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CHAPTER 7 

 

CONCLUSION 

 

7.1 A summary of the research conducted 

 

This study focused on the impacts of mobile technologies and communication on human 

travel behaviour. Be they mobile phones, laptop computers or PDAs, mobile technologies 

have recently become widespread and are believed to affect several aspects of human 

behaviour. The research focused on the following three research questions: 

 

• What factors affect the acceptance (versus the rejection) of mobile technologies? 

• What is the overall impact of mobile technologies (and of the ubiquitous 

connectivity enabled by them) on human travel behaviour on a daily and local 

basis? 

• How can new data generated from mobile technologies be used to measure human 

travel behaviour on the aggregate scale, beyond the capability of current methods? 

 

The first two questions are closely related: to a certain extent it is indeed plausible that, 

among other reasons, human beings adopt a new technology in order to change their 

behaviour in an expected direction.   

             The questions introduced above had to be further specified, leveraging on the case 

studies chosen to extract empirical data to answer them. Three case studies were selected, 

regarding three different populations of mobile technology users:  

 

• field police officers operating in the district of Groningen North (Netherlands), 

equipped with PDAs by means of which they ubiquitously access information 

while on the move (case study presented in Chapter 4); 

• students at the Massachusetts Institute of Technology (USA), equipped with 

laptops on a campus where wireless Internet connectivity is ubiquitous (case study 

presented in Chapter 5); 
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• all subscribers and roamers using their mobile phones in the Amsterdam 

Metropolitan Region, via the KPN Mobile GSM network (case study presented in 

Chapter 6). 

 

The three case studies differ as concerns the degree to which mobile technologies were 

adopted and institutionalized. In the case of Groningen, observations were carried out 

while the new PDA services were still in an infant phase, i.e. when a restricted group of 

officers were testing them for the first time. At MIT, ubiquitous Wi-Fi connectivity has 

been in place since 2003, giving students and professors time to get equipped with laptops 

and adapt to the new situation (our data were collected in 2006 and 2007). In the case of 

Amsterdam, mobile phones have been used by virtually all residents and visitors for 

several years. This mismatch gave us the chance to stress different aspects of research in 

each case study: in Groningen we prioritized question 1 (factors affecting acceptance), at 

MIT we concentrated on question 2 (behavioural change) and in Amsterdam we focused 

on question 3 (new measurements). 

Another reason for choosing these three case studies is that in all of them human 

travel behaviour unfolds in a geographically bounded environment (i.e. within the 

perimeters of:  the Groningen North district; the MIT campus; the metropolitan region of 

Amsterdam), making them easier to monitor and operationalize for research (as explained 

in Section 3.3). Within and in parallel to the 3 empirical investigations, a literature review 

was conducted, both on technology acceptance and on the interaction between ICT and 

travel behaviour (Chapter 2). This review was then integrated with a synthesis of the 

broader societal and technological trends that led to the advent of mobile technologies 

(Sections 2.4 and 2.6). In Chapter 3, the methodological and operational framework for the 

subsequent empirical investigations is presented and justified. 

 

7.2 Research conclusions 

 

The different empirical research conducted was informative on several levels. The fact of 

having three different populations under observation gave us a better grasp of the multiple 

facets and complexity of the issues researched. Our conclusions are presented here divided 

by research question, starting with: 
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1. What factors affect the acceptance (versus the rejection) of mobile technologies? 

 

The research described in Chapter 4 on police officers suggests that several factors affect 

the acceptance of mobile technologies in professional contexts, including a clear vision of 

an added value vis-à-vis alternative solutions, and the availability of training for an optimal 

usage of the new technology (Boothby et al., 2010; Verdegem and De Marez, 2011).  

We also found that cognitive and situational factors played a major part, in particular 

(Alavi and Joachimsthaler, 1992): 

 

• cognitive styles, i.e. cognitive problems in accessing information via the mobile 

technology; 

• user-situation variables, i.e. elements of the environmental and social contexts of 

usage, such as location, distraction, crowding, interaction, and privacy (see Section 

4.6.1). 

 

All the factors listed suggest that, when a new technology is introduced, more attention 

should be paid to the scientific assessment of current work practices and the cognitive 

capabilities of future users.  

             The following paragraphs are dedicated to the second pillar research question, 

which is: 

 

2. What is the overall impact of mobile technologies (and of the ubiquitous 

connectivity enabled by them) on human travel behaviour on a daily and local 

basis? 

 

The research conducted on university students (Chapter 5) proves a positive correlation 

between laptop use and travel behaviour. When with a laptop, students spend more time on 

the move and carry out more trips; laptop availability emerges as a statistically significant 

predictor of such an increase in the number of trips. Laptops are associated with greater 

flexibility and control over work resources. The same positive correlation between usage 

of mobile technologies and travel was found in the case study on mobile phone usage in 

Amsterdam (see Chapter 6), when considering SMS (as a proxy of mobile 
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communications) and Handovers (as a proxy of trips), but would possibly apply to limited 

segments of users (see Section 6.7).  

The interpretation and generalisation of the conclusions for questions 1 and 2 

should, however, be put into perspective. In particular, it must be taken into account that 

the populations chosen for the first two case studies (i.e. Groningen police officers and 

MIT students) are deeply characterised in their socio-demographics and type of activities 

performed during the day. Their usage of mobile technologies and travel behaviour may be 

more functional and oriented to work objectives when compared to broader and cross-

cutting sections of generic populations. The familiarity of young students with new 

technologies as well as their relatively flexible schedules may also have a role, allowing 

their behaviour to be more affected than average by the availability of a laptop. Such 

specificities have been to a certain extent17 “controlled” by means of the third case study, in 

which the observed population spans different socio-demographic segments. In this 

respect, the positive correlation between mobile communication and travel is a reassuring 

finding, as is the evidence of a distinct spatio-temporal pattern of usage for mobile 

technologies. Both findings suggest that different functional spaces and temporal 

frameworks may lead to different mobile communication needs, emphasising the 

interdependence between mobile technologies and spatial behaviour. 

Finally, the following paragraphs address the third research question, which is: 

 

3. How can new data generated from mobile technologies be used to measure human 

travel behaviour on the aggregate scale, beyond the capability of current methods? 

 

The research conducted in Chapter 6 shows that collective travel behaviour can be 

measured to an unprecedented extent using aggregated and anonymised mobile phone data. 

The very fact that, in some countries, virtually every individual constantly carries a mobile 

phone (except for young children and the elderly people) makes mobile phones the most 

pervasive “sensor” of human activities. Most methods currently used to observe collective 

mobility are based on technological implementations that have inherent limits of scalability 

when it comes to covering large areas (i.e. fixed costs need to be replicated), as in the case 

of sensors deployed on roads to quantify traffic flows, street cameras, manual and 

                                                           
17 A note of caution is warranted on the fact that it is not entirely feasible to compare individual (chapters 4 
and 5) and collective (chapter 6) travel behaviour. 



Conclusions 159 
 

 
 

automated people counting on the ground, or static pictures taken from helicopters, flying 

objects or satellites. 

Analysing the spatio-temporal patterns of mobile phone activities enables 

researchers to quantify collective mobility phenomena on which only anecdotal knowledge 

was previously available. The reconstruction of mobile phone usage patterns for different 

areas (Section 6.5) and the correlation between land use and mobile phone usage (Section 

6.6) proved that spatial and temporal contexts have important implications on the type and 

quantity of mobile phone activities performed. Linking such phenomena to land usage 

offers a new level of understanding of travel behaviour, based on functional spaces 

witnessing different types of social activity at different times.  

The quality of such observations depends on the type of mobile phone data made 

available, however: in our case (see Section 6.2) it was impossible to identify mobile 

phone activities performed by the same person, so there was a risk of overestimating 

collective travel behaviour. In this respect, the optimal dataset would include anonymised 

individual traces of mobile phone activities in space and time, so as to reconstruct 

individual travel behaviour and then combine the data to construct the collective mobility. 

 

7.3 An underpinning explanatory framework: drivers of travel behaviour 

 

The different empirical results from the 3 case studies inspired our reflection on the 

motivational drivers of travel behavioural changes. A different way to discuss our findings 

is to try to make sense of them by means of a theory of individual motivations behind 

travel, addressing the following fundamental question:  

 

• Why do human beings travel? 

 

At a preliminary level, four main drivers of people’s travel behaviour can be singled out: 

 

1. Information: I move because I know (i.e. I go to the event, because I know it is  

there); 

2. Capacity: I move because I can (i.e. I go to the event, because I am able to); 

3. Obligation: I move because I must (i.e. I go to the event, because I must); 

4. Preference: I move because I want to (i.e. I go to the event, because I want to). 
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Linking these drivers to the first question of this research (see Section 1.2), we might ask: 

how do mobile technologies affect our knowledge, capacity, obligation and preference to 

stay in a place or move? In the following table, anecdotal examples are provided on how 

such four primary drivers may unfold at the MIT campus (see Chapter 5): 

 
Table 7.1 Examples of how mobile technologies may interfere with primary drivers of 
travel behaviour, at the MIT campus  
 
Driver 1:  
Information  
 

 
Thanks to laptops ubiquitously connectable to the Wi-Fi network, students 
constantly receive new information about on-campus events they could take 
part in, i.e. where they could go, for example on their way home 
or 

students can constantly inform their peers about possible changes in their 
schedules or commitments, avoiding the need to stay in a given place or 
move to a different one 
 

 
Driver 2:  
Capacity  
 

 
Thanks to laptops ubiquitously connectable to the Wi-Fi network, students 
can carrying out digital work also from libraries, cafes, and even during 
classes, so they could consider staying where they are 
 

 
Driver 3:  
Obligation  
 

 
Thanks to laptops ubiquitously connectable to the Wi-Fi network, students 
are constantly able, if they wish, to renegotiate their commitments with peers 
and professors, so as to avoid having to stay in a given place or move to a 
different one 
   

 
Driver 4: 
Preference  
 

 
Mobile technologies presumably do not interfere with students’ preference 
for staying in one place or moving, even if the new opportunities offered by 
mobile multi-tasking may induce students to prefer mobility over a sedentary 
behaviour  
 

 

Mobile technologies create new reasons and capacities for staying in one place and for 

moving elsewhere, because individuals use them to acquire further knowledge and freedom 

to be involved (or not) in activities that generate movements and stops. From this 

perspective, mobile technologies would interfere with people’s preference for moving or 

not moving, ultimately influencing their travel choices (Fischer, 2000).  

By impacting the above described drivers, ubiquitously connected mobile 

technologies may “activate” or “de-activate” new and old places in the individual’s mind 

maps and spatial action fields (Zumkeller, 2000): not only the spatial distribution of 

activities (and the consequent stops) could be reconfigured, but also the spatial action field 

itself could be modified in form and dimension, with possible repercussions on the overall 

distance travelled. In order to predict the likelihood of a net increase (or decrease) in the 
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number of stops, we need to understand under which conditions stops added would be 

balanced by stops omitted. The following variables are likely to play a part: 

 

• travel behaviour styles18; 

• distance at stake; 

• means of transport;  

• costs of travel. 

 

With respect to the 4 listed variables, we might ask how the research findings of our 

second case study (see Chapter 5) would change in the event of different distances, 

different means of transport, different costs and different travel behaviour styles being 

involved. For example:  

 

• how would our findings differ when scaling up from the pedestrian mobility 

observed at the MIT campus to the daily motorized travel in the Greater Boston 

Area?  

• how would they differ when examining data on weekly business trips, made by air, 

between several locations in the USA?  

• how would things change if, instead of university students, we were to observe 

businessmen who behave and move according to the principle that time is money? 

 

Notwithstanding the situation examined the model presented in this section might be used 

to generate hypotheses. Considering the global scale of the diffusion of mobile 

technologies (especially mobile phones), knowing that mobile technologies and 

communication may create new conditions for individuals to make more or fewer stops 

while on the move have significant implications, to calibrate simulations and traffic 

models, and to weigh the implications of emerging forms of travel behaviour on the 

environment. Indeed, motorized vehicles pollute more when they are switched on after a 

stop or when drivers spend time looking for a parking space (Shoup, 2005). 

                                                           
18 Among others: (1) individual efficiency in travel, measurable from the ratio of back-and-forth trips to 
overall trips; (2) individual tendency to spend a fixed versus a variable amount of daily time travelling  
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7.4 Policy relevance 

 

At an exploratory stage, this research may serve to provide new insight on how travel 

behaviour may change in times when mobile phones are ubiquitously in use all over the 

world and when a growing number of corporations, universities and municipalities are 

promoting new ubiquitous wireless connectivity initiatives.  

Some specific findings from each of the 3 case studies can be used to derive policy 

recommendations. Evidence from the research conducted in Groningen on police officers 

(see Chapter 4) suggests that before the full implementation of a new professional mobile 

information system, a thorough assessment is needed to identify future contexts of usage 

and situational constraints. By means of a bottom-up approach of trial and error by a 

sample of users, mobile applications could then be refined and scaled up to the entire user 

population. In particular, the issues of information overload and information relevance 

should be given further consideration before implementation. Information design should go 

in parallel with the design of the new technological system, by assessing how much and 

how often new information is desirable for different segments of future users. 

Evidence collected at MIT on the behaviour of university students (see Chapter 5) 

may have implications for decisions related to new infrastructure needed for laptop usage 

(for example, electricity outlets in certain places) as well as for the number of computer 

rooms needed at institute level. Subsidies to help the less affluent students acquire a laptop 

may be set in place by the university. On the other hand, laptop usage in lecture rooms may 

have negative implications on the students’ attention span: if empirical findings were to 

confirm negative implications, the university may decide to forbid usage of laptops for 

non-educational tasks.  

Also, data about usage of laptops (see Section 5.4.3) may serve as a proxy for 

building occupancy calculations and used to assess which university buildings are under- 

or over-used. Based on these, the university may decide to relocate different populations of 

occupants in smaller or bigger buildings; or to change its policy on opening hours; or to 

start the construction of new buildings or decide for their dismantlement. Scientific 

observations of students’ spatial behaviour may also serve to plan the university campuses 

of the future, with mixed-use spaces and areas which may not be covered by wireless 

connectivity to promote non-computer activities.  
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The research conducted on the relationship between land use and mobile 

communication (Section 6.6) may have several policy implications on the town-planning 

scale, first of all to predict the impact of different land use choices and policies on 

mobility. Beyond travel and spatial behaviour research, longitudinal and real-time analyses 

of aggregate mobile phone data used as proxy for human presence may also be relevant to 

several fields of practice. In particular: 

 

• emergency management, to monitor crowds; 

• traffic monitoring, to detect congestion and quantify flows; 

• urban planning, to quantify human presence and flows in proximity of publicly-

funded urban developments; 

• public transport planning, to map out the spatial distribution of potential demand; 

• real and commercial estate, to calibrate pricing of estates, based on their exposure 

to human flows; 

• outdoor advertising, to calibrate pricing of advertising spaces, based on their 

exposure to human flows; 

• tourism, to quantify presence and flows of tourists. 

 

Among other factors, the future success of such emerging fields of application depends on 

the capability of devising complex spatial and statistical models to switch from absolute 

numbers of mobile phone activities to absolute numbers of people actually present or in 

movement in a given area under investigation. Section 7.5 is dedicated to the future 

research needed to enhance the quality of the data output on which decisions will be taken. 

 

7.5 Directions for future research 

 

As elaborated in Chapter 2, the issue of the behavioural implications of mobile 

technologies relates to several disciplines: human-computer studies (i.e. mobile use); 

architecture and urban planning (i.e. space occupancy and mobility fluxes); economics and 

organizational science (i.e. the economics of mobile work); sociology (i.e. issues of 

technology and society). At the same time, energy efficiency considerations are 

transversally relevant, for they are linked in different ways to the spatial behaviour of 

mobile users: from the way they contribute to motorized traffic (and thus to carbon 



164 Chapter 7 
 

emissions), to the amount of energy allocated to different functional spaces, to emerging 

residential preferences possibly leading to further urban sprawl. 

Empirical findings from this study are in line with findings from previous research 

(Kwan et al., 2007), in that they point in the direction of a greater complexity in travel 

behaviour, i.e. more trips that are less regular and less predictable. Such a trend justifies 

new research in related fields, such as (The Economist, April 2008):   

 

• emergent trends in trip chaining and patterns (Pisarski, 2006, talks about “daisy-

chain” patterns); 

• repercussions on commercial real estate, assuming that mobile work could 

cannibalize demand for office space; 

• possible residential relocation, with the emergence of residential clusters and 

communities of mobile workers; 

• change in the willingness of individuals to meet other people face to face as 

opposed to by means of technology, especially for business purposes. 

The trend of an increase in the number of trips but a decrease in their regularity squares 

with the very reason why mobile devices were introduced in the first place, i.e. to make 

people “more free to move”. Plausibly, this applies more to individual-oriented advanced 

economies and societies (most notably, the USA), where flexibility in working schedules 

and extended opening hours of services and shops are granted.  

Another consideration has to do with the limit of previous research in the field of 

ICT and travel, to fully distinguish between mobile versus fixed ICTs. Indeed, in terms of 

mobility, fixed ICTs and mobile ICTs are radically different, in the sense that the former 

tie individuals to places (in order to use a desktop computer you need to be in a specific 

place), while the latter “follow” their users wherever they decide to go. In other words, if 

desktop computers attract human beings to desks, laptops make them free to move. In this 

respect, they are likely to have opposite effects on travel behaviour and they need to be 

taken into consideration separately for a better understanding. For instance, when talking 

about virtual mobility (Urry, 2002), it must be considered that this virtual mobility can be 

achieved also while being physically on the move, by means of mobile devices.  In most 

cases, theorists of virtual mobility see it as a substitute for physical mobility.  
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In conclusion, it seems that desktop technologies changed the rules of the game for 

travel (suffice it to think about telecommuting), and mobile technologies changed them 

again. 

 

7.6 Recommendations for further research on the analysis of mobile 

phone data 

 

As described in Chapter 6, quantitative research on human behaviour based on mobile 

phone data is an emerging field, with room for expansion and further ramification. One 

next step will be to further model the relationship between mobile activities and overall 

human presence in space and time, not just the presence of active telecom users. Different 

patterns of mobile phone usage make the challenge highly complex and increase the 

distance of the relationship from linearity. Also, even when sample sizes are unusually big 

(in our case, the KPN Mobile users encompassed more than half of the Dutch population, 

as subscribers, and all foreign visitors roaming into the network), there needs to be some 

form of statistical compensation for those sectors of the population who are not 

represented, i.e. the youngest and oldest people (who may not own a mobile phone) or 

subscribers and roamers using other mobile networks. 

A possible solution to “calibrate” mobile phone data on actual human presence 

could be by determining the most representative sample of KPN Mobile users relative to 

the overall population, then observing mobile activities and spatial behaviour of each 

anonymised individual user over time. Such data would then have to be correlated with 

repeated ground-truth measurements, such as secondary data which already exist (i.e. 

number of tickets sold at a stadium, number of passengers on public transportation) and 

primary data that need to be collected for the purpose (by means, for example, of people-

counting in bounded urban environments). The final goal would be to derive a “mobile 

activities to current population” multiplier for each area for each time of the day, week and 

year. Nevertheless, even if such multipliers were to be available, errors in the estimation 

may still be high, since actual numbers for the current population in a given area change 

second by second (people constantly flow in and out of it, especially during the day). 

Beyond the challenges above depicted, a further complication interfering with the 

full validation of mobile phone data are their often coarse level of granularity, as well as 

the imperfections in the best-serving maps provided by mobile operators. Due to 
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exogenous events such as the construction of new buildings (i.e. which may suddenly 

overshadow a given street or block in such a way that this has to be served by other radio 

cells), in most cases such maps do not perfectly reflect the actual mobile phone coverage. 

Also, new best serving maps are regularly produced by mobile operators, to account for 

supplementary base stations and radio cells installed to serve an area with a high demand, 

and to address issues of capacity and load.  

Notwithstanding the already described difficulties relating to data granularity 

issues, new research on aggregated mobile phone data could be used to validate the 

theoretical framework proposed in section 7.3. To the extent that mobile phones might 

interfere with people’s knowledge, capacity, need and wish to travel, it might be possible 

to propose a set of hypotheses on the kinds of place and land use that might witness an 

increased, or decreased human presence as a result of behavioral changes. We might, for 

example, hypothesize a lower human presence in business areas during working hours, 

paralleled by an increase in residential areas, travel-dedicated land uses (roads, railways, 

airports), and socio-cultural facilities (e.g. libraries and even parks). This might reflect a 

greater capacity and preference of people to use the latter places for work, thanks to 

portable phones and computers. 

Similarly, if future researchers were to gain access to anonymized but 

individualized traces of mobile phone activity in space and time, they could reconstruct 

individual travel patterns over the course of a day. This would enable them to test a 

number of hypotheses on the possible reconfiguration of individual spatial action fields 

(see Section 7.3) and a change in the overall number of stops thanks to mobile phone 

availability. Provided that travelers might use mobile phones to acquire new knowledge on 

the things to do (or not to do), while being able to instantly renegotiate their commitments, 

future spatial investigations on their travel patterns might lead to interesting findings.  

One of the biggest challenges for the proposed investigations will be to separate 

causality from correlation, however: as mobile phone penetration nears 100% in most 

developed countries, finding or building appropriate control groups will become more and 

more difficult. 
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7.7 Web 2.0 applications for activity-travel research 

 

Further research can be conducted to explore how other network applications, e.g. Internet 

social networks, can be used to reconstruct human travel behaviour. Popular online 

messaging and picture repositories/diaries such as Twitter.com and Flickr.com could be 

used as “mobility diaries” by looking at the different physical locations where users 

generate new data.  

In the first place, web 2.0 applications like Twitter could also be used by research 

subjects to self-report their activity-travel behaviour. In practice, this might prove 

problematic, however. Issues of location accuracy might occur when trying to capture 

travel behaviour within indoor spaces: even if more Twitter users use GPS-enabled 

location finding, GPS receivers still do not work within indoor spaces and urban canyons. 

Also, subjects might find it a chore to enter a Twitter feed in each place they visit, or they 

might forget to do so in some cases, possibly raising issues of appropriateness and 

convenience of the new tool. In general, Internet social networks prove very effective at 

letting users self-report what they want, when and where they want; having a researcher 

telling them what to report and when would be a social experiment in itself.  

Using on-line social network repositories for ex-post data collection is certainly 

less problematic (since data spontaneously made available by users are accessed and 

analyzed), but this will remain a source of secondary, instead of primary, data, not 

generated under the researcher’s input and control. Popular social networks with open 

APIs19 like Twitter, Flickr, FourPlace and Facebook Places, are prime examples of rich 

data repositories that social researchers can tap into (Girardin et al, 2008). These web 2.0 

applications could be queried not only to reconstruct quantitative samples of how many 

people attend what kind of places, but also to detect: (1) how subjects are socio-

demographically characterized (drawing from self-disclosed information); (2) what they 

like and dislike about the places they visit; (3) what they do there; (4) what they talk about 

when there, and what content they share with their peers. This qualitative information 

would help researchers disambiguate the findings of numerical telecom data analysis (see 

section 6.8); it would also support any attempt to explain why certain places serve as 

attractors of different human populations at different times, eventually shedding new light 

on the underpinning reasons for human spatial behaviour. 

                                                           
19 Application Programming Interfaces, which allow programmers to access the data repositories collected by 
the on-line social networks 
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Future researchers will nonetheless have to take into account that - unlike mobile 

phone data - web 2.0 content and conversational data are predominantly generated by 

socio-demographically characterized types of subjects, above all by the relatively young 

and by the technology-savvy (Selwyn, 2009). In many cases, the reliability of these 

contents will have to be verified by researchers, with a possible difficulty in distinguishing 

the true content from the false.  

Nonetheless, the number of users of on-line social networks is rapidly increasing 

and differentiating (Lorenzo-Romero et al., 2010), making them a very appealing target for 

social and transportations scientists. Just as new mobile and Internet technologies have 

changed our mobility forever, they also seem to be the best candidates for helping us to 

understand how. 

 


