiated according to 
the individual's in-home activities (Jones, 1983; Kitamura et al., 1996; Yamamoto and 
Kitamura, 1999), it is important to take in-home activities into account to better understand 
the complexity of the individual’s decision making process in a more holistic way.  

 
2.1.3 Multi-tasking activities 
 
Cullen and Godson (1975) emphasized that only 24.7% of activities are temporally fixed 
which individuals cannot do any other activities. It means that there are around 75% of time 
an individual can use to undertake more than one activity within a particular range of time. A 
conventional time-use survey overlooked how an individual undertakes some secondary 
activities hidden within primary activities. An individual may need to maximise his/her well-
being (Baron, 2005) or rating of good experience (Rasouli and Timmermans, 2014) within 
his/her certain life episode by undertaking multi-tasking activities. Accounting multi-tasking 
activities will give a full picture of the individual’s decision making process to participate in 
various activities within limited time-space constraints. It will reveal the individual’s decision 
making process in dealing with tighter time-space constraints and/or maximising his/her well-
being (Kenyon and Lyons, 2007; Sullivan and Gershunny, 2012). Unrecorded multi-tasking 
activities tend to overlook the reality of activity behaviour and how the individual fulfils 
his/her needs and desires without decreasing time-use for other activities.  

Participation in multi-tasking activities, especially passive leisure, is undeniable. It 
seems that including multi-tasking activities will add 46% longer activity duration to the 
waking day (Kenyon and Lyons, 2007). On one hand, multitasking can be defined as a 
burden, increasing stress and decreasing well-being (Kenyon and Lyons, 2007). On the other 
hand, participating in passive leisure could be an effort to maximise individuals’ well-being 
or the enjoyment of the primary activity (Baron, 2005). The recent study confirms, with 
results from developed countries, that an individual who undertakes intermittent and/or less 
active activities tends to multitask (Kenyon and Lyons, 2007; Sullivan and Gershuny, 2012). 
Different groups of individuals with different time-space constraints tend to simultaneously 
undertake passive leisure within different activities. Unrecorded passive leisure in a 
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conventional time-use survey may ignore individuals’ opportunities to reduce his/her stress or 
to increase well-being when doing obligatory activities (such as work/school for a 
worker/student, and in-home discretionary tasks for a non-worker). This result may unveil the 
heterogeneity of having the same duration of work/school time but with different activity-
travel behaviour.  

 
2.1.4 The activity space 
 
In time-space prism, individuals’ participation in certain activity must be located within a 
particular location or space. The unique ability of humans to learn and process information 
from the environment will produce a different reaction from different individuals in order to 
generate their own travel pattern based and/or visited activity locations/space on their own 
physical and socio-psychological needs. Therefore, an individual puts different value on 
every point in space and only visits particular locations which have the highest value for 
him/her within his/her available time budget. Due to having 75% activities at home base 
(Marcheti, 1994) and longer duration for working/school activities, Golledge and Stimpson 
(1997) and Djist (1999) explained that this activity space is strongly related to the 
individual’s fixed base locations or “pegs” or anchors. The dispersion of individuals’ activity 
space is strongly correlated with the activity duration to which he/she spends in his/her 
“peg/s” and the availability of external resources (such as built environment condition, access 
to motorised mode and disposable income). The one who is able to manage their available 
time-use within available resources constrained by time-use within his/her anchors may visit 
more than one activity locations or may have larger size (Dijst, 1999; Schönfelder and 
Axhausen, 2002) or more dispersed or  farther activity locations from his/her home (Susilo 
and Kitamura, 2005).  

Furthermore, the individual activity space itself is a result of interactions between 
individuals’ actual, potential and perceptual action spaces (Dijst, 1999). Horton and Reynolds 
(1971) explained that this activity space is a result of the individual’s limited knowledge of: 
(1) perceived utilities that he/she may benefit from by visiting the activity locations, (2) 
social norms and (3) his/her perception of opportunities within his/her action space. During a 
different day of activities, the variability of the individual’s needs and constraints, and 
environment conditions could lead to the construction of a different activity space, based on 
the perceived action space, and would produce different perceptions according to the 
available resources and knowledge of surroundings (Brown and Moore, 1970). Throughout a 
continuous six-week observation, Schönfelder and Axhausen (2002) found that 70% of all 
individuals’ trips were made to the same two to four locations. But this consistency is not 
equal across all activity engagements. Susilo and Axhausen (2014) found that work, school 
and pick-up activities had more stable patterns but leisure and private business trips had 
higher flexibility in the activity-locations-mode combination than other trips.  

 
2.2 The day-to-day variability in individuals’ activity-travel pattern  

 
2.2.1 The existence of variability 
 
Individuals’ time-space prism and path tends to be different from day-to-day due to different 
day-to-day needs and constraints. Some activities (e.g. eating, sleeping, and commuting) are 
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regularly undertaken almost every day, but others such as shopping, personal business and 
social recreation are not necessarily repeated on a daily basis. Routine obligations, 
commitments between household members, changes in travel environment and the intention 
to spread risks over time and space demonstrate that the individuals’ activity-travel 
engagements are subject to day-to-day variability, repetition, flexibility and/or systemic 
variability (Huff and Hanson, 1986; Axhausen et al., 2002; Susilo, 2005; Bayarma et al., 
2007; Buliung et al., 2008; Chikaraishi et al., 2011; Susilo and Axhausen, 2014). The 
individual has different sets of activities each day and there is no typical or superior day at 
any given time (Susilo and Kitamura, 2005; Kang and Scott, 2010).  

Day-to-day variability provides information how daily changing constraints and 
environment situations shape individuals’ activity-travel behaviours. It reveals how 
individuals’ behaviour neither routine nor variability. This day-to-day variability would give 
better interpretation from influential variables that significantly correlate with individuals’ 
activity-travel behaviour. Without understand this, perhaps, the genuineness of different 
patterns of different individuals would not be fully understood (Bayarma et al, 2007). The 
variability analysis does not only provide more complete picture of individuals’ behaviour 
but also predicts how an individual plans and optimises different activity-travel pattern 
(Susilo and Kitamura, 2005; Kang and Scott, 2010; Chikaraishi et al., 2011; Susilo and 
Axhausen, 2014; Moiseeva et al., 2014). Moreover, the analysis is also used to forecasts the 
variation of individuals’ scheduling set of activities and travel mode on different days (Joh et 
al, 2002). This analysis is important, not only to understand different needs for different 
travellers and the purpose of different trips, but also to promote the most suitable urban and 
transport planning policy based on the  travellers’ characteristics and the impact of suggested 
policy.  
 
2.2.2 Multi-dimensional Sequence Alignment 
 
The each day’s uniqueness of individuals’ activity-travel pattern is not only based on a single 
dimension, but also on the interaction between multiple dimensions, such as the combination 
of travel mode, travel purpose, activity location, and arrival time (Koppelman and Pas, 1985; 
Schlich and Axhausen, 2003; Susilo and Axhausen, 2014). An individual with different daily 
constraints in economic, social-cultural, temporal and geographical perspectives would have 
different day-to-day activities configuration and scheduling. Having different time-space 
constraints can also associates to how an individual have more varied/more predictable 
activity-travel behaviours on different day. In term of the complexity of measurement, an 
individual tends to have more routine activity-travel patterns when the measurement of day-
to-day variability in individuals’ activity-travel includes more than one secondary attribute of 
structural information (Schlich and Axhausen, 2003; Raux et al, 2012), and much more 
routine when accounting for the interval of activities (Koppelman and Pas, 1985; Schlich and 
Axhausen, 2003; Raux et al, 2012). Moreover, individuals may undertake the same activities 
and/or travels/trips with same duration/intervals on different days, but with a different 
sequence, which represents different constraints and opportunities offered by time-space on 
different days (Joh et al, 2002; Raux et al, 2012).  

The sequence alignment model (SAM) tries to gather not only structural information, 
but also sequential information or the multifaceted information embedded within individuals’ 
activity-travel pattern (Burnet and Hanson, 1982; Wilson, 1998; Joh et al, 2002; Moiseeva et 
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al, 2014). The SAM is one method that can account for the richness of information in an 
activity diary, which considers as much as possible the interdependency of multi-dimensional 
information of individuals’ activity-travel pattern, such as activity type, timing, interval, 
sequence, where the activity was performed, which mode was used, whether the individual 
undertakes multiple tasks or a single activity, and with whom the individual carries out the 
activities (Joh et al, 2002). This method is considered sufficient to capture global 
dissimilarity/similarity. However, this method is difficult to break down into several local 
parts (iitb.vlab.co.in, 2011) to analyse how a particular behaviour is conducted with certain 
episodes before and after the behaviour undertaken. To compare more than two different 
sequences, a different algorithm, such as a multiple sequence alignment model needs to be 
examined (iitb.vlab.co.in, 2011).  

 
   

2.3 Investigating activity-travel patterns in developing countries 
 
Different economic, social-cultural, temporal, and geographical context may distinguish 
individuals’ activity-travel time-use pattern in developing and developed countries. Travellers 
in Indonesia as a case in developing country are dominated by travellers from low income 
household. As noted above, disposable income may influence individuals’ opportunities to 
engage in certain activity/travel which may shape individuals’ activity-travel and activity 
space behaviour. For example, a high income household tend to have a maid/maids which 
undertake/s some maintenance activities and trips on their behalf. Moreover, having six 
working/school-days with either a half or full working day on Saturday, and praying day on 
Friday may differently shape activity-travel time-use pattern of individual in most cities in 
Indonesia.  

Moreover, most of the workers are working within a fixed time and location 
commitment. Thus, most of them commute in the morning and return to their home in the late 
afternoon. In-line with the increase of time pressure, these travellers also undertook and chain 
discretionary activities, such as maintenance and leisure, whenever possible. Thus, the time-
space prism concept - widely accepted in western case studies - is assumed to be applicable in 
the JMA context, or in any cities in developing countries with similar patterns. Nevertheless, 
it is also important to note that, in this region, an individual may have a different definition of 
the degree of temporal and spatial fixities on particular activities, compared to western 
society. For example, the working time and location in Indonesia tends to be more fixed than 
in western society, due to the lack of flexible working time policy outside the working places. 

Becker (1965) and Chapin (1974) argued that the physical condition will also influence 
individuals’ trip behaviour. The physical condition in the cities of developing countries also 
offers unique results comparing with in developed country cases. The way space to be 
planned with particular land use pattern and transport network will influence individual’s 
travel behaviour. In Indonesia, the physical condition is characterised by mixed land use, less 
predictable network performances and the unique characteristics of indigenous travel modes, 
which offer a much larger set of choices for travel, or barriers that influence individuals’ 
activity-travel patterns. In many developing countries, cities are mostly mono-centric, 
concentrating all attractions in a centralised area, supported by low-capacity and low-quality 
road transport. This pattern of urban development produces severe congestion in central and 
interchange areas. Very poor public transport services, which are typical in developing 
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countries, do not help in relieving the road congestion. These conditions ensure that travellers 
in developing countries have longer, more complex trips and more trip chains than those in 
developed countries. Unpredictable external variables are also hypothesised to reduce the 
availability of travel resources and in turn limit individuals’ needs and desires and may thus 
result in less day-to-day variability in their activity-travel patterns. Mono-centric 
development produces a longer travel time among commuters who live in the suburbs and 
reduces the time availability of travellers to do other activities. 

 
 

2.4 The psychological factors 
 
An individual may have a collection of potential behaviours which may need to be 
undertaken as a subject of his/her personality factors. However, the ever-changing daily 
situations tend to force an individual not to/to undertake some potential activities (Cullen and 
Godson, 1975). Interaction between needs and constraints would reveal how an individual 
adapts his/her needs to perform in some potential behaviours with daily changing 
circumstances, thus optimise his/her day-to-day activity-travel patterns to fulfil his/her needs 
and desires. Lewin (1936) and Stokols (1977) argued that human behaviour is not only about 
how to answer and to adapt with environmental, but also interact them with perspective of 
human itself to absorb, to respond and might distort it according to the individuals' affective, 
their personal beliefs, the norms they subscribe to, physical constraints and other individuals’ 
constraints.  

Attitude theory provides hints on how the individuals’ own, as well as other people’s 
subjective characteristics, may influence the individuals’ behaviour. However, the theory is 
often seen to infer individuals’ behaviour in the same way across different economic, social-
cultural, temporal, and geographical contexts (Dijst et al., 2008). In terms of social context, a 
recent study hinted that different time-space constraints may put a different set of pressures 
and opportunities on the individual and these would correlate and interact differently with 
different individuals’ subjective characteristics (Dijst et al, 2008; Schwanen and Mokhtarian, 
2010). Dijst et al. (2008) argued that the variability of individuals’ reactions towards his/her 
time-space constraints may also influence the variation of his/her non-instrumental (e.g. 
psychological) factors. This highlights the importance of understanding the interaction 
between the individuals’ non-instrumental variables and his/her time-space constraints, which 
currently is hardly understood.  

The unavailability of this information in the current travel behaviour datasets often 
makes the objective and subjective characteristics of individuals are often separately 
examined in a bid to explain the individual’s daily activity-travel choices (Van Acker et al, 
2011). Obviously, incorporating the individuals’ objective characteristics and the external 
variables of the environment and planned behaviour will provide novel insight in explaining 
the individuals’ decision-making processes and will produce a better forecasting model of the 
individuals’ daily activity-travel participation (Dijst et al, 2008). This will assist us in 
answering various fundamental behavioural questions, such as how individuals’ attitudes, 
subjective norms and perceptions had been formed and how these would directly and/or 
indirectly influence their daily travel behaviours. 
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2.5 Health condition 
 
How an individual perceives opportunities offered by time and space in order to satisfy 
his/her needs and desires may make an individual has different subjective responses 
perceived into different actions such as different degree of share of motorised mode, time-use 
for discretionary activities and also different health condition. The information on 
individuals' day-to-day activity participation, together with their panel travel behaviour data 
will better enable us to design a policy that not only improves transport network conditions, 
but also enhances traveller's physical and mental health. Moreover, recorded multi-tasking 
activities may also give insight how undertaking multi-tasking within a particular activity will 
influence individuals’ health condition. Multi-tasking activities may lead to implementation 
of different travel and health related policy to different individual. Individuals’ behaviour 
plays as a key factor to determine policy interventions in order to improve systems and to 
reach certain objective. 
 
 

3 CONTRIBUTIONS 
 

The contributions of each paper and the involvement of estimation models used are illustrated 
in Figure 1. The first stage of this thesis tried to explore how the complexity of multi-
dimensional dimensions represented by time-space theory explains individuals’ day-to-day 
variability in activity-travel patterns and activity space indices (Paper I and II) and different 
mechanisms of discretionary activities behaviour and activity space on different day (Paper 
III). Paper I and III also tried to tackle any non-linearity relationships among activity-travel 
parameters and discretionary activities behaviours. The second stage examined how to 
integrate more multi-dimensional factors such as incorporating economic, social-cultural, 
geographical, psychological, and health factors in Paper IV. Lastly, Paper V and VI tried to 
combine the inclusion of multi-dimensional factors with taking in day-to-day variability 
effect, as well. 

 
 
3.1 The differences of individuals’ activity-travel pattern in a developing country from 

developed country cases 
 
The differences of individuals’ time-space constraints in a developing country differently 
shape individuals’ activity-travel behaviour compared to developed country. For example, fix 
commitments within six working days make individuals’ activity-travel pattern tends to have 
the highest average variability on Sunday when measure using multi-dimensional sequence 
alignment model (Paper VI) which is different from result in developed country cases (Raux 
et al., 2012). The fact is also in-line with having the longest grocery shopping and out-of-
home social-recreation time on Sunday (Paper V), and the most dispersed activity-space 
(Paper II) (which is different from result in Susilo and Kitamura, 2005 in a developed country 
case). 

Some activity-travel behaviours tend to be different from developed country cases. For 
example, an individual from a high income household which may have a home assistant/s 
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tends to have fewer trips (Paper II) and shorter time-use for grocery shopping (Paper III) than 
one from a low income household. Having congested traffic make travel time reduction 
policy may play a more significant role in giving opportunities of a worker/student to 
participate in in-home discretionary activities (Paper III). Furthermore, for every 1% 
increases in motorised mode use, the number of trip chains of a workers/student increases by 
0.6. This highlights the motorised modes’ ability to accommodate and encourage trip 
chaining behaviour in developing countries (Paper I). 

 
 
 
 
 
 
 
 
 
Including multi-
dimensional 
factors 

         

Including 
reciprocal effect 

         

Including day- 
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Figure 1 The relationships between contributions and model used in each paper 

3.2 The nature of day-to-day activity space behaviour in a developing country 
 
The nature of day-to-day activity-space behaviour was figured out in Paper II. The impact of 
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variability of activity spaces was also investigated. The activity space of other household 
members was found to be the most significant factor influencing individuals’ activity space. 
The built environment variables were found to significantly correlate with the spread of 
individuals’ activity locations comparing with individuals’ day-to-day trip and activity 
engagements. On contrary, the day-to-day individuals’ trip and activity engagement variables 
were found to significantly influence how far the out-of-home activity location’s centroid 
from home location. Against the common belief in developing countries that better traffic 
conditions make an individual travel farther, results show that higher road-network travel 
speed and better road surface conditions within the home zones actually encourage an 
individual to visit a more compact set of activity locations and/or visit fewer activity 
locations. Smoother road surface conditions and higher travel speeds within home zones also 
bring the centroid of activity locations closer to individuals’ home locations. The findings 
would be of relevance to modellers, travel planners and policy makers – although the results 
was not suggesting specific policy recommendations as the findings might require further 
validation and further impacts of the variability of activity spaces to the individual’s activity-
travel decision making processes should be explored. Further, a better integrated model 
structure to tackle the endogeneity issues in interpreting the activity space indices model 
estimation results is also needed. 

 
 

3.3 Interaction among individuals’ activity-travel parameters  
 
The day-to-day need-constraint interaction reveals that the needs and desires to take part in 
certain activity/activities in different location will generate a trip. How an individual 
organizes the possible trips shaped by his/her constraints may influence the travel mode used. 
Moreover, the number of trips and the travel mode used tend to influence individuals’ trip 
chains behaviour in regards of his/her time-space constraints. Lastly individuals’ number of 
trips, travel mode used and trip chains behaviour tends to shape individuals’ total daily travel 
time used and departure time. The interaction used four consecutive days of SITRAMP 2004 
data from the Jakarta Metropolitan Area (JMA), Indonesia, and constraints by the variability 
in their daily constraints, land use and road network conditions. The interaction was 
examined in Paper 1 and the proposed interaction is shown in Figure 2.  

The results show that different groups of travellers have different trade-off 
mechanisms. Workers and students seem to comply well with the model structure analysed in 
this study, whilst non-workers do not due to their flexible time-space constraints comparing 
with their workers-students counterpart (which is in line with Miller, 2007). Promoting 
certain policies, such as reducing the share of motorised mode used and total travel time 
spent, without considering the impact of other activity-travel parameters, would not 
necessarily work well. Moreover, individual, household, build environment and transport 
network characteristics significantly influence the day-to-day variability of workers’ and 
students’ activity-travel parameters, except in the departure time model, which is line with 
theories given in Becker (1965) and Chapin (1974). Some activity-travel parameter 
interactions are similar to those produced by travellers from developed countries such as the 
relation between individuals’ number of trips and the percentage of motorised mode used, 
while others are different such as relation between an increasing of individuals’ motorised 
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mode used and number of trip chains. Household and individual characteristics are the most 
significant variables influencing the interactions between activity-travel parameters.  
 
 

 

 

 

 

 

 

 

Figure 2 The interaction among individuals’ activity-travel parameters 
 

 
3.4 Inter- and intra-personal variability of individuals’ activity-travel and activity space 

behaviour 
 
The contribution was applied in Paper I and II. From paper I, it showed that day-to-day 
regular commuting activities and fixed activity commitments (e.g. work and study) give 
workers and students more stable (and thus more predicable) activity-travel patterns than 
their non-worker counterparts, which is similar to observations in developed countries such 
as Susilo and Kitamura (2005). The trade-off mechanisms also show, in different parameter 
combinations, that workers and students are subject to a tighter schedule on weekdays and 
more flexible activities during weekend days. 
 Tests on day-to-day variability of individual activity space indices indicate that the 
intra-personal variability of the activity space indices are more dominant than inter-personal 
variability and the level of this variability and stability differ between weekdays and the 
weekend. Travellers tend to have a more stable pattern on weekdays and a more varied 
pattern on weekends. Overall, it is found that student activity space indices are the ones 
which are most unstable, whilst the non-workers are the most stable. Fewer daily obligatory 
commitments and fewer in- and out-of-home constraints give the students more flexibility to 
vary their daily locational choices than others, whereas it was the non-workers who were 
found to have the most stable pattern in their choices of day-to-day activity locations. 
 
3.5 Interaction among different types of discretionary activities within flexible time 

frame and how the interaction influences the activity space engagement 
 
Within flexible time frame, it is assumed that an increase in time spent on each type of 
discretionary activity and its trip increases/decreases the available time for others, and vice 
versa (Lu and Pas, 1999; Kang and Scott, 2010). Each type of discretionary activities plays as 
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endogenous variable which reciprocally interact with each other. Furthermore, it is assumed 
that each activity selected, and the travel time spent to reach the locations, directly influences 

individuals’ activity space indices on a given day. The further from home the activity location 

is located (Ih), the less available time there is to make the activity locations more spread out 
across space (Ic), and vice versa (Paper II). To achieve this objective, the 3SLS model and 
the 2004 SITRAMP household travel survey were used in Paper III. The proposed model is 
shown in Figure 2.  
  

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

FIGURE 3.  Interaction among time spent for different types of discretionary activities, its 
related travel time spent and activity space indices 
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 Workers, students and non-workers have different complex mechanisms on how they 
allocate time across different activities and trips. This unique trade-off mechanism gives an 
individual a unique distribution of activity locations and spatial movement patterns. This is 
observed via his/her activity space indices, throughout time and space. For example, the 
estimation result shows that workers’ and students’ time-use allocation, activities 
participation and activity space indices are highly influenced by their engagement in 
mandatory activities. However, this is not the case for non-workers. Furthermore, the 

mandatory travel time variable has a stronger impact on individuals’ discretionary activities 

time-use pattern, than the duration of mandatory activities. This may lead to the argument 
that travel time reduction policies can play a more significant role in shaping workers’ and 
students’ discretionary activity-travel patterns, than flexible working/school hour policies in a 
developing country city like Jakarta. Additionally, in-line with previous findings in 
developed countries, locating grocery shops nearer residential areas in the CBD and suburban 
areas creates more opportunities for workers and students to spend longer time on out-of-
home maintenance activities; with a shorter travel time, especially on Fridays.  
 
 
3.6 On complexity of individuals’ motorised mode used 
 
As previously discussed, an individual’s behaviour, such as the percentage of time they spend 
using a motorised mode of transport, is not only influenced by objective characteristics 
variables, such as activity participation and trip engagements, but also by subjective 
characteristics such as planned behaviour and past behaviour, and an individual health 
condition. Moreover, the objective characteristics variables also influence the individual’s 
motivational and intention states and their past behaviour (Dijst et al., 2008) as well as their 
integrative functions of antecedents.   

Preliminary analyses of the collected data indicate that different beliefs, anticipated 
emotions, support and attachment to motorised modes significantly correlate with different 
groups of occupation, gender, age, activity participation, multi-tasking activities, and physical 
health, but not with different social and mental health which is in-line with result from 
Zhang, 2013. The cluster analysis results have highlighted the importance and the complexity 
of the relationships between individuals’ socio-demographic characteristics, their health 
conditions, personal attachments and social norms concerning the use of motorised vehicles, 
as well as their activity participation and daily time-spent distributions.  
 Further results based on simultaneous equation modelling have demonstrated the 
complex trade-off mechanisms between the individual’s travelling needs, his/her desires and 
health conditions, that shape the individual’s behaviour. The finding highlights the reason 
why implementing car reduction policies in Indonesia, without breaking or changing the 
individual’s habits and influencing his/her attitudes have not been fruitful. The results also 
show that endorsing more physical activities may result in a significant reduction in the 
individual’s motorised mode use, whilst individuals who demonstrate a tendency to use their 
spare time on social activities tend to have better social health conditions. Furthermore, 
undertaking multi-tasking out-of-home discretionary activities positively correlates with 
better physical health. All these highlight the importance of properly understanding and 
analysing the complex mechanisms that underlie these fundamental factors that shape 
individual daily activity-travel patterns in developing countries. This type of 
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multidisciplinary approach is needed to design better transport policies that will not only 
promote better transport conditions, but also a healthier society with a better quality of life. 
 
 
3.7 On complexity and variability of individuals’ day-to-day discretionary activities 
 
Day-to-day variability is also part of multi-dimensional perspective that can be included in 
the analysis. Temporal factor simultaneously examined with other multi-dimensional factors 
such as economic, social, geographical, psychological, and health factors to explain day-to-
day discretionary activities. A Hierarchical Structural Equation Model (SEM) was able to 
capture the complexity of psychological mechanisms in recursive structure in conjunction 
with accounting day-to-day variability effect of individuals’ activity duration and trip 
engagements, and built environment and health factors. Each psychological factor was 
formed from some observable indicators in its measurement model and its antecedent/s in its 
structural form. In this study, factor scores showed the value of psychological factors from its 
observable indicators. Then, the estimated psychological factors tended to account not only 
its antecedents but also the day-to-day variability of time use and activity participation, trip 
engagement, socio-demographic and geographical variables as shown in Figure 3.  

 
 
 
 

 

 

 

 

 

 

 

 

 
Figure 4 Integration between individuals’ economic, social, geographical, temporal, 

psychological and health factors 
 
 
The results show that integration among multi-dimensional factors particularly 

emphasizing on interaction between individuals’ subjective and objective variables reveal 
how an individual adapts his/her needs to perform particular potential behaviours to his/her 
daily constraints. An individual may have a collection set of potential behaviours, but not all 
those potential behaviours materialize into actions due to the influence of his/her daily 
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constraints. The integration may also give insight on how an individual classifies an activity 
as planned or impulsive based on how an individual allocates/does not allocate time in 
engaging in certain activities when having a strong commitment and intention. For example, 
an individual tends to allocate time to undertake grocery shopping when having a strong 
planning to engage in this activity. Moreover, there is a regular trade-off between frequency 
and duration of undertaking this activity. The ones who more often undertake this activity 
tends to need shorter amount of time than the ones who less often do the activity. On the 
other hand, out-of-home social-recreational activity tends to be an impulsive activity which 
may be performed only when an individual having less constraints. If the situation on the 
given day is not feasible for him/her to undertake the out-of-home social recreational activity, 
he/she is more likely to re-schedule the activity. The study results also show that land use 
configuration and perceived accessibilities influence individuals’ discretionary activity 
participation.  
 
 
3.8 Understanding the complexity of individuals’ day-to-day activity-travel patterns 

using a multidimensional sequence alignment model 
  

The differences of time-space constraints would not only influence single facet and 
dimension of individuals’ behaviour, but also multiple facets and dimensions. Including more 
facets such as in-home activities may provide more complete picture how an individual set 
more varied/more predictable activity-travel patterns on different days. Moreover, how the 
way an individual sets configuration and scheduling of activities tends to be influenced by 
his/her constraints in economic, social, temporal, geographical and health context. There is 
lack of knowledge why an individual tends to have more varied/more predictable activity-
travel patterns on different days due to his/her time-space constraints.  
 It was found that the variability between weekends and weekdays is much greater than 
in weekdays-weekdays or weekends-weekends. The variability of other household members’ 
activity-travel patterns is also found to significantly influence individuals’ activity-travel 
patterns. The result also shows that the variability in a worker’s/student’s activity-travel is 
greater when conducting a particular discretionary activity on weekdays. Because of 
performing discretionary activities more often and for longer, non-workers tend to have more 
predictable activity-travel than their worker and student counterparts. Undertaking 
multitasking activities within different activities on weekdays significantly impacted the 
different degrees of variability in individuals’ activity-travel pattern. Having different health 
and built environment characteristics also corresponds with different degrees in the 
predictability of the activity-travel pattern, particularly in the worker/student case.  
 
 

4 CONCLUSSION  
 
This thesis studied the complexity underlying individuals’ day-to-day activity-travels and 
activity space behaviours in Indonesia using two time-use and activity diary datasets in two 
largest metropolitan areas in Indonesia, i.e. Jakarta and Bandung metropolitan areas. The 
need-constraints interaction is believed to be behind the participation of a particular 
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behaviour and the interdependencies between activity-travel parameters, travel-activities, and 
among activities. Moreover, this study also tackled some endogeneity problems that occurred 
in relation between an individual’s activity-travel parameters, among discretionary activities, 
and discretionary activities-activity space indices. It emphasised that promoting certain 
policies, such as reducing the share of motorised modes and total travel time spent, without 
considering the endogeneity problems that occurred between activity-travel parameters, 
would not work well. Without considering the occurrence of reciprocal effect among 
different types of discretionary activities and its related travel time spent, the suggested time-
use policy would not be inapplicable to give more opportunities to individuals in participating 
discretionary activities.  

Time-space prisms also reveal that having more flexible time-space constraints make a 
non-worker tends to have different mechanisms from a worker/student when participating in 
certain travel and activity (Susilo and Kitamura, 2005; Miller, 2007; Paper I, II, III and VI). 
For example, undertaking more trips and longer discretionary trips do not make a non-worker 
takes more percentage of motorised mode, and reduces time allocation to discretionary 
activities as done by a worker/student, respectively (Paper I and III). Furthermore, having 
different time-space constraints in temporal, economic, social-cultural, and geographical 
context make individuals’ activity-travel patterns in a developing country tend to be different 
from developed country (Paper I, II, III, V, VI).  

In terms of incorporating in-home activities, the thesis showed how the amount of time 
that an individual spends on in-home activities influences the participation in out-of-home 
discretionary activities (Paper III, IV, and V) and the activity space indices (Paper III). An 
individual spends around 75% of his/her time-use on in-home activities (Marcheti, 1984) 
which may limit individuals’ out-of-home time and travel time budget, and space exploration.  

Collecting multi-dimensional factors in conjunction with a three week household time-
use and activity diary which is part of this study raises possibilities to integrate multi-
dimensional factors in one integrated model. Incorporating individuals’ psychological 
mechanisms or non-instrumental factors would describe how an individual adapts his/her 
needs to engage in particular behaviours to daily situations (Paper IV and V). Excluding one 
dimension would miss the interconnections and interdependencies among multi-dimension 
factors which shape individuals’ behaviours. Integration between subjective factors and day-
to-day time duration of activity participation also reveals how an individual categorises a 
particular behaviour as routine or planned or impulsive behaviours (Paper IV and V). 
Appearing of habit may classify certain behaviour to have sufficient regularity and frequency 
with highly subjective time fixity or defined as routine (Cullen and Godson, 1975; Cullen, 
1978; Golledge and Stimpson, 1997; Paper IV). On the other hand, significantly having a 
stronger commitment and intentions which strongly correlates with allocating certain time 
duration for undertaking the activity may lead to categorize a particular behaviour as planned 
behaviour (Cullen and Godson, 1975; Cullen, 1978; Golledge and Stimpson, 1997; Paper V). 
Moreover, a particular activity may be defined as an impulsive activity when having a strong 
commitment and intention does not significantly influence an individual to spend certain time 
duration for activities (Cullen and Godson, 1975; Cullen, 1978; Golledge and Stimpson, 
1997; Paper V). In addition, given the individual’s time-space constraints, there is a regular 
trade-off between frequency and duration (Paper V). 

Including multi-tasking activities in the model estimations gives insight particularly in 
explaining individuals’ health condition (Paper IV) and the complexity of individuals’ 
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activity-travel pattern using a multi-dimensional sequence alignment model (Paper VI). 
Undertaking grocery shopping together with socialising (as secondary activity) encourages an 
individual to do more physical activities to which improve his/her physical health (Paper IV). 
Moreover, different groups of individuals with different time-space constraints tend to 
simultaneously undertake passive leisure (or multi-tasking) within different activities (Paper 
VI). 

It is not easy to find a relation between individuals’ health and travel/activity behaviour 
(Zhang, 2013; Hunt et al., 2015). However, a person-centred analysis finds that having a 
more balanced life with a balanced time to do active leisure/travel, leisure activities, sleeping, 
and work/school tends to correlate with having better physical, mental, and social health in 
developed countries (Hunt et al., 2015), using cross-sectional data. The indication also tends 
to appear in the case of developing countries when using a pool-aggregate model (Paper IV). 
There is an indication that a worker/student with better mental health and an individual with 
better social health are the ones who have well-organised or more routine activities between 
weekdays-other weekdays pair and weekends-weekdays (Paper VI), respectively. However, 
the configuration of a day-to-day balanced life which matches with having better health in 
developing countries is still unknown, even in this study.  

 
 

5 LIMITATION AND FUTURE WORKS 
 
Complexity perspective raises some possible future works in investigating individuals’ 
behaviours, for example taking into account dynamic aspect and investigating long term 
changes of individuals’ activity-travel patterns. Recently there have been signs of a ‘peak car’ 
phenomenon (Metz, 2013; Goodwin and Van Dender, 2014), which is also indicated to be 
happened in Indonesia (Belgiawan et al., 2014) in conjunction with improving transit systems 
and implementation in a more compact city (Susilo et al., 2015). Furthermore, the socio-
technology developments with a huge penetration of smart-ICT devices in the last decade 
(Metz, 2013; Goodwin and Van Dender, 2014) may also shape individuals’ discretionary 
activities and multi-tasking behaviour in the developed and developing country case.  

Furthermore, estimation of this study overlooked other household members’ 
activities/travels variability which may shape the estimation of coefficient parameters (βn) of 
individuals’ activity-travel behaviour. This study only took other household members’ 
behaviours as independent variables into account which may influence individuals’ activity-
travel and activity space behaviour. Taking in household members’ variations may reveal 
how an individual adapts him/herself to other household members’ activity-travel behaviours 
to undertake join or share activities.   
 In paper I and V, author used a hierarchical Structural Equation Model (SEM) to 
account day-to-day variability and SEM in one integrated model. However, the model was 
inefficient to estimate the parameters in each equation. It can tackle endogeneity problems, 
but the disturbance terms of each equation are not correlated. It means that the change of 
certain dependent variable in a particular equation does not contemporaneously influence the 
dependent variables of other equations. Future research can also explore an efficient model 
for estimating endogenous or latent variables which simultaneously take in day-to-day and 
other household members’ constraints variability and SEM in one integrated model.  



21 
 
 

There are so many things that have not been done yet in investigating individuals’ 
activity-travel behaviour, particularly in the developing country case. For example, it has not 
been known yet multi-tasking activities behaviour within different primary activities in the 
developing country case. In developed country case, it revealed that a female particularly an 
employed female with dependent children tends to jointly undertake two or more activities 
more often within maintenance, personal care and leisure activities than a male (Sullivan and 
Gershuny, 2012). There is no investigation which explores relation between undertaking 
multi-tasking activities with improving/deteriorating individuals’ health condition and well-
being. In general, it is also worth to figure out the relation between individuals’ health /well-
being, and time-use and activity participation variables particularly with discretionary 
activities behaviour and the relation between individuals’ time-use and activity diary, activity 
space and health condition. The dataset also contains subjective well-being data which have 
not been explored yet in this thesis.  
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