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Public report describing the MoTiV methodology, dataset, evaluation steps, findings and implications 
of worthwhileness for Cost Benefit Analysis  

D5.1 is associated to the MoTiV Task 5.3 described below.  

Updated description of Task 5.3 “Cost Benefit Analysis” 

Task 5.3 Cost Benefit Analysis (EURECAT): it will develop new metrics related to travel experience 
that can be included into traditional cost-benefit analysis (CBA) for transport projects. These new 
metrics will be compiled as a “Worthwhileness Index” (WI) consisting of a set of values that represent 
changes in travel experience according to different factors (mode, experience, activities undertaken 
while travelling). This index will then be incorporated as part of a new VTT concept to be used in 
traditional CBA methods for transport projects. This task will build upon WP4 where the case studies 
will be developed, and a multimodal set of data will be obtained. 
As a result, a new methodology for estimation of VTT will be released. The main benefit of this 
approach will be: 
1- Gain knowledge on how aspects other than financial cost and time duration of the travel affects 
the calculation of the VTT. The new VTT calculation will incorporate to the model subjective values 
like the perceived worthwhileness of the time spent while travelling, activities undertaken, overall 
feeling etc. 
2- From the transport authority/operator side, the Worthwhileness Index will be integrated into a 
classical CBAs, and a recommended methodology will be released with the aim to support 
operational and strategic decision making. This study will give hints for finding the right balance 
between investments and benefits expected for both transport authorities/operators and users 
towards the deployment of adequate Value Propositions of Mobility. 
This analysis will provide an insight on possible activities and application areas, including social 
innovations and business models, where a shift away from the “speed” paradigm would increase 
perceived VTT. 
EUT will be in charge of developing the Worthwhileness Index and assessing how it can be integrated 
into traditional CBAs. 
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About MoTiV 
The Horizon 2020 project MoTiV (Mobility and Time Value) addresses the emerging perspectives on 
changing Value of Travel Time (VTT). Accordingly, it explores the dynamics of individual preferences, 
behaviours and lifestyles that influence travel and mobility choices. In other words, what does value 
of travel time mean for the end users, in relation to their travel experience? 

The MoTiV project addresses VTT from the perspective of a single individual with a unique combination 
of personality, preferences, needs and expectations, in contrast with the traditional viewpoint of the 
economic dimension (time and cost savings). Its approach aims at achieving a broader and more 
interdisciplinary conceptualisation and understanding of VTT emphasising its “behavioural” 
component. 

The main goal of the MoTiV project is to contribute to advancing research on VTT by introducing a 
conceptual framework for the estimation of VTT at an individual level, based on the value proposition 
of mobility. The conceptual framework will be validated through data collection and evaluation in at 
least 8 EU countries. The mobility and behavioural dataset will be collected using a mobile application 
developed by the project consortium, which will combine and integrate in an innovative way features 
from a multi-modal “journey planner” and an “activity/mobility diary”. With this mobile app, end-users 
will be able to more easily track, understand, and re-evaluate travel decisions to make the most of 
their free time in accordance with personal preferences, lifestyle, interests, and budget. The target is 
to engage in the data collection process a minimum of 4.000 participants actively using the MoTiV app 
for at least two weeks. Besides validating the conceptual framework, the dataset will be made available 
to the scientific community as an Open Dataset to stimulate further research in this area.  

The MoTiV project findings will produce scientific and policy outcomes, as well as potential business 
developments, including the development of new mobility services and the extension of existing 
applications, such as the ones offered by the business partners of the Consortium (i.e. routeRANK 
journey planner1 and the PiggyBaggy2 app for crowdsourced deliveries). 

Partners 

 
 

1  https://www.routerank.com  

2  http://piggybaggy.com  
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Executive summary 
Unlike traditional transport economics claims, the perception of the value of travel time is not only 
influenced by travel time and cost savings, which are currently considered to be the primary 
contributors to the value of travel time. Depending on the situation, other factors such as increased 
comfort or well-being may influence a traveller's perceived value of travel time as much as or more 
than time and cost, therefore considered more valuable. It is the “Time well spent” or the Worthwhile 
travel time WTT”. 

The analysis presented in this report presents the first three steps of the analytical pillar of the project, 
which deals with the analysis of the mobility and behavioural dataset, with the aim to demonstrate 
the suitability of the MoTiV conceptual framework to assess the Value of Travel Time: 

●        multi-criteria clustering, which aims to identify similar behavioural travel patterns, 
●        matching behavioural patterns and value proposition, 
●        cost benefit analysis from the perspective of Value of travel Time. 

With the aim to investigate the previous perspectives, this report covers the following:  

●        behavioural patterns based on a multi-criteria clustering; 
●        the perception of worthwhileness travel time and the influence of activities, both related 

to the Value Proposition of Mobility; 
●        Worthwhileness Index development Model; 
●        CBA applicability and implications. 

Data for the analysis were gathered via the Woorti app, a dedicated mobile application developed in 
the frame of the MoTiV project. The dataset consists of multimodal data gathered in at least 8 different 
European countries, thanks to the contributions of almost 3,400 active users between the months of 
May and December 2019. The sample is considered to be robust and suitable for a comprehensive 
analysis, allowing the research team to gain an understanding of traveller’s reasons for her/his travel 
choices and identify factors influencing behavioural mobility patterns, data  regarding trip 
origin/destination, travel time, travel distance, modes of transport, as well as traveller’s contextual 
assessment of worthwhile travel time, details on the type of value of time (e.g. productivity, 
enjoyment, fitness) and activities carried out during the trip. For the sake of data processing and 
analysis, Python was used for estimating the effects of the introduced variables. 

Results on Behavioural patterns based on a multi-criteria clustering show that users' overestimate 
their preferences for specific mobility modes, that in general yield a lower return in terms of the 
worthwhileness of their trip, and that the matching between preferences and behaviour reveal that 
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the same user ends up being characterised in very different ways following their intentions and their 
actual usage of transport. 

Results on the Value proposition of mobility show that users consider the travel time as worthwhile. 
Worthwhileness reported from all users was around 4 out of 5 and most values were within the range 
of 3-5. It may indicate that they report lower values (1-2) as wasted travel time only when they had a 
bad experience while traveling. 

Analysis performed on mood ratings showed that the average score of mood reported from all users 
was around 4 out of 5 and most values were within the range of 3-5. This indicates that users tend to 
be positive and perhaps only when users had a very bad experience, they rated the mood as lousy. 
Walking and public transport long distance were found as higher mood ratings among transport mode 
categories. In addition, it was found that mood rated for the whole trip has a direct relation with the 
worthwhileness rating at trip leg level. 

Data analysis showed that among the worthwhileness elements, enjoyment presents the highest 
number of reported trips rated with some or high values. On the other hand, Paid work presents the 
lowest number of trips reported in all cases. Gender distributions are quite similar with a slight 
tendency for female users to evaluate more trips with high worthwhileness for Fitness and Personal 
tasks than male. Results showed direct correlation among worthwhileness elements and 
worthwhileness assessment. Worthwhileness assessment was rated higher when users reported 
higher enjoyment, fitness and productivity levels while performing the trip. The only element where 
that trend is not clear is with the paid work productivity which is the less rated element and the one 
with less influence. On the other hand, clearly the element with higher weight is the Enjoyment. It is 
in all cases the element that received the highest ratings. It may indicate that if the trip is enjoyable 
the user considers it worthwhile. It will be key to link the possible activities undertaken while traveling 
and the factors that contribute to the enjoyment of the user. Similar results with slight differences are 
presented when looking at different transport mode categories, purposes or countries. 

Data analysis performed among weekdays and weekend showed that overall, the average 
worthwhileness ratings are higher on weekends as opposed to weekdays. One could argue that on 
weekdays travellers would report low worthwhileness values due to the rush to work and the little 
time available and higher values on weekend when people are more relaxed. At the same time, in both 
cases the evaluations have been considerably high. The distribution of trips for each value of each 
worthwhileness element showed that both enjoyment and fitness increase on weekends compared to 
weekdays. 

Data analysis about the distribution of worthwhileness ratings for the different areas, showed that 
results are very similar with small variations. All areas presented distributions with around 40% of the 
ratings on the highest value of worthwhileness (5) being less than 15% for the lower values (1 and 2). 
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Data analysis based on influence of activities, shown that at aggregate levels users bet on multitasking. 
In addition, it was found that Accompanying someone, thinking and walking are the most popular 
activities while travelling. The results indicate slight differences in the activities performed and the 
reporting of enjoyment, fitness and productivity by gender. Regarding the type of transport mode 
category, the activity of driving (private motorized category) was largely assessed as zero value for 
Fitness, whereas half the responses reported driving as enjoyable to some extent (a little or a lot), 
equal to those who reported zero enjoyment. This contrasts with the act of cycling itself, where the 
majority reported some or a high value of enjoyment (82%) and/or fitness (88%). Drivers however 
were twice as much likely to report their travel as productive than cyclists, perhaps illustrating that 
thinking or making phone calls was more likely to take place when driving than cycling. Main activities 
in Public transport modes are ICT-related activities like Browsing in the internet or Reading Device, 
which in general are largely reported with zero value for fitness and some or high values of enjoyment 
and fitness. Accompanying is the most reported activity on leisure trips while Thinking is first activity 
in work-related trips. 

The development of the worthwhileness index model provides a first tool that can measure a 
worthwhileness metric based on worthwhileness elements. This is essential to measure the impact 
upon VTT and appraisal in practice in various ways. This establishes some grounds for further 
discussion on the impact on evaluation of travel time and possible future studies to develop the 
richness of VTT and the feed into CBA to improve the appraisal of transport projects. 

There are different ways in which the concept of worthwhileness of travel time could feed into CBA 
in a more explicit way than it currently does. There can be opportunities to improve the way we 
appraise transport projects through making the role of worthwhileness clearer and possibly more 
prominent. But there are challenges, such as how to measure and forecast worthwhileness and, 
perhaps more importantly, how to assign a monetary value to changes in it. Since CBA relies on robust 
quantification and monetisation of impacts, there will probably be some scepticism around potential 
advances in this area. Nevertheless, despite the challenges, this is certainly an interesting road to 
explore, and MoTiV has provided a good set of early steps. 
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1. Introduction 
This section presents the context and scope of the report, together with a summary of the structure 
of this deliverable. 

1.1 Context and scope 

This report forms Deliverable 5.1 which is part of Work Package 5 on Evaluation, describing the results 
and implications emerged with the analysis of the MoTiV mobility and behavioural dataset. D5.1 is the 
outcome of Tasks 5.1, 5.2 and 5.3. 

 MoTiV analytical framework is divided into 4 main steps: 

 
This Deliverable 5.1 analyses the three first steps while Step 4 is addressed in Deliverable 5.2. It 
primarily serves the following MoTIV objectives: 

Objectives Sub-objectives 

O1. To broaden the definition and 
assessment of VTT beyond the “time 
savings” consideration, based on a 
multidimensional time “value 
proposition” for the user. 

SO1.1 

Refinement of the conceptual framework for the 
definition and estimation of VTT, building upon the 
emerging shift from a purely “economic” view of VTT to a 
broader and more interdisciplinary conceptualisation of 
VTT emphasising its “behavioural” component. 

Step 1 - multi-criteria clustering for behavioural analysis: a multi-criteria clustering of 
the raw data has been applied to detect similar behavioural patterns. The project has tested 
several clustering techniques. The result of this study is a characterization of user 
expectation with respect to the value of travel time, before travel time. The analysis was 
developed along several dimensions, including different transport modes. 

Step 2 - matching behavioural patterns and value proposition: this step has matched 
the behavioural patterns resulting from evaluation Step 1 on the value proposition described 
by the individual mobility survey (i.e. the initial one compiled once the user profile is created, 
and the subsequent updates). This has produced knowledge about the underlying flavours 
and preferences and indicate to what extent mobility preferences and expectations reflect 
in the actual mobility behaviour.  

Step 3 - cost-benefit analysis: the information from previous step has been analysed 
from the perspective of Value of Travel Time (VTT). This analysis consists of determining and 
quantifying the impact “travel experience” has on the VTT values in the context of a cost-
benefit analysis (CBA).  

Step 4 - influence factors analysis: The dataset includes a set of self-reported variables 
that describe role and relevance of various influence factors such as ICT tools and transport 
services and infrastructure in mobility choices and activities carried out while on the move. 
The analysis has investigated the qualitative input from users by means of methods and 
techniques already used to understand transport and mobility behaviours.  
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O4. To elaborate specific actions and 
recommendations for mobility policy 
makers and solution developers that 
shape the value propositions of 
travel time. 

SO4.3 

Cost-benefit analysis relevant to the European context on 
the role and importance of influence factors in VTT, and 
how relevant actors should modify these value 
propositions to foster sustainable mobility behaviour. 
This analysis, including knowledge gathered with the 
investigation of smartphone-based crowdsourced micro-
tasks (see SO3.3), is expected to provide an insight on 
possible activities and application areas, including social 
innovations and business models, where a shift away 
from the “speed” paradigm would increase perceived 
VTT. 

Table 1: Overview of relevant MoTiV’s objectives. 

Finally, the results presented in this report are connected to Expected Impact 3 of the MoTiV project, 
contributing to the generation of new knowledge in a new and under-research area of VTT which may 
lead in the short-medium term to different cost-benefit assessment methods of transport projects and 
a greater knowledge of users’ attitudes and choices with respect to travel time. It is also connected to 
Expected Impact 1, which aims to provide a comprehensive analysis of the dynamics of new 
preferences, behaviours and lifestyles to identify the main factors that influence them.  

1.2 Structure of the document 
Section 1 of this report presents the context and scope of Deliverable 5.1 together with a summary of 

its structure. Section 2 introduces the concept of Worthwhileness in MoTiV presenting the concept of 
Value Proposition of Mobility and the Conceptual framework of the project. Section 3 presents a 

literature review about the worthwhileness in the context of Value of Travel Time which are closely 

linked to each other and it is essential to present those interrelations. Section 4 identifies where and 
how the key concepts of MoTiV research may currently be found within CBA theory and practice. The 

scope of the analysis within this deliverable is included in Section 5 together with the presentation of 
all hypotheses and questions that will be examined. Section 6 includes an overview of the data analysis 

methodology and tools used as well as some key characteristics of the collected data which help to 

shape the profile of the different users engaged in the MoTiV data collection campaigns. The results 
of the data analysis are included in Section 7 for the behavioural patterns and VPM analysis. Section 8 

presents the theoretical and empirical formulation of the worthwhileness index model with a 
discussion of pros and cons. Finally, a discussion on the approach, potential future work and next steps 
are presented in Section 9. 
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2. Worthwhileness in MoTiV 
2.1 Concept of value proposition of mobility (VPM)  

MoTiV Deliverable 2.2 “Mobility and Travel Time Report” (www.motivproject.eu)  introduced the 
definition of Value Proposition of Mobility (VPM), a core concept of the MoTiV project. VPM is defined 
as the subjective value embedded in individual mobility choices. It implies a range of expectations 
associated with mobility behaviour, which are tightly connected to motivational as well as attitudinal 
factors. 

The new concept of VPM aims to go beyond the classic research scope on value of travel time (VTT) 
which has, for a long time, focused on time and cost savings (“Time well saved”) related to specific 
types of trip purposes, namely work-related and leisure trips (“Trip Purpose”). MoTiV VPM concept 
considers other relevant areas. It widens the concept of “Trip Purpose” to the idea of “Location 
activities” that justify and influence mobility choices. Most importantly it adds a new dimension of 
“Time well spent” which focuses on the travel experience.  

 

 

Figure 1: Representation of MoTIV Value Proposition of Mobility (VPM) as an evolution of the concept of Value of Travel Time 
Savings (VTTS). Source: MoTiV D2.2 

The “Time well spent” dimension considers that certain factors such as increased comfort, well-being 
or the possibility to do certain activities while travelling can influence a traveller’s choice. In some 
instances, these experiences or activities are as much as or more important than time and cost saved, 
therefore considered more valuable. Within this new dimension, MoTiV defines the concept of 
worthwhileness (or worthwhile travel time), a concept already used by Wardman & Lyons (2016). In 
MoTIV, the concept of worthwhileness is not limited by defining time as productive or unproductive 
time, because it is not necessarily related to its evaluation in terms of cost. Worthwhile time is 
independent of what can or cannot be monetised.  
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2.2 Conceptual framework   

The MoTiV project further expands the concept of “time well spent” or “worthwhile travel time” 
(WTT). This is based on three main building blocks (see Figure 2): 

Block 1 expresses the perceived worthwhileness level experienced by a traveller according to three 
main types of value: enjoyment, productivity and/or fitness.  

● Enjoyment: is related to how travel can be used for fun or relaxing activities. In the Woorti 
app, this concept is explained as «Relaxing or having fun: taking time to listen to music, rest; 
engaging in social media; observing the surroundings»; 

● Fitness: measures how much the user values the fact that when traveling she/he can exercise. 
In the app, this concept is explained as «When you walk, cycle, or even run on your travels, 
you are getting exercise and keeping in shape»; 

● Productivity: it captures how much the user values the possibility of using travel time to 
complete some tasks, either personal (unpaid work) or work-related (paid work). In the Woorti 
app this is explained as: «Using travel time to get things done, not only for work or study, but 
also personal things like managing home or family stuff». 

In Woorti, users are asked to rate their perception of worthwhileness twice, firstly as an overall 
valuation “Was your travel time wasted or worthwhile?” (the answer must be provided choosing 
between 1 and 5 stars, values 1 to 5) and then according to worthwhileness elements described above 
“What value did you take from your time on this part of the trip?” (the answer must be provided 
choosing between none, some or high, values 0, 1 and 2).  

Block 2 focuses on travel activities. It expresses that perceived value is largely dependent on the travel 
activities that the traveller is able to engage with while travelling. These activities can be ‘on-the-move’ 
activities unrelated to the trip itself, or the trip as an activity in its own right. Table 13 in Section 7.1 
presents the available activities in the Woorti app. 

Block 3 are experience factors. These can refer to the travel conditions related to the transport supply 
itself, or other external factors such as the weather. Experience factors also depend on the equipment 
the traveller decides to bring along, which influences the ability to engage in some activities. Table 14 
in Section 7.1 provides an overview of the experience factors available in the Woorti app.  

In addition to these three building blocks, there are explanatory variables, which typically consist of 
the traveller’s personal characteristics and attitude, the door-to-door trip characteristics, as well as 
spatial and temporal circumstances. 



www. 
motivproject.eu 
 
 

 
 

 
20 

 

 

Figure 2: MoTiV conceptual framework deconstructing worthwhile vs wasted time. 
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3. Worthwhileness in the wider context of 
Value of Travel Time (VTT) 

The data gathered through the Woorti App on the worthwhileness elements (Fitness, Enjoyment, 
Productivity), transport modes, purposes, and the experience factors and activities undertaken while 
travelling are meant to provide a ‘measure of worthwhileness’, as a new metric for the value of travel 
time for each trip. 

This new metric has a direct link to the concept of value of travel time (VTT). Therefore, it is essential 
to relate this new ‘measure of worthwhileness’ to it. Two main concepts need to be addressed: the 
value of travel time (savings) and the value of time (spent while travelling). 

This Section contains an assessment of how the proposed WI and its sub-components may fit into 
and/or impact current VTT calculations. In simple terms, it presents and discusses several ways in 
which WI research can be connected to VTT, a central concept in current transport appraisal guidelines 
worldwide. 

The “value of travel time savings” (VTT, VTTS or VoT) 

The paper by DeSerpa (1972) is often referred to as the seminal work on VTT, and it is his theoretical 
and conceptual formulation which defines the VTT concept and has underpinned much of the 
development of the literature in the topic as well as the use of this concept in cost-benefit analysis. 
From DeSerpa (1972), the VTT is defined as the value of transferring time from travelling into another 
activity, where that other activity can be absolutely anything else, including more travel (see e.g. 
Mackie et al., 2018). Thus, the VTT is, technically, the value of travel time savings or, more generally, 
the value of travel time changes – since travel time can decrease but also increase (see e.g. Ojeda-
Cabral et al., 2016).  In the literature, it is common to see different terms – i.e. VTT, VTTS (S for savings) 
or VoT (value of time) used to refer to this same concept. This terminology issue was noted in the last 
national value of time study in the UK, with a decision made to use VTT (Batley et al., 2019). It is not 
surprising that the terminology creates some confusion, but the key point is that the so-called values 
of time in the literature are always, technically, the value of travel time savings. 

The “value of time while travelling”: useful or worthwhile travel time 

The most immediate connection between worthwhileness of travel time (WoTT) and VTT that can be 

established looking at existing literature is through the concept of productive travel time. However, 
that is limited to the context of business travel and to the use of time for paid work. 

The WI can potentially support the development of a body of literature around the concept of ‘useful 

travel time’ or ‘worthwhile travel time’. Such concept is broader than the usual ‘productive travel time’ 
which has received much attention both in academia and industry alike, e.g. throughout appraisal 

guidelines. 
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DeSerpa’s theoretical formulation contains and distinguishes between the value of travel time savings 
and another concept: the value of time while travelling. This, as opposed to VTTS, is meant to represent 
the actual ‘value’ of the time spent while travelling. This is more closely aligned to the notion of 
“worthwhileness” of travel time conveyed by MoTiV. As already discussed in DeSerpa’s work, 
estimating this concept of value is much more complicated. More importantly, it is a completely 
different concept – even if the existing terminology does not suggest it. In a sense, MoTiV tries to 
estimate this second concept, i.e. “the value of time while travelling”, but redefining it as 
“worthwhileness of travel time” (WoTT).  

The most relevant piece of work in the literature is the paper by Wardman and Lyons (2016) on “The 
digital revolution and worthwhile use of travel time: implications for appraisal and forecasting”. This 
paper provides a simple definition of the concepts discussed and their relationship in their equation 4 
(p.513). The value of time savings in activity i (VTSi) is defined as: 

VTSi=RVT−MVTi      (1) 

RVT is the resource value of time, defined as the benefit of an increase in the total time budget if such 
was possible, and MVTi is the marginal valuation of time spent in activity i. The marginal valuation of 
time spent travelling (MVTi) not only includes comfort related issues, but it also has the potential to 
be strongly influenced by being able to undertake worthwhile activities whilst travelling to alleviate 
boredom, to gain positive utility from travel time or to be able to beneficially transfer activities over 
time. Thus, MVTi is the direct concern of MoTiV. 

It is considered that MVTi concept is closely linked to the idea of worthwhileness. Wardman and Lyons 
(2016) in some way join up the knowledge from two strands of literature, namely VTT, on one hand 
and ‘use of time’ (including work on productivity of travel time, the positive utility of travel, etc.) on 
the other hand. In doing so, they provide a good picture of the state of the art and history of the 
concept of ‘worthwhileness of travel time’ precisely within the context of application that is relevant 
for MoTiV: VTT and appraisal.  Nevertheless, the paper highlights multiple gaps - e.g. worthwhileness 
of travel time in trips other than business, empirical evidence on indicators and on impacts on VTT etc. 
It also recognises significant challenges in ‘measuring time use and productivity with sufficient 
accuracy and over time to credibly account for how travel time factors into the economic outcomes 
from social and working practices in the knowledge economy’.  

Therefore, the overall idea of investigating the “worthwhileness” of travel time is appropriate. This is 
a topic that is under-researched within the vast literature around the well-known concept of ‘value of 
travel time’, central in transport economics and, in particular, transport appraisal and cost-benefit 
analysis (Mackie et al., 2014). Advancing research on this area is likely to have profound implications 
on valuation of travel time studies and the practice of appraisal. 
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The Hensher Equation (HE) approach  

Another connection to the ‘measure of worthwhileness’ is the resemblance to the concepts of ‘p*’ and 
‘q’ from the Hensher equation. The WI can build on such an approach in the broader context of ‘any 
travel’, not just business travel.  

The principles of the Hensher Equation were originally conceived by Hensher (1977), and subsequently 
translated into a mathematical expression by Fowkes et al. (1986). In the so-called Hensher Equation 
(HE) approach, the idea of productive travel time is behind a well-known approach for estimating the 

Value of Business Travel Time Savings (VBTTS). To date, it keeps receiving substantive attention 
perhaps due to its intuitive power and the potential it brings to the analysis of business travel. 

However, empirical estimation through this approach remains challenging due to the difficulties in 

obtaining robust evidence around its core parameters (Batley, 2015).  

The HE aims to calculate the value of time savings combining the value derived for both the employer 

(see term [.] in the following equation) and the employee (see term {.} in the following equation). The 
HE, in its most general formulation, is itself a definition of the VBTTS described as follows: 

𝑉𝐵𝑇𝑇𝑆 = [(1 − 𝑟 − 𝑝𝑞)𝑀𝑃𝐿 + 𝑀𝑃𝐹] + {(1 − 𝑟)𝑉𝑊 + 𝑟𝑉𝐿}    (2) 

Where: 

● p is the % of travel time saved that would have been productive travel time 
● r is the % of travel time saved that would have been leisure travel time 

● q is the relative productivity of work time whilst travelling compared to work time at 
the office 

● MPL is the marginal product of labour (often assumed to be equal to the wage plus 

overhead costs) 
● MPF is the extra output that can be produced thanks to reduced travel fatigue 

● VW is the value of employment time (at the workplace) relative to employment time 
during the course of travel (to the employee) 

● VL is the value of leisure time relative to travel time (to the employee) 

As mentioned by Cornet et al. (2019), Wardman and Lyons (2016) reviewed studies that attempted to 
collect data on the Hensher formula’s two main factors, q and p. The q factor is the relative productivity 

of work done while travelling compared with the office environment, p is the average amount of time 
spent working while traveling, and p* (an often-used alternative to p) is the proportion of work done 

while travelling. It was found that some transport modes are more likely to have higher p* factors: 

empirical data showed that train obtained the highest values on the likelihood of productiveness, 
followed by air travel, and last bus and car. However, from a traveller perspective, productivity is not 

the only dimension that can be associated with worthwhile travel time. MoTiV attempts to generate 
other measures of value relation to travelling such as the concepts of enjoyment, fitness and personal 

tasks. 
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What does the Hensher equation approach say for personal travel? 

The suggestion of moving towards a more general ‘worthwhile travel time’ concept could, in principle, 
lead to the idea of deriving a similar Hensher-equation-type approach for the Value of Travel Time 
Savings (VTTS) for the case of personal travel (e.g. leisure and commuting). Thus, the first step would 

be to explore what the HE contains around leisure travel, namely the second part of the equation. 

The perspective of the employer is contained only within the first term [.] in eq (2), where the VBTTS 

is primarily a function of the productivity of travel time. Critically, for the approach to have economic 
sense, it also considers the counterfactual, which in this case is the productivity of time in the usual 

workplace (the role of a counterfactual is key in the theory of VTT and appraisal, and thus something 

to be kept in mind when aiming to articulate links between WI and VTT). 

From the perspective of the employee (which is of more interest in the context of MoTiV), the VBTTS 

is a function of three parameters only: r, VW and VL. Basically, the equation holds that the value of the 
time saving (VBTTS) to the employee varies between two extreme cases: 

● r = 0 (no saved time is dedicated to leisure; assuming all saved travel time is directed to work): 

VBTTS = VW. In this case, it is worth noting that some have argue that VW = 0 (Fowkes et al., 
1986; Wardman and Lyons, 2016), which means that people are indifferent between travelling 

in the course of employment and working at the normal working place (since VW is defined as 
the value, to the employee, of employment time at the workplace relative to employment time 
during the course of travel). Thus, when that assumption holds and when all time saved is 

dedicated to work anyway, then the saving adds no value to the employee (VBTTS = VW = 0). 
However, VW will not always be zero. 

● r = 1 (all saved time goes to leisure time): VBTTS = VL. In this case, the value of time saved 
would be equal to the relative value of leisure time (not travelling) compared to the time spent 

in the course of travel. Here it is expected that an individual prefers to spend time on leisure 

rather than travelling, and thus VBTTS would be positive to the employee. 

WTT research to move from productive to worthwhile travel time (and for all trips) 

Building such an approach in the broader context of ‘any travel’, to consider any useful or worthwhile 

travel time, is not straightforward. However, even a simple attempt could serve to illustrate the idea 
behind WI and to position it within the VTT literature in a clear way. Besides, it can help to develop the 

WI itself and provide insights for VTT and transport appraisals, a start in which is attempted below. It 
is important to note that the terms used may not necessarily be the full WI (i.e. the index), but some 

of its sub-components. 

Thinking about the general concept of the Value of Travel Time Savings (VTTS) for personal travel, one 
could start by defining the key concepts of a broader equation: 

● w as the % of saved time that would have been worthwhile, or 
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● w* as the % of travel time that is worthwhile (just like with ‘p’ and ‘p*’ above, w* is more likely 

to be obtained in empirical studies) 
● qw as a generalisation of the q term in the original HE: qw is the relative worthwhileness of time 

while travelling relative to time at the origin or destination.  

The italics used for the origin or destination is meant to highlight that this is not an exact 

correspondence to the original ‘q’ term in HE, which has the clear counterfactual of the usual 
workplace. So far, this is just the most suitable candidate considered for the purpose of WI calculations, 
but there might be others and it is worth reflecting upon this.  

In a way, in the context of productive travel time, traveling to the usual workplace is the clear 

counterfactual example, but it implicitly assumes that when the time is saved and the individual arrives 
earlier at the destination, it arrives at the office. In other words, when considering travel time as 

productive in the context of time savings - i.e. a shorter trip - the productivity during the trips is 
compared to the productivity at the workplace: by saving travel time the individual will be productive 

because they will arrive earlier at the workplace. In this setting, travel time and time at the office are 
counterfactual, because the first implies that the second is not happening and vice versa. 

Each worthwhileness element of the trip – expressed in terms of Enjoyment, Fitness, and Productivity 

– is tied to the destination of the trip, or rather to the trip purpose. Thus, the destination seems to be 
the most natural generic version of the ‘workplace’ counterfactual if the approach was to be 

generalised for leisure travel. On the other hand, for the outwards leg of a commute trip, the 
destination can also be the workplace – there however, it can be argued that the counterfactual could 

be the trip origin and not the destination, e.g. individuals’ residence, as any time saved on a commute 

journey would likely be spent at home. Overall, time saved would be spent for leisure at either origin 
or destination. 

In the simplest case – and noting this is only for illustrative purposes and not to replace leisure VTT 

calculations necessarily at this stage –, for personal travel it could be assumed that all time saved will 
be used for leisure. The equivalent formulation of the HE approach for personal travel can be expressed 

as follows: 

VTTS = (1 – wqw) VL     (3) 

 

 

This formulation of VTTS considers worthwhileness of time explicitly and would imply that the VTTS 

oscillate between the following extremes: 

● wqw = 0 

o w = 0 (none of saved time would have been worthwhile while travelling), or  
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o qw = 0 (the worthwhileness of time spent while travelling relative to the 

worthwhileness of time at origin/destination is 0 – note however that this is more 
likely to be non-zero if w > 0, even if it could be close to zero in cases of poor ‘relative 

worthwhileness’);  

o in this case the VTTS would be maximum and equal to the value of leisure (VL) of the 

individual. 

● wqw = 1  

o w = 1 (all of saved time would have been worthwhile while travelling), and qw = 1 (the 

worthwhileness of time spent while travelling relative to the worthwhileness of time 

at destination is exactly the same);  

o in this case the VTTS would be minimum and equal to zero under this formulation. 

The main reflection for practical work should be around ‘what is wqw and how do we measure it  in 
practice. One possibility is to investigate whether WI can serve as an indicator here, at least as a proxy.  

In most cases, we would expect the VTTS to be somewhere between zero and the value of time spent 
in leisure. Of course, VL is a broad concept that varies significantly with different activities and 
conditions; however, that also applies to the value of working time (VW) that forms the basis of the 

traditional Hensher equation. The issue is that VL does not have an objective proxy like the VW has: 
the wage rate. But we should say this is only a practical challenge if one is interested in deriving VTT 

empirically in this way. However, as mentioned upfront, this exercise should be seen more at the 
conceptual or illustrative level, aiming to shed light around the importance of worthwhileness of time 

in the context of VTT and appraisal.  

To finalise this subsection, it is worth commenting on why the VTT literature has shown no interest yet 
in estimating a HE-type approach for personal travel. The reason is that it is assumed that there is no 

clear theoretical relationship between VTT and any ‘objective’ metric of value such as wage in the case 

of business travel. Thus, VTT in the context of personal travel is assumed to be entirely subjective and 
therefore the best approach for measuring it is through understanding individuals’ private willingness 

to pay for time savings (e.g. via stated choice experiments). There are broader research questions (e.g. 
how travellers perceive travel time; those which MoTiV is concerned with), for which understanding 

the link between VTT and use of time is essential, primarily in the broader context of understanding 
the role of worthwhileness of travel time for Transport planning appraisals. 

  



www. 
motivproject.eu 
 
 

 
 

 
27 

 

4. Worthwhileness in the wider context of 
CBA (Cost-benefit analysis) 

This section identifies where and how the key concepts of MoTiV research may currently be found 

within CBA theory and practice. 

4.1 CBA underlying theory 

As presented in Section 3, the connection of ‘Worthwhileness of travel time’ to the theoretical 

underpinnings of CBA can be found in the concept of the Value of Travel Time Savings (known as VTT 

or VTTS). Worthwhileness of travel time, understood as the ‘value of time spent while travelling’, is 
part of the VTT. It features in the theoretical definition of the VTT for any mode ‘m’ (VTTm), as provided 

in equation 4 – see MVA et al., (1987), Wardman and Lyons (2016) and Wardman et al (2019): 

VTTm =RVT−MVTm     (4) 

Where, 

● RVT is the “resource value of time” (this is the benefit of increasing a person’s time 
budget) 

● MVTm is the “marginal value of time spent while travelling by mode m” 

The MVTm component represents the worthwhileness of an additional unit of time spent travelling by 

mode m. This would vary by mode depending on many factors, the most typical being factors related 
to comfort or the ability to undertake different activities (Wardman et al., 2019). 

4.2. CBA practice 
This section presents elements of conventional CBA practice that are relevant to the topic of 

worthwhileness of travel time. 

4.2.1. The conventional approach to valuing travel time and the quality of travel 
time (estimation stage) 

VTT is conventionally estimated using a willingness-to-pay (WTP) approach (Batley et al., 2019) via 
Stated Preference (SP) experiments. The SP experiments aim to present a clear trade-off between time 

and money to respondents (see an example below from the most recent UK national VTT study by 
ARUP, ITS and Accent (2015). Respondents (travellers) would then be asked to choose their preferred 

option assuming they have made this choice in real life. For this purpose, to be able to infer only the 
way people would trade-off time and money (i.e. the VTT) and nothing else, respondents are asked to 

assume that everything else is the same in both options (A and B) – this is, they should assume that 



www. 
motivproject.eu 
 
 

 
 

 
28 

 

congestion levels, crowding or reliability do not change between options A and B. Note that it is also 

common practice to customise the SP scenarios to a regular or a recent trip made by the respondent, 
so that the choice is felt to be a realistic one.  

 
Figure 3: Example of SP scenario for VTT estimation in national VTT studies. Source: Batley et al., (2019) 

Building upon this, quality of travel time is often valued in a very similar fashion. People are asked to 
trade-off between the quality aspect of interest (e.g. crowding level) and money.  

 

Figure 4: Example of SP scenario to estimate the value of crowding reductions. Source: Batley et al., (2019) 

Sometimes – in fact, quite often – instead of using money as the trade-off ‘currency’, travel time is 
used (and sometimes, both). For example, see the SP experiment below also from the most recent 

national VTT study in the UK, which estimates the value of crowding improvements. 

This approach can be linked to the VTT. It is common practice to estimate so-called multipliers that 

enable the inference of different VTTs under different conditions. For instance, in this case, it would 

enable the estimation of VTT for different levels of crowding: the VTT is higher when crowding levels 
are worse. 

4.2.2. The conversion of unit behavioural values (the estimated values) to unit 
appraisal values 

This is a key step that tends not to be as visible as the estimation step. This includes theoretical 

considerations (e.g. about mode differences) and is therefore a point of debate among academics and 
practitioners. The work from MoTiV can make a contribution to this key CBA step. 
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The VTTs that are estimated directly from stated preference surveys are known as ‘behavioural values’. 

These, however, are not the values used for CBA guidance. Several steps may be needed to convert 
these behavioural values into appraisal values suitable for informing investment decisions. The steps 

can be classified into two groups: 

● Achieving representative values. The VTT is estimated using a sample of the population and 

increasingly complex models that capture how VTT varies with a range of factors e.g. by trip 
purpose, distance, or by income. There is a need to devise a way to ensure that the values 
recommended for CBA guidance are nationally representative (while taking into consideration the 

variation in the VTT across the sample due to the modelled covariates). 

● Taking conceptual issues into account. Two such issues of relevance here are the following: 

✔ Income effects. It is well-known that people’s WTP to save time (i.e. the behavioural VTT) 

increases with income. Some countries adopt an approach that strips out the income effect 

from the national VTTs used for appraisal, based on distributional or equity grounds. 
However, this is a contentious area and others argue that raw WTP should be used and 
distributional issues should be dealt with somewhere else in the CBA. This step, in itself, is 
not central for the topic of worthwhileness – however, it is important to understand the 

following issue (which is key). 

✔ Mode-specific values: comfort and time-use effects. VTTs are typically estimated by mode, 
measuring the WTP to save time in a given mode for the users of that mode (e.g. VTT for car 
travellers, VTT for rail travellers, etc.). As a consequence, estimated VTTs can be different for 

different modes. It has been argued, on a theoretical level, (see Mackie et al., 2003 and more 
recently, Batley et al., 2019) that, in the context of appraisal values, the VTT may vary by 

mode only due to comfort and time-use effects. That is to say, once all other sources of 
variation have been controlled for (e.g. travellers’ socio-demographics and trip 
characteristics), any remaining variation “by mode” should be explained by comfort or time-

use reasons alone. For instance, it would be expected that a mode with low comfort levels 
or one that does not permit a good use of time (for example a crowded bus), should reveal a 

higher VTT than other modes with better comfort/time-use levels (e.g. an uncrowded train). 
However, this theoretical statement is often not observed: in the UK case, bus VTT was 

observed to be much lower than rail VTT which is against the expected outcome (e.g. see 

Batley et al., 2019 section 4.2.4 for a good discussion). One likely reason is that mode-specific 
values (even after controlling for income) are still reflecting deeper income differences 
between bus and rail users. Going back to the previous issue of income effects, the UK CBA 

guidelines for non-work trips (which cover commuting, leisure and any other purposes which 
are not business related) include mode-free values (i.e. a single VTT for all modes) due to 

distributional concerns around the mode-specific VTTs observed. Comfort and time-use are 
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at the heart of this issue, and therefore the research on travel time worthwhileness can 

contribute here. 

4.2.3.     Forecasting impacts and behaviour 

CBA requires first of all that impacts are able to be calculated and forecasted: e.g. what is the change 
in travel time generated by a project? Time changes, along with any change in the quality of that travel 

time (e.g. comfort) must therefore be estimated quantitatively for both the Do-Minimum (DM) and 
the Do-Something (DS) scenarios. In other words, what is the travel time – and the travel time quality 
– in the status quo (in the Do-Minimum scenario) and what would the travel time be following the 

policy or project intervention (in the Do-Something scenario). 

Secondly, a CBA requires also a forecast of demand (e.g. number of passenger trips) for both the Do-

Minimum and the Do-Something scenarios. This requires evidence (e.g. in the form of demand 

elasticities) on how travel demand is influenced by the factor that changes with the project. For 
instance, if it is a project that saves 5 minutes of travel time, the evidence needs to indicate how many 

additional trips would take place due to the 5-minute reduction in travel time. The same would apply 
if the project led to a change in the quality of travel time (e.g. comfort). 

4.2.4.     Implications for Worthwhileness of Travel Time 

With this in mind, it can now be discussed which are the features and implications of the conventional 
CBA approach for the case of Worthwhileness of Travel Time (from now on, for simplicity we will refer 

to this concept as WTT). Although some of the points are relevant for multiple elements of the CBA, 
they are classified into 3 broad categories: 

i. Estimated values 

a. Firstly, the common argument is that it is assumed that estimated VTTs already capture any 
impacts of the WTT (Wardman and Lyons, 2016). This is because, when answering Stated 

Preferences type of questions, people would factor in any personal preferences and 
considerations, such as how they are able to use their time in the journey. 

Therefore, even if WTT is not measured explicitly, it is widely accepted (as supported by the 

theoretical grounds described above) that WTT impacts on VTT, and therefore VTT can vary with 
WTT. However, besides the research stream on how productive use of time impacts on the VTT 

of business travellers, there is very little work or evidence on the more general impacts of WTT 
on VTT (e.g. covering fitness and enjoyment and not only productivity) – or the implications for 

appraisal for that matter (as noted by Wardman and Lyons, 2016, p.520). 

b. The VTTs estimated and used in CBA are within-mode or uni-modal VTTs. This means, the VTTm 
is calculated as a user’s WTP to reduce a journey (by mode m) by X minutes. Therefore, the VTT 

does not contain information about WTP to reduce time by switching from one mode to another 
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mode. This is a subtle issue that is not discussed by Wardman and Lyons (2016) or Wardman et 

al., (2019) explicitly, but it is essential for understanding the role of WTT in CBA for the following 
reasons.  

A substantial part of the interest in bringing WTT consideration into appraisal is related to the 
notion that there are changes in worthwhileness when a person switches mode. While the link 

between VTT and WTT was explained above in Section 1.1, unit valuations of VTT do not assign 
any value per se to the act of switching from one more to another. VTT may well assign different 
unit valuations to different modes, but it is left to aggregate social welfare measures to 

determine the value of switching as an average of the VTT of the modes used in the Do-Minimum 

(DM) and Do-Something (DS) scenarios (as part of the calculation of user benefits for each mode 
via the so-called Rule-of-a-half – RoH – approach; see Appendix J in Mackie et al., 2003 for a full 

explanation). 

c. Quality of travel time also features in appraisal, and some aspects of quality are often valued. 

This can include considerations of worthwhileness implicitly. For example, the case of crowding 
in trains: the observation that VTT is higher in crowding conditions (or that people are WTP to 
reduce crowding) would include any considerations people may give to being able to experience 

worthwhile time while travelling if crowding impacts upon worthwhileness. In particular, the 
railway industry has a long history of valuing all sorts of quality aspects of travelling, some of 

which are related to worthwhileness, such as crowding or the provision of wi-fi (the Passenger 
Demand Forecasting Handbook – PDFH – in the UK contains many quality multipliers that are 

used for appraisal in the UK railway sector). 

ii. Appraisal values 
d. As explained earlier, differences in VTT across modes can be accepted in that they reflect 

differences in comfort or the ability to use time (e.g. if bus is seen to be less comfortable than 

rail, we would expect VTT for bus trips to be higher than VTT for rail trips). The reality is more 
complex and sometimes these theoretically expected patterns may not be observed (e.g. rail 

VTT is higher than bus VTT in the UK, even after controlling for income differences across users 
– for more details see Batley et al., 2019). This poses significant challenges when deciding how 

to segment VTT for appraisal purposes and has sparked a debate among academics and 
practitioners (see Borjesson and Elliason (2014) and Batley et al. (2019) for a discussion on two 
different perspectives). Understanding WoTT by different modes is central to this debate, where 

arguments have often been made more on a theoretical basis than on an empirical one. 

e. Appraisal practice tends to promote a mode-neutral perspective, which means there is no 

prescriptive judgement as to which modes should be favoured – it is left to people’s choices 
ultimately. However, it does not include any explicit information, any values, on how people 

may value more one transport mode over another (e.g. due to differences in comfort or 

worthwhileness) – as noted earlier in point ‘b’, welfare impacts of modal substitution and new 
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trips generation are captured in a way via the user benefits calculation, but it is not clear how 

and whether improvements in worthwhileness from modal changes are being captured. 

iii. Forecasting 

f. Conventionally, travel time is forecasted in the DS scenario and it is then compared with the DM 
scenario, applying the relevant unit valuations (i.e. VTTs). By analogy, in the case of 

worthwhileness, there would be a similar need to forecast the change in worthwhileness 
brought about by a transport investment or policy and estimate the welfare change by 
multiplying by the relevant unit valuation. This is likely to be a key issue for incorporating 

worthwhileness into CBA and will be discussed below in Section 2. 

To summarise, worthwhileness of travel time is recognised in CBA from a theoretical perspective, and 
it is understood that it is implicit in several ways through key inputs of CBA, such as the VTT and 

valuation estimates of some quality aspects. However, there is only limited work and evidence on how 
WTT impacts on VTT, other than the studies on the productivity of business travel time. On the other 

hand, an important aspect of worthwhileness of travel time is the differences that exist across 
transport modes. Appraisal techniques deal with differences across modes at the stage of aggregating 
social welfare impacts (i.e. when calculating user benefits via the Rule-of-a-Half for each mode) and 

any impacts on worthwhileness are arguably beneath the surface (somewhat implicit within the 
assumptions made around the VTT but not easy to track). Altogether, it can be argued that the role of 

worthwhileness in current CBA practice is at best a secondary one, and there is a need to examine its 
role in more depth. Unpacking the exact way in which changes of worthwhileness feature in current 

user benefits calculations would be helpful to make sure any relevant value associated with increased 

worthwhileness is picked up in the CBA. The next section discusses the contribution of MoTiV to this 
end. 
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5. Analysis scope and formulated 
hypotheses 

5.1 Scope of the analysis 
The MoTiV project framework is conceived around four pillars linked to the main areas of the Specific 
Objectives of the project. The four pillars are the conceptual, technological, organisational and 
analytical. The analysis presented in this report presents the first three steps of the analytical pillar 
which deals with the analysis of the mobility and behavioural dataset, with the aim to demonstrate 
the suitability of the MoTiV conceptual framework to assess the Value of Travel Time. The four steps 
within the analytical pillar are;  

● multi-criteria clustering, which aims to identify similar behavioural travel patterns,  
● matching behavioural patterns and value proposition,  
● cost benefit analysis from the perspective of Value of Travel Time, 
● Influence Factors Analysis, covered in Deliverable D5.2. 

These steps, together with future work, will contribute to the evaluation of mobility behaviour data 
and validation of MoTiV framework in redefining VTT. 

Once the previous analysis on the available dataset is presented there will be a proposition of a model 
for the calculation of a Worthwhileness Index. The aim of this model is to provide a tool that can have 
an impact on VTT appraisal in practice in various ways. This will provide a ground for further discussion 
on the impact on evaluation of travel time and possible future studies to develop the richness of VTT 
and the feed into CBA to improve the appraisal of transport projects.  

5.2 Hypotheses and questions 

This section presents those hypotheses and questions that were selected for implementing the analysis 
on the available dataset. The research questions below aim to investigate how the perception of 
worthwhileness of travel time by travellers is while on the move. To do so, the dataset is explored to 
determine behavioural patterns based on a multi-criteria clustering, the perception of WTT and the 
influence of activities and experience factors, both related to the Value Proposition of Mobility.  

The whole set of hypotheses is presented in detail in Deliverable 2.2 – Mobility and Travel Time which 
is publicly available on MoTiV official website (www.motivproject.eu). A total of 19 different 
hypotheses were formulated based on the conceptual framework developed for redefining travel time. 
As a follow-up activity, various research questions were formulated within each hypothesis to specify 
the type of analysis required. The coding of questions in the following tables follows this logic i.e. H10-
Q3 refers to the third question within hypothesis 10. Among all the questions formulated within each 
hypothesis, only some were selected as appropriate for the worthwhileness index analysis presented 
in this report. Questions were selected based on their relevance to the WI. Moreover, some questions 
were excluded due to lack of data.  
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5.2.1 Behavioural patterns 

Table 2 below shows the question related to behavioural patterns affecting WTT. The user of the 
Woorti app is asked a few questions at the onboarding stage, following the introduction about 
transport mode preferences and worthwhileness elements. The user is first asked “How important are 
each of the travel time worthwhileness elements for you when you travel?”, where productivity, 
enjoyment, and fitness are rated on a simple slider. Then the user is asked to choose its preferred 
transport mode “Which modes of transport do you use regularly?” and to rate each transport mode 
she selected in terms of typical productivity and enjoyment levels (fitness only applies to active modes 
and is therefore skipped). These questions already provide valuable insight on transport mode 
satisfaction in general, even before gaining more data on specific trips.  

The only question selected for this analysis is Question 1 of Hypothesis 19 on Attitudes towards 
mobility which explores the difference between the perception that users have of their mobility 
(onboarding profiles), by analysing their general preferences expressed - in terms of travel modes - 
before implementing a trip (trip profiles). 

Hypothesis question Research question Details and Purpose 

H19-Q1 To explore how VTT is affected by 
the traveller’s attitude about 
transport modes and time. 

This refers to the task of generating user segments 
based on transport preferences and 
worthwhileness expectations. Cluster analysis. 

Table 2: WI analysis research questions related to behavioural patterns 

5.2.2 VPM analysis: Perception of worthwhileness of travel time  

The subjective experience of travel time is the core part of MoTiV and therefore of Woorti survey, yet 
it is one of the most difficult to capture. The best way to identify the level of satisfaction with 
experiences is to capture their direct emotions arising from the experience. To do so, after a trip 
completion the user is approached first with an overall question regarding her/his mood concerning 
the completion of a trip: “Overall, how did you feel about this trip?”, which is to be answered on a 5-
point Likert scale, using stars, from ‘Lousy’ to ‘Great’. This step is followed by the key worthwhileness 
question: “How much of your travel time do you feel was wasted?”, which is to be answered using the 
same star system as for mood, from ‘All time was wasted’ to ‘All time was worthwhile’. This question 
is short for “What portion of your travel time on this particular trip leg do you consider having been 
wasted vs. worthwhile?”. At a later stage, the user is asked to rate the type of worthwhile time 
(productive, enjoyable or healthy) in terms of ‘none’, ‘some’ or ‘high’ levels of this type of 
worthwhileness perceived while travelling. 

All the research questions presented on Table 3 below relate to Hypothesis 10 which aims to analyse 
the worthwhile travel time. To do so, the mood, worthwhileness and its elements as well as their 
correlations are the dimensions explored from different perspectives;       

● User characteristics: gender / age group / country  
● Trip characteristics: transport mode / purpose / duration 
● Temporal characteristics: weekdays vs weekend  
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● Spatial characteristics: urban vs suburban vs rural  

Hypothesis question Research question Details and Purpose 

H10-Q1 What is the percentage of 
worthwhile time (positive values) 
compared to total travel time of a 
trip? 

How do users rate trip legs in terms of 
worthwhileness? This is related to the Woorti 
question on trip legs 'Was your travel time wasted 
or worthwhile?' 

H10-Q2 What is the distribution of the 
three types of worthwhileness 
values associated with trip legs? 

How users rate trip legs in terms of the 3 
worthwhileness elements (enjoyment, 
productivity and fitness) 

H10-Q3 What is the distribution of mood 
associated with trips? 

How users rate trips in terms of mood? 

H10-Q4 What is the correlation between 
worthwhileness ratings and the 
ratings for worthwhileness 
elements? 

It will help to propose an empirical calculation of 
WI based on the three elements. At the same time, 
it is explored how significant is the difference 
between ‘none’ to ‘some’ and the difference 
between ‘some’ to ‘high’ levels of worthwhileness 
elements. 

H10-Q5 Is there a correlation between the 
mood ratings at trip level and the 
worthwhile ratings at trip leg 
level? 

This analysis can help explain worthwhileness 
values, but probably, it will not have an effect on 
the Worthwhileness Index calculation. 

H10-Q6 How worthwhileness ratings and 
worthwhileness elements change 
for weekdays and weekends? 

The results will indicate if there is different 
perception of the value of travel time depending 
on temporal characteristics.  

H10-Q8 Assess if worthwhileness ratings 
and worthwhileness elements 
change when a trip is made in an 
urban, sub-urban or rural area. 

The results will indicate if there is different 
perception of the value of travel time depending 
on spatial characteristics. 

Table 3: WI analysis research questions related to perception of Worthwhileness Travel Time. 

5.2.3 VPM analysis: Influence of activities  

Activities can provide further insight into the worthwhileness and the worthwhileness elements, by 
looking at those activities undertaken while travelling that can influence the perception of 
worthwhileness of travel time. This domain will be explored through several research questions across 
Hypothesis 12 as presented in Table 4. 

Questions will explore how the activities influenced the perception of the travel time. One research 
question will determine the correlation among the number of different activities and worthwhileness 
ratings; to see if a higher number of activities is correlated to a more negative assessment of 
worthwhileness. At the same time, it will be explored what are the activities related to each kind and 
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level of worthwhileness. Finally, it will be analysed if some activities are more likely to be connected 
to some specific purpose.  

Hypothesis question Research question Details and Purpose 
H12-Q1 To explore how VTT is influenced by the 

range and diversity of activities while 
travelling. 

Correlation between worthwhileness, 
worthwhileness elements and activities 
undertaken while travelling.  

H12-Q2 Is there a correlation among the number of 
different activities and worthwhileness 
ratings? Is a higher number of activities 
correlated to a more negative assessment of 
worthwhileness? 

Is there a relation between the number 
of activities and the WI? 

H12-Q3 What are the activities that are more 
frequently associated with each kind and 
level of worthwhileness value? 

To explore which activities relate to high 
and low worthwhileness values. 

Table 4: WI analysis research questions related to influence of activities 

 

 

 

 

  



www. 
motivproject.eu 
 
 

 
 

 
37 

 

6. Data  
6.1 Data pre-processing method and data analysis tools  
This section presents an overview of the data used for the analysis described in the rest of the 
document. This section is structured as follows: in Section 6.2, the data analysis tools and 
methodologies are introduced, focusing on how appropriate tools were chosen for the 
Worthwhileness Index analysis. Section 6.3 presents a description of the most relevant data collected 
for this deliverable together with the data pre-processing steps. Finally, some key statistics are 
presented from the collected dataset in Section 6.4. 

This Section will present some content that already appears in D5.2 – Influence Factor Analysis 
(Georgouli, C. 2020), however we will provide here some of the same content for better 
understanding of the background of the analysis. 

6.2 Presentation of data collected  
In this section, the tools and methodologies used for the Worthwhileness Index analysis are presented 
together with the rationale behind the choices that led to this setup. 

Python3 was used for interpreting data and analysing the results of MoTiV EU-wide dataset. Python is 
an interpreted, high-level, general-purpose programming language with a variety of powerful features, 
widely used in the context of data science. 

Python has become a de facto standard in data science: many classical algorithms used in data science, 
such as clustering or conditionality reduction, are already available in well-known, well-tested libraries. 
For this reason, Python has become the language of choice for many data scientists.  

Python libraries are well-known for the variety of the algorithms implemented and for their efficiency. 
They are the industry reference standard for data analysis. Reusing these libraries has allowed a focus 
on fine-tuning the data analysis instead of having to reimplement the algorithms themselves. The most 
relevant libraries that were used are: 

● Pandas4 and NumPy5 for querying data and numerical analysis; 
● SciPy6 for advanced algorithms; 
● Matplotlib7, seaborn8, and Plotly9 for visualizations and plots. 

 
3  https://www.python.org, visited on 2020-05-05 
4  https://pandas.pydata.org/, accessed on 2020-05-05 
5  https://numpy.org/, accessed on 2020-05-05 
6  https://www.scipy.org/, accessed on 2020-05-05 
7  https://matplotlib.org/, accessed on 2020-05-05 
8  https://seaborn.pydata.org/, accessed on 2020-05-05 
9  https://plotly.com/python/ accessed on 2020-05-05 
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For analysing the MoTiV Dataset, Jupyter notebooks have been used. Jupyter notebooks are a web-
based, interactive computational environment. A Jupyter notebook document contains input and 
output cells that can contain code, text (using a simplified formatting language called Markdown), 
mathematical expressions, plots, images, and other hypertextual media. With notebooks, it is possible 
to write data analysis pipelines interposed with rich explanations, containing text, equations, and 
pictures. Jupyter notebooks are a useful tool for an open and reproducible science (Randles, 2017) way 
to share data analyses and a new tool for scientific communications that will make the traditional 
scientific paper obsolete10. 

The choice of Python was deemed necessary in order to process the data gathered through the Woorti 
app. The data, as described in Deliverable D3.4 – MoTiV App (Veiga, L., 2019), was encoded in the JSON 
format: JSON (JavaScript Object Notation) is an open standard file format, and data interchange 
format, that uses human-readable text to store and transmit data objects consisting of attribute-value 
pairs and array data types. 

While very flexible, the JSON format needs to be processed to be converted in other formats, such as 
tabular data. For this task, the flexibility of a programming language is needed. While the most 
common data analysis software, like Excel, can work with tabular data or other compatible formats 
such as CSV files, they are not able to handle many other formats. 

In addition, Python was chosen because of its ability to handle the scale of data in MoTiV. While the 
data analysed cannot be described as "Big Data", pre-packaged analysis tools may not be able to handle 
the hundreds of thousands of records that we gathered in the project. Python has proven to be 
scalable, and it is commonly used in Big Data projects. 

Finally, the R language11 was used for building the regression model illustrated in Section 7.4.  

6.3 Data collection and pre-processing 
The data was collected between May 1st and December 16th, 2019 using the Woorti mobile app, 
designed and developed within the scope of the project. The app automatically detected trips and 
modes as well as changes between modes, which appeared in a travel log. Users were then prompted 
to select detected trips for validation and for entering further details regarding their travel experience. 
Data collection was facilitated by dedicated national data collection campaigns, coordinated by project 
campaign managers; these campaigns took place in 8 European countries: Belgium, Finland, France, 
Italy, Norway, Portugal, Slovakia, Spain. In addition, data was also collected in Croatia and Other 
countries. 

The use of the app consists of three main phases: 

1. Onboarding: upon installing the application and registering a new account, the user is 
introduced to the functionalities of the app. During this process, the user enters her travel 
preferences in terms of typical modes and travel time use, as well as, optionally, basic 
demographic information. 

 
10 «The Scientific Paper Is Obsolete», The Atlantic, April 5, 2018, accessed 2020-05-05 
11 https://www.r-project.org/, official website, accessed 2020-05-25 
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2. Trip recording: the app automatically detects the start of a trip by monitoring the phone 
sensors, and attempts to distinguish trip legs and transport modes (for example walking, 
cycling, car, bus, tram or train). 

3. Trip validation: when a trip finishes, the user can validate it, provide more precision on the 
transport mode (e.g. car passenger or car driver), and answer a number of trip-level questions 
(trip purpose, mood, etc). The user is then prompted to elect a specific leg (and therefore a 
specific mode) to answer further questions about the key worthwhileness variables 
(worthwhileness assessment, value, travel activities, and assessment of positive and negative 
experience factors). 

Tables 5 and 6 below describe the data collected from the application during the onboarding step and 
trip recording and validation steps respectively. 

Worthwhileness 
values 

Name Description and Admissible values 

Generic worthwhileness (F, E, P) Overall evaluation of how much fitness, 
enjoyment, and productivity matter fora 
user’s travel experiences ([0-100]) 

Specific worthwhileness (F, E, P) Evaluation for each preferred mode of 
transport of how much fitness, enjoyment, 
and productivity matter fora user’s travel 
experiences using that mode of transport ([0-
100]) 

Demographics 

Gender Male, Female, Other 

Education level Basic, High school, or University 

Language Catalan, Dutch, English, Finnish, French, 
Italian, Norwegian, Portuguese, Slovak, 
Spanish and Croatian 

Age range 16-19, 20-24, 25-29, 30-39, 40-49, 50-64, 65-
74, 75+ 

Marital Status Divorced, Married, Registered partnership, 
Single, Widowed 

Labour Status Employed full-time, Employed part-time, 
Pensioner, Student, Unemployed 

Table 5: User data collected during the onboarding phase – Demographic information was optional 

Recording 

Name Description and Admissible values 

Trip id Identifier of the trip the leg refers to 

User id Identifier of the who performed the travel leg 

Leg duration Leg travel time expressed in minutes 
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Leg distance Leg travel distance expressed in meters 

Mode of transport Mode of transport used; there are 37 
different modes of transport 

Transport category Transport category associated to the 
transport mode; there are 5 different 
categories (Cycling and emerging 
micromobility12, Private motorised, Public 
transport short distance, Public transport 
long distance, Walking and running) 

Evaluation 

Worthwhileness evaluation Worthwhileness evaluation of the trip 
Worthwhileness elements are expressed on a 
scale from low to high (low, medium, high), 
while the overall worthwhileness rating for a 
trip is on a scale from 1 (low) to 5 (high) 

Mood evaluation Mood evaluation for a trip. Mood relates to 
the overall question “How did you feel about 
this trip?". The mood rating for a trip is given 
on a scale from 1 (low) to 5 (high). 

Table 6: Trip recording and evaluation data 

Within the application, a user can access her/his data through several screens and visualise and edit 
her/his profile information and trips.  Furthermore, the application features a dashboard that presents 
to the user multiple statistics related to her/his validated trips, both at an individual level and in 
comparison, with other participants in the data collection campaigns (DCC). 

User preferences and experiences are encoded in two main sets of values, called worthwhileness 
values: 

● generic worthwhileness values: they are a triplet of values F, E, and P standing for fitness, 
enjoyment, and productivity, respectively. They measure how much the user values these 
dimensions in general when travelling; 

● specific worthwhileness values: they are triplets of values F, E, and P that the user is asked to 
assign to each specific mode of transport that she chooses in the onboarding phase. The 
transport modes that the user selects during the onboarding phase are called preferred 
transport modes. Specific worthwhileness values are the measure of how much the user values 
fitness, enjoyment, and productivity when using that particular transport mode. 

In addition, user trip evaluation is comprised of two overall dimensions: 

● Worthwhileness score: a general evaluation of how much the time spent during the trip was 
considered worthwhile. The general worthwhileness score of a trip is encoded in a scale from 
1 (time was wasted) to 5 (time was worthwhile); 

 
12  Micromobility is defined, by the International Transport Forum, as the use of micro-vehicles with a 
speed of up to 45km/h and a mass of up to 350kg (https://www.itf-oecd.org/sites/default/files/docs/safe-
micromobility_1.pdf) 
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● Mood rating: a rating of the mood of the user. Mood relates to the overall question “How did 
you feel about this trip?". The mood rating for a trip is given on a scale from 1 (low) to 5 (high). 

During the onboarding phase, the user is asked to provide both the generic and specific 
worthwhileness values on a scale from 1 to 100. When evaluating trips, the user is asked to provide an 
evaluation for each dimension of fitness, enjoyment, and productivity using a scale from low to high 
(low, medium, high).  

Each trip is composed of trip parts, that can be either a leg i.e. a part of a journey when the app has 
detected some movement, or a waiting event, that corresponds to the user not moving. When the app 
detects that a new trip part has started, it records the initial and final locations and timestamps. 
Furthermore, when creating a leg, the app infers a predicted mode of transport; within a leg, other 
statistics regarding trip time duration, speed and acceleration are collected. In case of a waiting event, 
the app registers a location based on the average of coordinates collected. At the end of a trip users 
can review and validate the data collected. Since this requires an extra effort for the user, the app 
offers a set of incentives for users (e.g., personalized statistics in the app dashboard, point system, 
possibility of connecting points to campaign rewards) to validate as many trips as possible. This 
approach preserves the privacy of the user, since she can choose which trips to validate and submit to 
the server. 

Each trip is assigned to a transport category based on the mode of transport of the reviewed leg; this 
leg – selected by the user during trip validation – is considered to be the main leg of the trip. The 
different transport mode categories are presented in Section 7.1. 

The limitation of the possibility of evaluating one leg per trip was designed to shorten the number of 
questions and effort required by the user in reporting trips. While a trip can contain several legs, the 
user is informed that s/he can report information just for one leg and that the evaluation refers to the 
whole trip. 

6.3.1 Data pre-processing 

To obtain the data used for the analysis, it was first pre-processed performing four main tasks: 

1. data cleaning: duplicate or incomplete data was removed; 
2. automatic merging of similar legs: trip legs were automatically merged when all of the 

following conditions were met: a) they belonged to the same user; b) they had the same mode 
of transport; and c) the time difference between the ending time of the first leg and the 
starting time of the second was less than 5 minutes; 

3. outlier removal: to reduce noise in the data, extremely long and short legs were eliminated by 
removing legs belonging to the first and last percentile of the distribution of legs – for each 
different transport mode – in terms of distance (leg distance) and time (leg duration). Trips 
containing one or more outlier legs were eliminated altogether; 

4. user removal: users that did not have any trip left at the end of the previous steps were 
eliminated. 

It is pointed out that since the analysis presented in this report encompass several aspects of each trip 
that was recorded through the MoTiV application, each question analysed required a different 



www. 
motivproject.eu 
 
 

 
 

 
42 

 

selection and filtering from this initial set of users and trips. In many cases, questions were optional, 
or users could provide a variety of different answers. In some cases, during the analysis, it was found 
that some users choices were unexpected or did not conform to the app specifications. Hence, on a 
case by case basis, it was examined if these spurious values could be reconducted to some valid 
answers or if they needed to be discarded completely. For these reasons, the totals appearing in 
different analysis questions may differ from one another. 
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7. Results 
This section presents the results derived from the statistical analysis of the data presented above. The 
results are presented in following together with their respective research questions within each 
hypothesis as those presented at Section 5.2. 

7.1 Explanatory data useful for the analysis 

This section presents a few sets of data which were formulated in order to fit the scope of the analysis. 
All design decisions related to the collection of suitable data, as presented in this section, for assessing 
travel time experience are described in Deliverable 2.3, Deliverable 3.2 and the paper prepared by 
Cornet et al. (2019). 

Trips and trip legs 

In conventional transport planning, mobility is often reduced to the concept of ‘trip’. But there is not 
a clear definition of a trip, since it can include multiple trip legs (combined walking and bus, or metro 
and train and then walking etc., or one or several waiting times (e.g. when a user is waiting for a bus 
to arrive at the bus stop). As acknowledged by Cornet et al. (2019), to appropriately connect 
information about worthwhile time to specific modes of transport, the assessment of travel time must 
then be done at a trip leg level. Thus, all data used for the analysis considers the trips at a leg level. 

Transport modes and categories 

One of the ambitions of MoTiV is to apply the measure of worthwhileness in travel mode choice in 
order to determine which transport mode provides a more worthwhile experience compared to 
others. In current literature, most transport appraisals are made for a single transport mode (mostly 
rail transport and private car), therefore it is not possible to objectively compare specific transport 
mode choices to alternative ones. MoTiV attempts to do so by producing the WI for different transport 
alternatives. 

In Woorti, users could select up to 29 different transport modes. The WI can in principle be calculated 
for most transport modes, except for those without a sufficient amount of data (for example for the 
modes ‘other Private Motorised’, ‘wheelchair’ or ‘ferry/boat’).  However, at both theoretical and 
empirical level, it makes sense to focus on ‘standard’ modes and consider suitable aggregation of 
modes. In MoTiV, transport modes have been grouped in 5 categories: private-motorised, public 
transport – long distance, public transport – short distance, walking and cycling – emerging micro 
mobility.  

Transport modes in Woorti Driver vs Passenger Transport type Transport category 

Private Car (Driver) Driver Private Motorised Private Motorised 

Car Sharing/Rental (Driver) Driver Private Motorised Private Motorised 



www. 
motivproject.eu 
 
 

 
 

 
44 

 

Private Car (Passenger) Passenger Private Motorised Private Motorised 

Car Sharing/Rental 
(Passenger) 

Passenger Private Motorised Private Motorised 

Taxi/Ride Hailing Passenger Private Motorised Private Motorised 

Other Private Motorised Driver Private Motorised Private Motorised 

Moped Driver Private Motorised Private Motorised 

Motorcycle Driver Private Motorised Private Motorised 

Coach/Long-distance Bus Passenger Public transport 
Public transport long 

distance 

Regional/Intercity Train Passenger Public transport 
Public transport long 

distance 

High-speed Train Passenger Public transport Public transport long 
distance 

Ferry/Boat Passenger Public transport 
Public transport long 

distance 

Airplane Passenger Public transport 
Public transport long 

distance 

Metro Passenger Public transport Public transport short 
distance 

Tram Passenger Public transport Public transport short 
distance 

Bus/Trolley Bus Passenger Public transport 
Public transport short 

distance 

Urban Train Passenger Public transport 
Public transport short 

distance 

Other Public Transport Passenger Public transport 
Public transport short 

distance 

Walking Driver Active/Semi-active Walking 

Jogging/Running Driver Active/Semi-active Walking 

Wheelchair Driver Active/Semi-active Walking 

Electric Wheelchair/Cart Driver Private Motorised Walking 

Bicycle Driver Active/Semi-active 
Cycling and emerging 

micromobility 
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Electric Bicycle Driver Active/Semi-active 
Cycling and emerging 

micromobility 

Cargo Bike Driver Active/Semi-active 
Cycling and emerging 

micromobility 

Bike Sharing Driver Active/Semi-active 
Cycling and emerging 

micromobility 

Micro Scooter Driver Active/Semi-active Cycling and emerging 
micromobility 

Skateboard Driver Active/Semi-active Cycling and emerging 
micromobility 

Other Active/Semi-active Driver Active/Semi-active Cycling and emerging 
micromobility 

Table 7: MoTiV list of transport modes. 

Trip purposes 

Trip purpose is considered a key aspect in travel surveys, let alone because it serves to establish the 
monetary value of travel time savings in conventional transport planning (Cornet et al., 2019). For 
example, different valuation methods are used depending if it is a leisure or business trip.  

Since the focus of MoTiV is on travel time and not trip destinations, asking details about a long list of 
trip purposes entailed the risk of adding unnecessary complexity for both researchers and users. 
Therefore, the list was kept to 9 items. And for the WI analysis these have subsequently been grouped 
into 6 broader categories:  

Trip purposes in Woorti Purposes category 

Work 
Work 

Business Trip 

Home Home 

Leisure/Hobby Leisure 

Everyday shopping Shopping 

School/Education Education 

Trip itself 

Other Pick-up/Drop-off someone 

Personal tasks/Errand 

Table 8: MoTiV trip purposes categories.  
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In principle, a WI can be calculated for each trip purpose category. However, questions arise on the 
treatment of the purpose ‘home’, which is not often considered as such in the VTT literature. Therein, 
the focus is placed on the ‘inbound’ purpose, assuming that there always must be a return trip. 
However, there is evidence of differences in e.g. productivity between inbound and outbound trips 
(see Wardman and Lyons, 2016), and thus this approach may help to explore those.  

Activities and Experience factors 

The available activities when users were validating a trip leg are shown in Table 9 below. Their 
application to driving or non-driving modes of transport as defined in Table 7 above is also presented 
in the second column. 

Activities Applied to  
Driving / Cycling / Walking Driving 
Relaxing or sleeping Non-driving 
Browsing or social media All 
Reading / writing (paper) Non-driving 
Reading / writing (device) Non-driving 
Listening to audio All 
Watching video or gaming Non-driving 
Talking (including phone) All 
Accompanying someone All 
Eating / drinking All 
Personal caring All 
Thinking All 
Other All 

Table 9: Available activities and application to driving/non driving modes of transport 

Table 10 below presents all experience factors which were available to users of Woorti app for 
different modes of transport. Experience factors are grouped within Activities, Getting there, Comfort 
and Pleasantness and While you ride which is only applicable to Public Transport. Some of the 
experience factors were the same or similar across all modes while others were only available in some 
of them. 

Public Transport (Short and Long 
Distance) 

Active Transport (Walking & 
Emerging Micromobility) 

Private Motorised 

Activities Activities Activities 
Ability to do what I want while I 
travel 

Ability to do what I want while I 
travel 

Ability to do what I wanted 

Getting there Getting there Getting there 
Simplicity/difficulty of the route Simplicity/difficulty of the route Simplicity/difficulty of the route 
Reliability of travel time Road/path availability and 

safety 
Traffic congestion/delays 

Security and safety Good accessibility (escalators, 
lifts, ramps, etc.) 

Predictability of travel time 

Space for luggage/pram/bicycle etc. Traffic signals/crossings Security and safety 
Ability to take kids or pets along Route planning/navigation tools Space for luggage/pram/bicycle etc. 
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Payment and tickets Information and signs Ability to take kids or pets along 
Good accessibility (lifts, boarding, 
etc.) 

Ability to carry bags, luggage 
etc. 

Route planning/navigation tools 

Route planning/navigation tools Ability to take kids or pets along Information and signs 
Information and signs Crowding/congestion Parking at end points 
Check-in, security and boarding Predictability of travel time Comfort and pleasantness 
While you ride Benches/toilets etc. Today’s weather 
Crowdedness/seat availability Facilities (shower, lockers) Road quality/vehicle ride 

smoothness 
Internet connectivity Parking at end points Vehicle quality 
Charging opportunity Comfort and pleasantness Charging opportunity 
Tables Today’s weather Privacy 
Toilets Road/path quality Seat comfort 

Food/drink allowed Road/path directness Noise level 

Food/drink available Noise level Air quality/temperature 

Shopping/retail Air quality Urban scenery and atmosphere 

Entertainment Lighting/visibility Nature and scenery 

Car/bike parking at transfer point Urban scenery and atmosphere Other passengers 

Comfort and pleasantness Nature and scenery Other cars/vehicles 

Today’s weather Other people   
Vehicle ride smoothness Cars/other vehicles   
Seating quality/personal space     
Other people     
Privacy     
Noise level     
Air quality/temperature     
Cleanliness     
General atmosphere/design     
Scenery     

Table 10: Experience factors available for different transport modes 

7.2 Multi-criteria clustering and behavioural patterns  
As shown at Table 2 earlier at Section 5.2.1 of this report, there is one research question related to 
behavioural patterns H19-Q1. Analysis of this question is presented below together with the findings 
and interpretation.  

7.2.1 Introduction 

The advent of the Web in the last 25 years has impacted user mobility in several ways. While new 
forms of working and interacting with friends and family do not require to travel, people's mobility 
needs are still prominent. Recent U.S. Census data indicate that the average time spent commuting 
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has grown over the last decade13. Furthermore, teleworking is still an underused option, as it is 
generally seen as harming careers (Golden et al, 2017). Face-to-face interactions are still needed and 
sought after (Thompson, JB, 2020 and Breuer et al., 2020), and with them the need for travelling. In 
the urban context, there is a growing pressure over transport systems to respond to new needs and 
demands (Kamargianni et al 2016): from door-to-door multi-modal trips combining public and private 
transport offer, to new shared mobility services (car-sharing, bike-sharing, etc.), smartphone-based 
ride-sharing (e.g. BlaBlaCar, Lyft, Uber) and new forms of micro-mobility (electric scooters, electric 
bikes, segways, etc.). This new paradigm has been labelled “Mobility as a Service” (MaaS) (Jittrapirom 
et al., 2017). 

In this new paradigm, supporting users with intelligent transport solutions is critical. Hence, getting to 
know and modelling them is the first step in this direction. Indeed, one might tailor these intelligent 
solutions based on explicit statements of the users on their preferred transport modes, by implicitly 
monitoring their behaviour, or through a mix of both. Hence, studying the alignment between how 
user preferences and their actual usage of transport would allow transport operators and providers to 
consider the reliability of different data sources when dealing with their users. To the best of our 
knowledge, no work in the literature has attempted to characterise and match user preferences for 
transport systems with their actual behaviour. In this report, it is explored the difference between the 
perception that users have of their mobility, by analysing their general preferences expressed - in 
terms of travel modes - before their travel time and their actual transport use. 

Within the scope of the MoTiV project, data about travellers and their journeys have been collected 
from the dedicated Woorti app. Specifically, in this section the following results are presented: 

● a novel approach to model and profile users, both considering preferences expressed explicitly 
and the monitored user travel behaviour; 

● a matching between the preference-based profiles and those created considering user travel 
behaviour; 

● a unique study that characterises user mobility in Europe during an extended period of time. 

7.2.2 Analysis 

The approach follows three steps: first, users are modelled from the onboarding and trip data by 
representing them as feature vectors in two separate spaces. Then, dimensionality reduction and 
clustering are performed to obtain general representations of users; the clusters obtained are called 
onboarding and trip profiles, respectively. Finally, onboarding and trip profiles are matched by defining 
a distance function between them and applying an algorithm to obtain the lowest distance assignment. 

User modelling 

Each user 𝑢 ∈ 𝑈 is modeled as a vector of 18 values, i.e., 3 generic worthwhileness values and 15 
specific worthwhileness values - 3 for each of the 5 transport categories. A function is subsequently 
defines: 𝑏: 𝑈 →  𝑉  = 𝑅  that models a user 𝑢 from the set of all users 𝑈 to her/his vector 

 
13 U.S. Census Bureau  Commuting. Commuting. Accessed: 2020-02-06. 
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representation 𝑏(𝑢) using onboarding values. Analogously, for trips a function 𝑡: 𝑈 →  𝑉  = 𝑅  is 
defined. 

Onboarding vectors are built using the 3 generic worthwhileness values, and for the specific one, if a 
user has chosen more than one preferred transport mode in a given transport category, the average 
of the specific worthwhileness values belonging to that category is computed. In case a user has chosen 
no transport mode for a given category, the value zero is used. 

Trip vectors are defined similarly: the 3 generic worthwhileness values are used, and for the 15 specific 
ones, the average over the worthwhileness values associated with all trips that belong to the same 
transport category is taken. When a user has no trips in a given transport category, the value zero is 
used.14 

Dimensionality reduction and clustering 

To perform dimensionality reduction, the Uniform Manifold Approximation and Projection (UMAP) 
algorithm (Becht et al., 2019) has been used. UMAP is a technique based on the assumption that data 
are uniformly distributed over a Riemannian manifold and can be modelled with a graph, which is then 
embedded into a low-dimension space. UMAP depends mainly on four hyperparameters: 

● number of neighbours: number of neighbours selected when creating the graph structure. 
Small values will focus more on local structure, eventually catching noise in the data, while 
larger values will give a broader overview of the structure of the space; 

● number of components: determines the number of dimensions the data will be embedded 
into. Thanks to the structure and implementation of UMAP, the number of components does 
not strongly affect the computational time; 

● minimum distance: controls how densely points will be displayed, and it is mainly a graphical 
parameter. A lower value will contribute to forming densely packed regions, and it is suggested 
for clustering visualization; 

● number of epochs: the number of training epochs to use in the phase of optimization of the 
embeddings. Larger values will produce more accurate embeddings. 

Once the input data have been transformed through UMAP, hierarchical clustering is then performed. 
This algorithm of agglomerative clustering is based on both distances among data points and distances 
among points belonging to the same cluster (Rokach et al., 2005). Different combinations of distance 
measures and linkage criteria have been exploited in order to find a combination that could fit with 
the data. Finally, the best clustering model was selected using silhouette (Rousseeuw 1987) and 
Calinski-Harabasz scores (Craenendonck and Blokeel 2015). 

Cluster distance measures 

When the onboarding and trip profiles were obtained, it was necessary to establish how to match 
them. Let 𝑛  and 𝑛  be the number of onboarding profiles and trip profiles, respectively. Let {𝐵 }  

 
14 The value zero, which is mapped to the class low, is also used in the case where the user has chosen the value 
and where no data is available. Furthermore, it is the default value for worthwhileness values - generic and 
specific - in the onboarding data and the trip evaluation phase. 
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be the 𝑛 onboarding profiles, i.e., the clusters obtained from onboarding data: each cluster is a set of 
users 𝐵 = {𝑢 ∈ 𝑈 | 𝑐(𝑏(𝑢)) = 𝑖}, where the function 𝑐(𝑏(𝑢)) returns the index of the onboarding 
cluster to which the vector 𝑏(𝑢) representing the user 𝑢. Similarly, the 𝑛  trip profiles {𝑇 } are 
defined as 𝑇 = {𝑢 ∈ 𝑈 | 𝑐(𝑡(𝑢)) = 𝑗}. For convenience, the clusters were also defined in terms of the 
vector representation of the users 𝐵 = 𝑏(𝑢) ∈  𝑉 |𝑢 ∈  𝐵 }and analogously for  𝑇 = 𝑡(𝑢) ∈

 𝑉 |𝑢 ∈ 𝑇 }. 

● Symmetric difference distance: is the number of users that belong to either cluster, but that 
are common between the cluster 𝐵  and 𝑇 : 

𝑑 (𝐵 , 𝑇 ) = |𝐵 ∪ 𝑇 | − |𝐵  ∩ 𝑇 | 

● Jaccard distance: is the ratio between the number of users in the symmetric difference of 𝐵  
and 𝑇 , over the total number of users: 

 𝑑 (𝐵 , 𝑇 ) =
| ∪ | |  ∩ |

| ∪ |
 

● Centroid distance: is the distance between the centroid of the vector representation of cluster 
𝐵  and 𝑇 : 

𝑑 (𝐵 , 𝑇 ) = ||𝑐 − 𝑐 || 

 where 𝑐 = (∑ ∈ 𝑏)/|𝐵 | and analogously for 𝑐 . 

Matching algorithm 

By establishing a similarity function between onboarding and trip profiles, the problem of finding an 
assignment between each onboarding profile and each trip profile can be solved. The problem can be 
presented as having a bipartite graph where each node on the left represents a user profile, and each 
node on the right represents a trip profile. The graph has weighted edges, where the weight over the 
edge between the nodes representing the onboarding profile 𝐵  and the node representing the trip 
profile 𝑇  is the distance between the clusters 𝐵  and 𝑇  using one of the distance measures defined 
above. The problem to be solved is then framed as finding the subset of edges that assign each node 
on the left to one - and only one - node on the right with the minimal overall weight. 

7.2.3 Results  

In this section, the results of the study are presented. First, some descriptive analysis is performed on 
the dataset to characterize users and trips. Then, several settings of parameters are explored for the 
dimensionality reduction and clustering algorithm and some results that justify the choices for the final 
configuration are presented. Finally, the results of the matching between onboarding and trips profiles 
are presented and discussed in detail. 

 

 



www. 
motivproject.eu 
 
 

 
 

 
51 

 

User characterization 

With the Woorti app, data has been collected from 3,330 users, consisting of 71,509 validated trips 
and 179,679 legs. After pre-processing, described in Section 6.3.1, the dataset contains data from 
3,011 unique users, contributing a total of 50,133 validated trips and 153,553 legs. 

Table 11 presents the number of trips and users for each transport category. Since a user could choose 
multiple preferred modes of transport and perform multiple trips then the sum of users is greater than 
the number of unique users.   

Category Trips Users (trips) User (ob) 

# f(%) # f(%) # f(%) 

Cycling and Micromobility 11023 21.99 1317 43.74 2009  66.72 

Private Motorised 15003   29.93 1741 57.82 2153 71.50 

PT long-distance 481 0.96 189 5.28 1146 38.06 

PT short-distance 6097 12.16 1211 40.22 1986 65.96 

Walking 17529 34.96 2124 70.54 2360 78.36 

TOTAL 50133 100 6582 - # f(%) 

Table 11: Number (#) and fraction expressed as a percentage (f) of: trips by transport category (trips); users with at least 
one trip in that category (Users (trips)); and users which selected at least one preferred mode of transport in that 
category (Users (ob)). 

Dimensionality Reduction and Clustering: Hyperparameter Tuning 

In this section, the set of hyperparameters chosen to run the UMAP dimensionality reduction algorithm 
are described: 

● the number of components was set to 2, in this way, the results of the clustering algorithm can 
be visualised and inspected; 

● the minimum distance was set equal to 0, to get a better shape of the clusters; 
● the number of epochs was set to 500, keeping the default value; 
● for choosing the number of neighbours, this parameter was tuned by running the UMAP 

algorithm with values ranging from 10 to 100, in order to explore both the local and global 
structure of the space in which the data were embedded. Finally, 10 was selected as the 
number of neighbours for the onboarding data, and 60 for the trip data. This choice is 
motivated not only by the intention to find a trade-off between the manifold features which 
are captured by the parameter, but also by looking at the final structure that seems to be 
already divided into groups that will facilitate the clustering algorithm.   

Once the reduced dataset for both onboarding and trip data have been obtained, the hierarchical 
clustering algorithm with different combinations of the number of clusters was run, distance metrics, 
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and linkage criteria. For the final results, the Euclidean distance has been used as metric and Ward's 
method as linkage criterion. The number of clusters was set to 5, with a Silhouette score of 0.68 for 
onboarding profiles and 0.66 for trip profiles and a Calinski-Harabasz score of 30,880 for the former 
and 13,478 for the latter. Moreover, it was thought that 5 is the minimum number of clusters needed 
to group the users, since there were 5 transport categories. 

Profile Matching 

The distances defined in the previous section have been used to compute the distance between each 
onboarding and trip profiles. 5 x 5 cost matrices obtained are reported in Figure 5. The Hungarian 
algorithm has been run over these matrices and obtained a set of matching pairs of profiles. The 
matching calculated using the symmetric difference distance and the Jaccard distance are the same, 
while the matching obtained using the centroid distance are different. This is a first indication that 
profiles that users have moved to different profiles when expressing their preferences in the 
onboarding phase before travel time and when performing their trips. 

Using the centroid distance, closer profiles are more similar in terms of their characteristics. The best 
matching is computed by considering the overall cost of the assignment, not necessarily by matching 
the closest profiles; the optimal solution is given by the assignment for which the total distance is 
minimized. 

 
Figure 5: Cost matrices between onboarding (𝐵, rows) and trip (𝑇, columns) profiles calculated with: (a) symmetric difference 
distance; (b) Jaccard distance; and (c) centroid distance. Bold boxed value highlights the matching selected by the Hungarian 
algorithm. 

Clustering 

The results of the clustering can be described in terms of the characteristics of the users. Figure 6 
represents the values for the generic and specific worthwhileness value for each transport category 
for the trip (top row) and onboarding (middle row) profiles. Each cell of the map contains the average 
worthwhile value for the corresponding factor (fitness, enjoyment, productivity) and transport 
category for users belonging to that profile. Each profile is rendered as a 5 x 6 matrix with transport 
categories on the rows (Cycling and emerging micromobility, Private motorised, Public transport short 
distance, Public transport long distance, Walking and running) and the worthwhileness values on the 
columns. Axis are shared by all heatmaps. A cooler colour indicates a lower value of the corresponding 
entry 0 - corresponding to low - is blue, and 2 - corresponding to high - is red. Matching onboarding 
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and trip profiles are one underneath the other, left to right B1-T4, B2-T3, B3-T1, B4-T2, and B5-T5. The 
heatmaps in the bottom row are 5 x 3 matrices and visualise the average of the specific worthwhileness 
values of the trips performed by users belonging to the onboarding profiles above. Each onboarding 
profile matches with the trip profile directly above, so the figure highlights the similarity between 
matched profiles. Furthermore, there is interest in studying if user preferences and evaluations are 
different before and after their travels. In the bottom row of Figure 6, there are the users belonging to 
the onboarding profiles in the middle row, and the average of the specific worthwhileness values for 
their trips are visualised. By comparing the middle and bottom rows, the difference between users' 
expectations - expressed before their travels - and the evaluation of the trips that they have performed 
can be appreciated. The heatmaps in the bottom row present only the specific worthwhileness values 
because these are the results of the evaluation of trips for a given transport mode and transport 
category, so there is no direct comparison for the generic worthwhileness values. 

Some overall common characteristics of the clusters can be recognised: in general, modes of transport 
belonging to the categories Walking and running and Cycling and emerging micromobility receive a 
high evaluation in terms of enjoyment and fitness. Productivity is, in general, lower across the board 
than the enjoyment and fitness, except for the categories of Private motorised (private cars, car-
sharing) and Public transport - both for short and long distances - for fitness. 

Based on the onboarding characteristics and users preferred transport modes, each users’ profile can 
be described as follows: 

1. users with high values for fitness and enjoyment while having low values for productivity. They 
are the active people, whose preferred modes of transport are comprised of walking and 
running, cycling, and public transport modes; 

2. users with medium values for fitness and productivity but high values for enjoyment. They are 
active people, who choose to walk and cycle, but also use their private car; 

3. users with medium to low values for fitness, high enjoyment, and medium productivity. These 
users walk, use their private car and local public transport, but they are not interested in using 
bicycle or micromobility modes; 

4. users with medium to low values for fitness and productivity, and medium values for 
enjoyment. These users have the overall lowest values. They mostly use private cars and public 
transport; 

5. users with high values for fitness, medium-to-high values for enjoyment, and low values for 
productivity. These users prefer to use bicycle and new forms of micromobility, together with 
private cars and public transport. 
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Figure 6: Average characteristics of the onboarding and trip profiles (middle and top row). 
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By comparing the onboarding profiles with their matched trip profile (middle and top rows), it can be 
seen that across the board, the evaluation for all worthwhileness factors (fitness, enjoyment, and 
productivity) is lower. This comparison is even starker if the onboarding profile and the evaluation of 
trips given by the same set of users (middle and bottom rows) are considered.   

Another way to quantify the differences between user expectations when planning a journey and their 
travel choices is to consider the alluvial diagram of Figure 7. The diagram depicts the number of users 
belonging to matching profiles, overall only 927 out of 3,011 users (31%) migrate from an onboarding 
profile to their matching trip profile while most (2,084, 69%) users migrate to a profile with more 
significant differences with respect to the profile describing their preferences. Table 12 reports the 
number of users belonging to either one of the matching profile pairs (𝐵 , 𝑇 )and the number of users 
in common 𝐵  ∩ 𝑇 . 

 

Figure 7: Alluvial diagram showing the changes in user composition between onboarding (left) and trip (right) profiles. 
Matching profiles - chosen using the centroid distance - are highlighted. Overall, 927 out of 3011 users ($31%) migrate to 
their matching profile. 

 

 (B1,T4) (B1,T3) (B3,T1) (B4,T2) (B5,T5) 

𝐵 \𝑇  865 355 320 262 282 

𝑇  \𝐵  376 552 627 264 265 

𝐵 ∩ 𝑇  132 82 442 106 165 

Table 12: Composition of user profiles: each column presents, for each pair of matching onboarding and trip profiles 𝐵 , 𝑇  
the number of users belonging to onboarding profiles but not to the corresponding trip profile 𝐵 \𝑇 , and vice versa 𝑇  \𝐵 , 
and the users in common 𝐵 ∩ 𝑇 . The symmetric difference between 𝐵  and 𝑇  can also be computed as 𝛥(𝐵 , 𝑇 ) =

|𝐵  \𝑇 |  +  |𝑇 \𝐵 |. 
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7.3 VPM analysis - Perception of worthwhileness travel time  
As shown at Table 3 earlier at Section 5.2.2 of this report, there are several different research questions 
related to Value Proposition of Mobility analysis on its perception of worthwhileness travel time which 
are presented below together with the findings and interpretation.  

H10-Q1 What is the percentage of worthwhile time (positive values) compared to total travel time 
of a trip? 

This question refers to the analysis of the worthwhileness assessment which probably represents the 
base for the main outcome of the overall research. It should be noted that worthwhileness assessment 
is reflected by the response to the following question in the Woorti app: “How much of your travel 
time do you feel was wasted?”, which is the first question asked after the user selected the trip leg to 
evaluate who reported between 1 to 5 stars indicating “all time was wasted” to “all time was 
worthwhile”. 

Figures 8 and 9 illustrate the median, lower and upper quartiles of worthwhileness rating by travel 
time (short, medium and long, defined based on the terciles of the travel lengths), transport category, 
gender, country and age range. The median score of worthwhileness reported from all users was 
around 4 out of 5 and most values were within the range of 3-5. This trend does not change when 
observing the worthwhileness ratings across different transport categories, age groups, genders or 
countries. This may indicate that users who consider their travel time as worthwhile, report lower 
values (1-2) representing wasted travel time only when they had a bad experience while traveling. 

 

Figure 8: Box plots illustrating the median, lower and upper quartiles of worthwhileness rating: (left plot) by total travel time 
/ (right plot) by transport category 
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Figure 9: Box plots illustrating the median, lower and upper quartiles of worthwhileness rating: (left plot) by gender / (centre 
plot) by country (AAA – other, BEL – Belgium, HRV – Croatia, FIN – Finland, FRA – France, ITA – Italy, NOR – Norway, PRT – 
Portugal, SVK – Slovakia, ESP – Spain) / (right plot) by age range 

Since the median, lower and upper quartiles of the worthwhileness ratings are so similar among all 
dataset, following are some scatter plots in order to get more information. Thus, Figures 10 and 11 
present scatter plots with the average worthwhileness rating across travel time duration (short, 
medium and long), transport category, gender, country and age range. Although the differences are 
small, as indicated by the boxplots, some variations in the average values can be observed. Among 
socio-demographic groups, females rated worthwhileness higher than males and higher assessments 
are also reported in older age ranges. Among regions there are also some differences: Italy and Slovakia 
present the highest worthwhileness ratings and Finland, Spain and Belgium the lowest levels. In terms 
of transport categories, results show that Walking and Public transport long distances present the 
highest worthwhileness ratings while Private motorised, Cycling and Public transport short distances 
have lowest reported assessment.  

 

Figure 10: Worthwhileness average rating: (left plot) by total travel time / (right plot) by transport category 
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Figure 11: Worthwhileness average rating: (left plot) by gender / (centre plot) by country (AAA – other, BEL – Belgium, HRV – 
Croatia, FIN – Finland, FRA – France, ITA – Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) / (right plot) by 
age range 

These results should be interpreted with caution. First, respondents themselves selected which trip 
leg they would provide feedback on. This makes it possible to analyse results at a modal level, but each 
of these trip legs was part of a longer, possibly multimodal trip (on average, each trip consisted of 
roughly 2.5 trip legs, including transfers). Therefore, the data does not reveal to what extent other trip 
legs on other modes within the same trip may have influenced positively or negatively assessments. 
Secondly, respondents may not necessarily have selected the longest trip leg in time or distance; they 
were free to select the most relevant from their own perspective. In other words, assuming the trip 
leg was selected because it was the most memorable, worthwhileness values may be exaggerated – 
either positively or negatively. Thirdly, and perhaps more importantly, if the first assumption holds 
true and respondents chose a specific leg either because it was memorably worthwhile or wasted, then 
average worthwhileness values per mode likely hide trip leg specificities and variations in satisfaction 
that took place in real life.  

H10-Q2 What is the distribution of the four types of worthwhileness values associated with trip legs? 

The framework provides a way to distinguish the types of travel time value that were considered 
worthwhile. The respondents were asked to rate their trip leg on each of the four types of value on a 
scale of ‘None’ (=0), ‘Some’ (=1), and ‘High’ (=2). Figure 14 presents the distribution of the number of 
trip legs per each value of each worthwhileness element for all respondents and grouped by gender.  
Figures 12 and 13 present the same distribution this time grouped by country and by age range 
respectively. 
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Figure 12: Distribution of number of trip legs per worthwhileness elements value: (left plot) all respondents / (central plot) 
male respondents / (right plot) female respondents 

Results show that for all the worthwhileness elements, the higher number of trips is reported for the 
value of 0 (none). This can be explained because when rating the trip, E, F and P had preselected values 
of 0 and the user could skip the question without selecting a value. Thus, it is not possible to know if a 
user selected 0 or just skipped the question and left the default value. As for the other values of the 
worthwhileness elements, in general Enjoyment presents the highest number of reported trips rated 
with some or high values. On the other hand, Paid work presents the lowest number of trips reported 
in all cases. Gender distributions are quite similar with a slight tendency for female users to evaluate 
more trips with high worthwhileness for Fitness and Personal tasks than male.   

 
Figure 13: Distribution of number of trip legs per worthwhileness elements values by country (AAA – other, BEL – Belgium, 
HRV – Croatia, FIN – Finland, FRA – France, ITA – Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) 

Results among countries in general present similar distributions although some differences can be 
observed. Belgium, Norway, Croatia and France present a more balanced distribution of trips among 
the different Enjoyment values. Users in Slovakia, Croatia and Italy reported more trips with higher 
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ratings of worthwhileness for Personal tasks. It is important to note that the number of total trips is 
different for each country. Croatia is the country with the lowest number of ratings, which may be one 
reason why its distribution is very different compared to the other countries. In terms of different age 
ranges, the distributions are very similar, and no notable differences are observed. 

 
Figure 14: Distribution of number of trip legs per worthwhileness elements values by age range 

H10-Q3 What is the distribution of mood associated with trips? 

It should be noted that mood is the reflection of the users’ response to the following question in 
Woorti: "Overall, how did you feel about this trip?", which is the first mandatory question for a trip 
validation and people could report between 1 to 5 stars indicating a lousy to a great mood. 

Figure 15 presents the distribution of the number of trips associated to the mood ratings for all 
respondents. Figure 16 presents the distribution of mood ratings in both absolute and relative counts 
grouped by gender. The average score of mood reported from all users was around 4 out of 5 and most 
values were within the range of 3-5. This indicates that users tend to be positive and perhaps only 
when users had a very bad experience, they rated the mood as lousy. Distribution of trips associated 
to the mood rating are the same for all respondents, for male and for female respondents. 
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Figure 15: Distribution of number of trip legs per mood rating for all respondents 

 

 

Figure 16: Distribution of number of trip legs per mood rating by gender 

Figure 17 presents scatter plots with the average mood ratings grouped by transport category, by 
country and by age range. In all cases the average mood is between 3.7 and 4.3. The results grouped 
by transport categories present similar values of worthwhileness ratings, with walking and public 
transport long distance categories the ones with the highest average mood rating and public transport 
short distance and cycling the ones with the lowest. The countries distribution present different 
average mood rates with Croatia having the highest, again due to having a smaller sample while 
Belgium and Finland present the lowest mood rates. Finally, the lowest mood rating among the age 
ranges belongs to young people in the age range of 16 -24 years.   
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Figure 17: Mood average rating: (left plot) by transport category / (centre plot) by country (AAA – other, BEL – Belgium, HRV 
– Croatia, FIN – Finland, FRA – France, ITA – Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) / (right plot) by 
age range 

H10-Q4 What is the correlation between worthwhileness ratings and the ratings for worthwhileness 
elements? 

As described in the conceptual framework in Section 2.2 the travellers can express the perceived 
worthwhileness level according to three main types of value: enjoyment, productivity (personal tasks 
or paid work) and/or fitness. In Woorti, users are asked to rate their perception of worthwhileness 
twice, firstly as an overall valuation “Was your travel time wasted or worthwhile?” (the answer must 
be provided choosing between 1 and 5 stars, values 1 to 5) and then according to worthwhileness 
elements described above “What value did you take from your time on this part of the trip?” (the 
answer must be provided choosing between none, some or high, values of 0, 1 and 2 respectively). 
Thus, the correlation between both levels of ratings are key for the development of a possible model 
(Section 7.4) that will help to identify the impact of the present research on the VTT and the transport 
projects appraisal (Section 8).  

Figure 18 presents the correlation between the worthwhileness elements average rating on a scale of 
0 to 2 (y axis) and the worthwhileness rating on a scale of 1 to 5 (x axis) grouped by gender. All three 
plots show similar distribution. All average of the worthwhileness elements increase as higher is the 
worthwhile assessment. The only element where that trend is not clear is with the paid work 
productivity which is the less rated element and the one with less influence.  On the other hand, clearly 
the element with higher weight is the Enjoyment. It is in all cases the element that received the highest 
ratings. It may indicate that if the trip is enjoyable the user considers it worthwhile. It will be key to 
link the possible activities undertaken while traveling and the factors that contribute to the enjoyment 
of the user. There are no significant differences between male and female ratings.  
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Figure 18: Correlation between worthwhileness elements average ratings (on a scale 0 to 2, y axis) and Worthwhileness 
ratings (on a scale 1 to 5, x axis) for all respondents and by gender 

 

Figure 19: Correlation between worthwhileness elements average ratings (on a scale 0 to 2, y axis) and Worthwhileness 
ratings (on a scale 1 to 5, x axis) by country (AAA – other, BEL – Belgium, HRV – Croatia, FIN – Finland, FRA – France, ITA – 
Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) 

Figure 19 illustrates the correlation between the worthwhileness elements average rating on a scale 
of 0 to 2 (y axis) and the worthwhileness rating on a scale of 1 to 5 (x axis) grouped by country. In this 
case, results mainly indicate that people's perception of worthwhile travel time is based on the feeling 
of enjoyment and fitness that is experienced in the journey. In general, these elements present higher 
average values than productivity elements. This is the case of Belgium, Croatia, Finland, France, 
Norway and Spain. On the contrary, in other countries, such as Slovakia, Italy and Portugal, these 
elements are equally rated together with personal tasks, which in some cases are perceived even more 
important. In the case of Portugal, as seen in previous analysis, fitness is not a highly valued element. 

Figure 20 shows the correlation between travel time worthwhileness rating and age range. In this case 
all age ranges have similar distributions. In general enjoyment is the predominant element, although 
in the case of people over 65, in values of worthwhileness below 5, personal tasks and fitness 
dominate. 
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Figure 20: Correlation between worthwhileness elements average ratings (on a scale 0 to 2, y axis) and Worthwhileness 
ratings (on a scale 1 to 5, x axis) by age range 

Figure 21 presents the correlation of worthwhileness and worthwhileness elements ratings grouped 
by transport category. As expected, and in line with findings from the literature, higher average values 
of enjoyment and fitness are reported for walking and cycling categories relating to higher 
worthwhileness assessment as these elements increase. At the same time enjoyment has significant 
impact on the other transport categories sharing the spot with the possibility to do personal tasks 
while traveling on public transport or private motorised vehicles. On this transport category fitness is 
selected by very few users. 

 

Figure 21: Correlation between worthwhileness elements average ratings (on a scale 0 to 2, y axis) and Worthwhileness 
ratings (on a scale 1 to 5, x axis) by transport category 

In terms of purpose of the trip, i.e. activities to perform at destination, see Figure 22, Enjoyment and 
Fitness are the highest rated elements for almost all purposes mainly going or coming from home and 
for leisure activities. Personal tasks have the highest impact on the everyday shopping purpose while 
work purposes have more impact on the productivity (both paid work and personal tasks) but with 
higher influence of enjoyment and fitness on the trip itself. This may indicate that on commuting trips 
users prefer to enjoy the trip and perform fitness activities than actually work. 
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Figure 22: Correlation between worthwhileness elements average ratings (on a scale 0 to 2, y axis) and Worthwhileness 
ratings (on a scale 1 to 5, x axis) by purpose of the trip 

In all the cases, it is clear that there is correlation between worthwhileness elements and 
worthwhileness travel time, which was rated higher when users reported higher enjoyment, fitness 
and productivity levels while performing the trip. In Appendix 1 additional analysis of the correlations 
between worthwhileness elements and worthwhileness ratings by different groups and filters of users 
is provided. 

H10-Q5 Is there a correlation between the mood ratings at trip level and the worthwhile ratings at 
trip leg level? 

As described in the analysis of the previous questions H10-Q1 and H10-Q3, the user is approached first 
with an overall question regarding her mood concerning the completion of a trip: “Overall, how did 
you feel about this trip?”, which is to be answered on a 5-point Likert scale, using stars, from ‘Lousy’ 
to ‘Great’ asking at a trip level. However, to appropriately connect information about worthwhile or 
wasted time to specific modes of transport, the assessment of travel time must then be done at a trip 
leg level. Thus, the user is asked to select the trip leg to validate and this step is followed by the key 
worthwhileness question: “How much of your travel time do you feel was wasted?”, which is to be 
answered using the same star system as for mood, from ‘All time was wasted’ to ‘All time was 
worthwhile’. This research question intends to find a correlation between mood rating at trip level and 
the worthwhile rating at trip leg level.  

Figure 23 presents the correlation between mood and worthwhileness ratings for all respondents while 
Figure 24 presents the same correlation grouped by gender. All the cases present the same 
correlations, with the highest probability (around 30%) assigned to respondents that reported highest 
values (5) for both mood and worthwhileness. In the same way, high probabilities are also observed 
for 3 and 4 ratings which is consistent with the results expressed in the questions above. 
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Figure 23: Correlation between Mood and Worthwhileness ratings for all respondents 

 

Figure 24: Correlation between Mood and Worthwhileness ratings by gender 

Figure 25 shows the correlation between mood and worthwhileness ratings by country. Similar to the 
figures above, results for all countries present similar distributions of probabilities of correlation with 
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the higher probabilities observed for the values of 3, 4 and 5. The difference among the countries is 
whether the probabilities are more spread out or not; the extreme cases are Croatia and Finland which 
have a probability of having a value of 5 for both the mood and the worthwhileness rating of 49% and 
19% respectively. Figure 26 presents the correlation of mood and worthwhileness ratings this time 
grouped by age range. The distribution in this case is similar to the previous figures with higher 
probabilities for the higher values of both ratings. Among different age ranges no notable differences 
are observed. 

 
Figure 25: Correlation between Mood and Worthwhileness ratings by country (AAA – other, BEL – Belgium, HRV – Croatia, 
FIN – Finland, FRA – France, ITA – Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) 

 

 

Figure 26: Correlation between Mood and Worthwhileness ratings by age range 

H10-Q6 How worthwhileness ratings and worthwhileness elements change for weekdays and 
weekends? 

Regarding worthwhileness ratings, the worthwhileness elements and its correlations have been 
analysed in previous questions; H10-Q1, H10-Q2 and H10-Q4. This question refers to a specific analysis 
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of both of them related to the day of the week trips are reported. It distinguishes between weekdays 
and weekends and the question explores if the users respond differently for both types of days.  

Figure 27 presents the number of trip legs (y axis) for each worthwhileness rating value in a scale from 
1 to 5 (x axis) grouped by weekdays and weekend as well as by gender. All three plots present the same 
distribution without much differences. In general, many more trips have been evaluated on weekdays 
than on weekends, which is expected because of the higher volume of days and surely of trips per day. 
In both cases, as already noted in the previous questions, the number of trips grows as the 
worthwhileness assessment is higher. 

 

Figure 27: Distribution of trip legs per Worthwhileness ratings by weekdays for all respondents and by gender 

Figure 28 shows scatterplots of the worthwhileness average ratings grouped by country for both 
weekdays and weekends. Leaving aside the differences between the valuations of the different 
countries, already commented in previous questions, what seems clear is that overall, the average 
worthwhileness ratings is higher on weekends as opposed to weekdays. For instance, Portugal has an 
average rating of around 3.8 during weekdays and around 4.1 during weekends. Only Finland and 
France keep the same low ratings for the whole week. 

 

Figure 28: Worthwhileness average ratings by country (AAA – other, BEL – Belgium, HRV – Croatia, FIN – Finland, FRA – France, 
ITA – Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) and weekdays 

Figure 29 presents the average worthwhileness ratings for both weekdays and weekends grouped by 
age ranges. As results indicated in question H10-Q1, worthwhileness assessment increases the older 
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the age group. Although both charts have different ranges on the y axis, all age ranges reported higher 
worthwhileness ratings on weekends (between 0.1-0.2 more compared to weekdays).   

 

Figure 29: Worthwhileness average ratings by age range and weekdays vs weekend 

However, this difference observed between weekends and weekdays is minimal and one could say 
that in both cases the WTT assessment is high. One could argue that on weekdays travellers would 
report low worthwhileness values due to the rush to work and the little time available and higher 
values on weekend when people are more relaxed. At the same time, in both cases the evaluations 
have been considerably high with an average always above 3.7. 

In terms of the worthwhileness elements, Figure 30 and 31 present the distribution of the number of 
trip legs (y axis) for each value (0 to 2) of each worthwhileness element (enjoyment, fitness, paid work 
and personal tasks – x axis) for the weekdays and the weekends respectively. In this case the 
distributions seem very similar comparing those with the graph with all the results, however results 
grouped by gender present some differences. As expected, both enjoyment and fitness increase on 
weekends compared to weekdays. The evaluation of both elements is even higher for female 
compared to male. On the other hand, paid work was the least reported element, with again less trips 
reported on weekends compared to weekdays.  

 

Figure 30: Distribution of trip legs per Worthwhileness Elements ratings on weekdays per all respondents and by gender 
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Figure 31: Distribution of trip legs per Worthwhileness Elements ratings on weekends per all respondents and by gender 

Same trends can be observed when looking at the results of the respondents grouped by country, in 
Figures 32 and 33. The reporting of some or high values of enjoyment increases considerably on 
weekends for all countries while the paid work is rated as zero from the majority of respondents who 
selected this element. 

 

Figure 32: Distribution of trip legs per Worthwhileness Elements ratings on weekdays by country (AAA – other, BEL – Belgium, 
HRV – Croatia, FIN – Finland, FRA – France, ITA – Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) 
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Figure 33: Distribution of trip legs per Worthwhileness Elements ratings on weekends by country (AAA – other, BEL – Belgium, 
HRV – Croatia, FIN – Finland, FRA – France, ITA – Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) 

Figures 34 and 35 present the distribution of trip legs per worthwhileness element ratings grouped by 
age ranges for weekdays and weekends respectively. Again, the relationship of the elements between 
both types of days is maintained except for the age range over 65 where the difference between 
weekdays and weekends is practically imperceptible. It is understood that in this age range most of 
the users might be retired, so there is not much difference between weekdays and weekends. 

 

Figure 34: Distribution of trip legs per Worthwhileness Elements ratings on weekdays by age range 
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Figure 35: Distribution of trip legs per Worthwhileness Elements ratings on weekends by age range 

H10-Q8 Assess if worthwhileness ratings and worthwhileness elements change if a trip is made in an 
urban, sub-urban or rural area 

This question explores if different travel behaviour can be detected depending on the areas in which 
the users live and therefore move around. Therefore, the analysis in terms of the worthwhileness 
assessment and the valuation of the worthwhileness elements for the trips will be done for urban, sub-
urban and rural areas. To do so, GPS information (geographic coordinates) collected through the 
Woorti app was used to detect and only consider the trip legs that started and ended in the same area.  

Results related to the worthwhileness ratings are plotted considering values in terms of percentage 
with respect to the total number of legs performed in each area. Figure 36 presents the distribution of 
trip legs (y axis) reported per each worthwhileness rating (1 to 5 – x axis) grouped by urban, sub-urban 
and rural as well as by gender. Looking at the results of all the respondents about the distribution of 
worthwhileness ratings for the different areas, these are very similar with small variations of some 
percentage points. All areas have distributions with around 40% of the ratings on the highest value of 
worthwhileness being less than 15% for the lower values (1 and 2). As far as reporting by gender is 
concerned, only some differences are observed. Male respondents’ rate higher worthwhileness for 
rural trips followed by urban and rating the sub-urban as the lowest. On the other hand, female 
respondents present higher proportion for the highest worthwhileness rating of 5 for all areas (around 
45%) and value more the sub-urban trips, with rural trips being the ones with the lowest ratio.   

 

Figure 36: Distribution of trip legs per Worthwhileness ratings by urban, sub-urban or rural area for all respondents and by 
gender 

Figure 37 presents the distribution of trip legs reported per each worthwhileness rating grouped by 
urban, sub-urban and rural and by country. In this case, each country presents a unique distribution. 
The demographic and geographic structure of each country has an impact on the results as well as the 
target audience that each campaign manager has been able to reach. Belgium results show a 
predominance of high worthwhileness ratings for urban and sub-urban trips. Finland has an irregular 
distribution with the sub-urban area trips being the ones with the highest proportion of 5 star rated 
trips (40%). France presents a highlight of worthwhileness on rural trips for the maximum 
worthwhileness rating of 5 compared to the other areas in a similar way to Norway and Spain. Slovakia 
presents similar distribution of ratings for each area while Portugal reports urban and rural trips to be 
more worthwhile compared to those in sub-urban areas. 
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Figure 37: Distribution of trip legs per Worthwhileness ratings by urban, sub-urban or rural area by country (AAA – other, BEL 
– Belgium, HRV – Croatia, FIN – Finland, FRA – France, ITA – Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) 

Figure 38 presents the distribution of trip legs reported per each worthwhileness rating grouped by 
urban, sub-urban and rural and by age gender. Age groups from 25 to 49 and 50 to 64 years old present 
similar distributions and the proportion of trips increases as worthwhileness ratings for each area 
increase. Although the age range between 16 and 24 years presents similar distribution for each area, 
users of this group presented lower values of worthwhileness. Around 30% of the trips are rated as 
neither wasted nor worthwhile (value 3) and only around 35% rated as ‘all the time was worthwhile’. 
On the other hand, the older age group of 65 years old presents different distributions depending on 
the area. For that age range, the proportion of urban trips increases as higher is reported the 
worthwhileness. However, they rated as worthwhile almost 50% of sub-urban trips, while in the rural 
trips distribution is less clear.  

 

Figure 38: Distribution of trip legs per Worthwhileness ratings by urban, sub-urban or rural area by age range 

In terms of worthwhileness elements, Figure 39 shows the distribution of the number of trips per 
worthwhileness element rating grouped by urban, sub-urban and rural areas and by gender. 
Distributions of the trips among the different worthwhileness ratings are quite similar. According to 
the results of the whole sample of respondents, it appears that rural trips are rated with higher values 
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of Enjoyment and Personal tasks compared to the other areas. No notable differences are detected 
between the evaluation reported by gender. Appendix 2 contains similar analyses of the distribution 
of trips for each worthwhileness element rating grouped by urban, sub-urban and rural area and by 
country and age range. 

 

Figure 39: Distribution of trip legs per Worthwhileness Elements ratings by urban, sub-urban or rural area for all respondents 
and by gender 

7.4 VPM analysis – Influence of activities  
As shown at Table 4 earlier at Section 5.2.3 of this report, there are a number of different research 
questions related to the value proposition of mobility analysis on the influence of activities and 
experience factors on travel time worthwhileness e which are presented below together with the 
findings and interpretation.  

H12-Q1 Is there a correlation among the number of different activities and worthwhileness ratings?  

This question relates to the correlation among the worthwhileness of travel time and the capability of 
multitasking while traveling. Figure 40 presents the distribution of both, the number of legs, number 
of activities conducted while traveling and the number of legs per worthwhileness rating (from 1 to 5). 
Results of the first plot shows that most respondents didn’t report any activity, while the other 
common answers are 1, 2 or 3 activities. This could be because the Woorti App doesn’t force users to 
select an activity before moving to the next question. It is not possible to know which users did not 
perform any activity during the trip and which ones simply skipped to the next question. At the same 
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time, as pointed out in previous questions, a greater number of trips have reported higher 
worthwhileness values. 

 

Figure 40: Distribution of number of legs: (left plot) per number of activities / (right plot) per worthwhileness ratings 

Figure 41 shows the correlation between the average worthwhileness rating and the number of 
activities undertaken while traveling for all the respondents and by gender. The results give credence 
to the multitasking literature by showing that, at aggregate levels, worthwhileness assessment values 
peak when travellers felt empowered to conduct up to five different types of activities during the same 
trip leg. The number of users that reported 5 or more activities when travelling is much lower than the 
ones reported less activities, but the trend points out the same conclusion. In terms of gender, males 
seem to rate higher worthwhileness assessment while multitasking than females.   

 

Figure 41: Correlation between average worthwhileness rating and number of activities undertaken while traveling for all 
respondents and by gender 
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Figure 42 shows the correlation between the average worthwhileness rating and the number of 
activities undertaken while travelling for all the respondents filtered by transport category. In contrast 
with what was expected, users of public transport short distance reported similar worthwhileness 
levels regardless of the number of tasks undertaken while traveling whilst walking, cycling and private 
motorised categories present the increase of WTT when multitasking mainly when three or more 
activities were carried out. 

 

Figure 42: Correlation between average worthwhileness rating and number of activities undertaken why traveling for all 
respondents by transport category 

H12-Q2 What are the activities that are more frequently associated to each kind and level of 
worthwhileness value? 

This question refers to the correlation of activities and the worthwhileness elements rating. It explores 
these correlations to provide further insight into the scores given to P, F and E looking at those activities 
undertaken while travelling that can influence the perception of worthwhileness.  

Figure 43 presents the number of times each activity (y axis) is associated to each level (0,1,2) of each 
worthwhileness element (E, F, P) (x axis) for all respondents. The figure shows that the most popular 
activities are Accompanying someone, Thinking, Walking, Talking (including on the phone) and 
Listening to audio. Whilst the least reported activities are Watching, Personal Care, Reading a paper, 
Relaxed, Reading a device or eating.  

Figure 44 shows the number of times each activity is associated to each worthwhileness element rating 
by gender. Males and females present similar results in terms of most and least common activities and 
the reporting related to the enjoyment, fitness and productivity assessed. Some slight differences can 
be cited such as the reporting of fitness. Males reported some or high value of fitness (66%) with the 
activity of walking whilst the activity of accompanying was largely assessed as zero value for fitness 
(64%). Females reported the opposite in terms of the fitness carried out with these activities; 36% of 
some or high value of fitness was reported with the activity of walking and 29% of zero fitness value 
while accompanying someone. 
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Figure 43: Number of times each activity (y axis) is associated to each level (0,1,2) of each Worthiness element (E,F,P) (x axis) 
for all respondents 

 

Figure 44: Number of times each activity (y axis) is associated to each level (0,1,2) of each Worthwhileness element (E,F,P) (x 
axis) by gender      

Figure 45 presents the number of times each activity is associated to each worthwhileness element 
rating by transport mode category. Main activities for walking, cycling and private motorised transport 
categories are pretty much like the ones pointed out for the whole dataset with the exception of the 
specific activities of each transport mode category (cycling, walking, driving). The activity of driving 
(conducting the trip itself on private motorised category) was largely assessed as zero value for Fitness, 
whereas half the responses reported driving as enjoyable to some extent (a little or a lot), equal to 
those who reported zero enjoyment. This contrasts with the act of cycling itself, where the majority 
reported some or a high value of enjoyment (82%) and/or fitness (88%). Drivers however were twice 
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as much likely to report their travel as productive than cyclists, perhaps illustrating that thinking or 
making phone calls was more likely to take place when driving than cycling. Main activities in modes 
of Public transport are quite different to the other transport categories. In this case, the main reported 
activities are Browsing in the internet (including social media), Reading Device, Thinking and Listening 
to audio, which in general are largely reported with zero value for fitness and some or high values of 
enjoyment and fitness.    

 

Figure 45: Number of times each activity (y axis) is associated to each level (0,1,2) of each Worthwhileness element (E,F,P) (x 
axis) by transport category 

H12-Q3 What activities are more likely to be connected to work-related travel purposes vs leisure? 

This question refers to the correlation of activities and commuting or leisure purposes of the travel. 
Table 13 presents the top 10 most reported activities for both work-related and leisure trips. Focusing 
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on the top 5 most reported activities both lists present almost the same activities although they are 
ordered differently. While thinking, cycling and listening are the most reported activities to the work-
related trips, accompanying, talking and thinking are the main activities for leisure trips. Highlights that 
Accompanying is the most reported activity on leisure trips while Thinking is first activity in work-
related trips. In addition, it is worth mentioning that 'Talking' is only among the top 5 in leisure trips 
and not reported among top 5 in work trips. 

At first some of the activities seem switched between the two travel purposes because one may expect 
cycling or listening audio to be more leisure activities while talking or thinking more work-related. 
However, differences are not conclusive to establish a difference between activities more connected 
to one or another purpose. 

Top activities users reported most often on work-
related trips 

Top activities users reported most often on leisure 
trips 

Thinking 2790 Accompanying 2883 

Cycling 2410 Talking 1989 

Listening 2188 Thinking 1543 

Accompanying 1852 Walking 1333 

Walking 1754 Listening 1047 

Talking 1713 Cycling 914 

Browsing 908 Eating 462 

Driving 714 Driving 350 

ReadingDevice 453 Browsing 346 

Relaxing 382 PersonalCare 230 

Table 13: Most often reported activities done on work-related and leisure trips 

7.5 A summary of the most significant results 
This section presents the most notable findings in all the results of the data analysis, to assess 
worthwhile travel time from a user perspective via a smartphone-based data collection. Results from 
data collected, offers a wealth of actionable information which may be particularly relevant to steer 
transport operator investments in improving the overall quality of travel. Unique insights are extracted 
per transport category, per region or per socio-demographic groups on the worthwhileness of the 
journey experience.  

7.5.1 Multi-criteria clustering and behavioural patterns 

Users have been modelled according to their mobility and understanding of correspondence of their 
preferences and actual travel behaviour. To do so, the proposed user profiling approach based on 
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dimensionality reduction and clustering techniques were applied to explicitly express users’ 
preferences and the data coming from their mobility behaviour. Then, an algorithm to match the 
profiles has been proposed, to understand how users' intentions fit with their actual behaviour. 

Results show differences between user expectations when planning a journey and their travel choices. 
69% of the users migrate from an onboarding profile to a profile with more significant differences with 
respect to the profile describing their preferences. In other words, users' overestimate their 
preferences for specific mobility modes that, in general, yield a lower return in terms of the 
worthwhileness of their trip, and that the matching between preferences and behaviour reveal that 
the same user ends up being characterised in very different ways when comparing their intentions 
with their actual usage of transport. 

7.5.2 VPM analysis – perception of worthwhileness travel time 

In the part focused the perception of worthwhileness travel time, it was found that users consider the 
travel time as worthwhile. The median score of worthwhileness reported from all users was around 4 
out of 5 and most values were within the range of 3-5. It may indicate that they report lower values 
(1-2) as wasted travel time only when they had a bad experience while travelling. This trend does not 
change when observing the worthwhileness ratings across different transport categories, age groups, 
genders or countries. 

However, these results should be interpreted with caution. Respondents themselves selected which 
trip leg they would provide feedback on. Therefore, values may be exaggerated – either positively or 
negatively, assuming the trip leg was selected because it was the most memorable. At the same time 
data does not reveal if the trip leg was part of a longer, possibly multimodal trip. Thus, data does not 
reveal if other trip legs may have influenced in some way the assessment.  

The analysis performed related to mood ratings showed that the average score of mood reported from 
all users was around 4 out of 5 and most values were within the range of 3-5. This indicates that users 
tend to be positive and perhaps only when users had a very bad experience, they rated the mood as 
lousy. In addition, there was no correlation found between the distribution of trips associated to the 
mood rating and the gender. Regarding results by gender, transport mode categories, country and age 
range in all cases average mood rating was between 3.7 and 4.3. Walking and public transport long 
distance were found as higher mood ratings among transport mode categories. In addition, it was 
found that mood rated for the whole trip has a direct relation with the worthwhileness rating at trip 
leg level. The results have shown that regardless of the grouping of the data, there are 30% of the users 
who have reported highest values (5) for both mood and worthwhileness. 

Data analysis showed that among the worthwhileness elements, enjoyment presents the highest 
number of reported trips rated with some or high values. On the other hand, Paid work presents the 
lowest number of trips reported in all cases. Gender distributions are quite similar, with a slight 
tendency for female users to evaluate more trips with high worthwhileness for Fitness and Personal 
tasks than male. Results showed direct correlation among worthwhileness elements and 
worthwhileness assessment. Worthwhileness assessment was rated higher when users reported 
higher enjoyment, fitness and productivity levels while performing the trip. The only element where 
that trend is not clear is with the paid work productivity which is the less rated element and the one 
with less influence.  On the other hand, clearly the element with higher weight is the Enjoyment. It is 
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in all cases the element that received the highest ratings. It may indicate that if the trip is enjoyable 
the user considers it worthwhile. It will be key to link the possible activities undertaken while traveling 
and the factors that contribute to the enjoyment of the user. No significant differences were found 
between male and female ratings.  

Looking at different transport mode categories higher average values of enjoyment and fitness were 
reported for walking and cycling categories relating to higher worthwhileness assessment as these 
elements increase. At the same time enjoyment presented significant impact on the other transport 
categories sharing the spot with the possibility to do personal tasks while traveling on public transport 
or private motorised vehicles. On these transport categories fitness was selected by very few users. 

Enjoyment and Fitness were the highest rated elements for almost all purposes, mainly going or 
coming from home and for leisure activities. Personal tasks showed the highest impact on the everyday 
shopping purpose, while work purposes had more impact on the productivity (both paid work and 
personal tasks) but with higher influence of enjoyment and fitness on the trip itself. This may indicate 
that on commuting trips users prefer to enjoy the trip and perform fitness activities than actually work.  

The analysis done by country indicated that people's perception of worthwhile travel time is based on 
the feeling of enjoyment and fitness that is experienced in the journey. In general, these elements 
presented higher average values than productivity elements. This was the case of Belgium, Croatia, 
Finland, France, Norway and Spain. On the contrary, in other countries, such as Slovakia, Italy and 
Portugal, these elements were equally rated together with personal tasks, which in some cases was 
perceived even more important. In the case of Portugal, fitness was not a highly valued element 

Data analysis performed among weekdays and weekend showed that, as expected, many more trips 
have been evaluated on weekdays than on weekends. In both cases, the number of trips grows as the 
worthwhileness assessment is higher. It was found that overall, the average worthwhileness ratings 
are higher on weekends as opposed to weekdays. One could argue that on weekdays travellers would 
report low worthwhileness values due to the rush to work and the little time available and higher 
values on weekend when people are more relaxed. At the same time, in both cases the evaluations 
have been considerably high with an average always above 3.7. 

The distribution of trips for each value of each worthwhileness element showed that both enjoyment 
and fitness increase on weekends compared to weekdays. The evaluation of both elements is even 
higher for female compared to male. On the other hand, paid work was the least reported element, 
with again less trips reported on weekends compared to weekdays. 

Looking at different age ranges worthwhileness assessment increased the older the age group. Again, 
the relationship of the elements between both types of days is maintained except for the age range 
over 65 where the difference between weekdays and weekends is practically imperceptible. It is 
understood that in this age range most of the users might be retired, so there is not much difference 
between weekdays and weekends. 

Data analysis about the distribution of worthwhileness ratings for the different areas, showed that 
results are very similar with small variations. All areas presented distributions with around 40% of the 
ratings on the highest value of worthwhileness (5) being less than 15% for the lower values (1 and 2). 
As far as reporting by gender is concerned, male respondents’ rate higher worthwhileness for rural 
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trips followed by urban and rating the sub-urban as the lowest. On the other hand, female respondents 
presented higher proportion for the highest worthwhileness rating of 5 for all areas (around 45%) and 
value more the sub-urban trips, with rural trips being the ones with the lowest ratio. 

Looking at different regions, each country showed a unique distribution. The demographic and 
geographic structure of each country had an impact on the results as well as the target audience that 
each campaign manager has been able to reach.  

7.5.3 VPM analysis – perception of worthwhileness travel time 

Activities that a user was able to conduct while traveling can be seen as actual evidence of worthwhile 
or wasted time. When data analysed based on number of activities performed while traveling, it was 
shown that at aggregate levels users bet on multitasking. Worthwhileness assessment values peaked 
when travellers felt empowered to conduct up to five different types of activities during the same trip 
leg. 

In the part focused on activities related to worthwhileness elements ratings, it was found that 
Accompanying someone, thinking and walking are the most popular activities while travelling. The 
results indicate slight differences in the activities performed and the reporting of enjoyment, fitness 
and productivity by gender. Males reported some or high value of fitness (66%) with the activity of 
walking whilst the activity of accompanying was largely assessed as zero value for fitness (64%). 
Females reported the opposite in terms of the fitness carried out with these activities. Regarding the 
type of transport mode category, the activity of driving (conducting the trip itself on private motorised 
category) was largely assessed as zero value for Fitness, whereas half the responses reported driving 
as enjoyable to some extent (a little or a lot), equal to those who reported zero enjoyment. This 
contrasts with the act of cycling itself, where the majority reported some or a high value of enjoyment 
(82%) and/or fitness (88%). Drivers however were twice as much likely to report their travel as 
productive than cyclists, perhaps illustrating that thinking or making phone calls was more likely to 
take place when driving than cycling. Main activities in modes of Public transport are quite different to 
the other transport categories. In this case, the main reported activities are ICT-related activities like 
Browsing in the internet (including social media) or Reading Device, which in general are largely 
reported with zero value for fitness and some or high values of enjoyment and fitness. 

The data analysis performed among activities performed by commuting or leisure purposes showed 
that Accompanying is the most reported activity on leisure trips while Thinking is first activity in work-
related trips. Looking at the top 5 most reported activities both lists presented almost the same 
activities although they were in a different order. Except for Talking which was only among the top 5 
in leisure trips and not reported among top 5 in work trips. 
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8. Worthwhileness Index model  
This section presents the theoretical and empirical formulation followed to develop a first model for a 
worthwhileness index calculation. Pros and cons of the model developed are also discussed. 

8.1 Theoretical WI formulation  

MoTiV, via the Woorti app, collected data on how worthwhileness of travel time is perceived by 

people. The overall worthwhileness is being assessed, but also in particular the connection to three 

primary uses of time: productivity, fitness and enjoyment. Therefore, there are several metrics that 
could be derived which could connect the research to the concept and estimation of VTT and integrate 

into traditional cost-benefit analysis (CBA) for appraisal. For instance, in relation to the theory 
mentioned in Section 3: 

● w*: the % of travel time that is worthwhile. However, the precise definition would have to be 
different, in accordance with the specific wording of the Worthwhileness question in the 
Woorti app. Thus, it is yet to decide what the best definition of a ‘w*’ parameter would be, 
given that the Woorti question was not specifically capturing the % of worthwhile travel time. 

● Enjoyment (E), Productivity (P), and Fitness (F): Similar style parameters, specific to the three 
sub-components of worthwhile travel time, may be derived from the data. 

● At a higher level, it can be explored how the overall WI could fit into the VTT equation. 
However, at a first glance, it seems more likely that sub-components of WI (e.g. p) could have 
a better fit. 

In this case, the Worthwhileness Index (WI) is the metric to transform the concept of worthwhileness 
into practice. This index can be defined as a computed measure of changes in travel experience that 
vary according to different factors (mode, experience factors, activities undertaken while travelling). 
This measure is represented as a function of three elements: Productivity (subdivided in two: paid work 
- Pw and personal tasks - Pp), Fitness (F) and Enjoyment (E). Thus: 

𝑊𝐼 = 𝑓(𝑃, 𝐹, 𝐸)       (5) 

For this function, we can distinguish two layers of analysis  

● Primary layer of analysis: mode and purpose, implying that a WI can be calculated as a 
function of the three worthwhileness elements (P, F and E) by transport categories (WI_ 
private_motorised, WI_walking…) or by purpose (WI_work, WI_leisure).  

● Secondary layer of analysis: experience and activities. These variables can provide further 
insight into the scores given to P, F and E, by looking at those experience factors and activities 
undertaken while travelling that can influence the perception of worthwhileness.  

Other implicit variables in the dataset are travel time or distance. Travel time is often explored in VTT 
studies to understand how VTT varies by journey length. It is likely that travel time can play a significant 
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role in WI as well, and it is a level of analysis which could have important implications for transport 
models. 

There are three worthwhileness elements with value scores for each leg of a trip, including transfers. 
These variables form the worthwhileness score for a leg, defined as wi(l), which is more specific. They 
are: 

● Productivity 
o Personal Tasks 
o Paid Work 

● Enjoyment 
● Fitness 

The aggregation of the wi(l) for all legs of a trip form the overall worthwhileness score (WI). Thus, 
developing the equation 5, the Worthwhileness Index for a trip (j) could be given by: 

𝑊𝐼(𝑗) =
∑ ∈ ( )∙ ( )

∑ ∈ ( )
, with 𝑤𝑖(𝑙) = 𝑤𝑖(𝑙) = 𝑐 ∙ 𝑤 + 𝑐 ∙ 𝑤 + 𝑐 ∙ 𝑤   (6) 

, where  

 l is a leg or transfer as part of trip j 

 t(l)  is the time spent on leg in transport mode m 

 wi(l)  is the worthwhileness index for a leg in transport mode m. 

 wx  is the score attributed to the x worthwhileness element in transport mode m 

 cx  is the weight to worthwhileness element x obtained from travellers’ self-reported 
  ex-post assessment  

 vf  is a fixed value associated with the leg or transfer 

As described in Section 7.1, to appropriately connect information about worthwhile time to specific 
modes of transport, the assessment of travel time must then be done at a trip leg level. Therefore, the 
WI can only be explored at ‘leg level’ (WI_leg) and not for the overall trip (WI_trip). The WI_leg can be 
defined as the measure of worthwhile travel time during a trip made by a single transport mode as 
follows: 

𝑤𝑖(𝑙) =
∙ ∙ ∙ ∙ ∙ ∙

( )
       (7) 

, where  

 t(l) is the time spent on leg 

 tx  is the time perceived of the x worthwhileness element during the leg 

At the same time, as this equation states, the ideal model would consider the amount of time of 
enjoyment, fitness and productivity during the trip in order to get the best possible approach to a 
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Worthwhileness Index of that trip. The Woorti app records the trip duration and detects the transport 
mode based on measurements from the mobile phone sensors. In addition, the Woorti app collects 
data on trip purpose, worthwhile vs wasted time, activities while travelling and factors that contributed 
to the travel experience through questions direct to the user once the trip is completed. Although all 
that data, the proportion of time perceived as enjoyment, fitness and/or productivity is not recorded. 
This was considered too cognitively demanding for the app-based survey. 

With all these statements in mind, a first approximation to the calculation of the Worthwhileness Index 
is as follows: 

𝑤𝑖 = 𝑐 ∙ 𝑤 + 𝑐 ∙ 𝑤 + 𝑐 ∙ 𝑤         (8) 

At the same time the worthwhileness elements depend on the Experience factors and the Activities 
that can be carried out during the trip. That second layer of analysis would provide that further insight 
on the perception of worthwhileness. Being able to establish that relation would provide tools to 
decide how to build proper transport infrastructures that increase the worthwhileness of travel time, 
in other words, the value of travel time of the users. This theoretical relation between worthwhileness 
elements and activities and experience factors is: 

𝑤 =  ∑ 𝑚 ∙ 𝑓 + ∑ 𝑞 ∙ 𝑎      (9) 

Where 

wx is the score attributed to the x worthwhileness element in mode m by user 

mx is the weight to each experience factor related to the x worthwhileness element. 

fx is the experience factor related to the x worthwhileness element. 

qx is the weight to each activity related to the x worthwhileness element. 

ax is the activity related to the x worthwhileness element. 

On the Woorti app evaluation of factors was asked in a way that the same factors can contribute to 
either travel time worthwhileness, wastedness, or both: “Which factor(s) most contributed to your 
time feeling Wasted and/or Worthwhile?”. In terms of activities after being asked about the 
worthwhileness elements, the app asked the user “What exactly did you do and value?”, with the 
possibility to select up to 11 pre-set and generic activity choices that include both add-on and built-in 
activities. MoTiV is interested in the value of those activities and the influence of the factors on the 
WTT however it is complex at this stage to model this second layer of analysis due to the complexity 
of the data recorded itself.   

8.2 Empirical WI formulation  
Given the Woorti data, WI theoretical formulation is transformed into a qualitative index measured in 
a numerical scale. This scale could go from 1 to 5 (as in Woorti) or be scaled to take a value between 0 
and 1. The latter option resembles more the concept of productivity of time.  
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A preliminary analysis was done running a linear regression (for different transport modes) using a 
sample of data from Woorti, based on equation 8 as follows: 

𝑤𝑖(𝑙) = 𝐸𝑛𝑗𝑜𝑦𝑚𝑒𝑛𝑡 + 𝐹𝑖𝑡𝑛𝑒𝑠𝑠 + 𝑃𝑎𝑖𝑑 + 𝑃𝑒𝑟𝑠𝑜𝑛𝑎𝑙  

𝑤𝑖(𝑙) = 𝑐 ∙ 𝑤 + 𝑐 ∙ 𝑤 + 𝑐 ∙ 𝑤 + 𝑐 ∙ 𝑤  

Results are presented in the following table: 

 Ce 
Enjoyment 

Cf 
Fitness 

Cpw 
Paid_work 

Cpt 
Personal_tasks 

All transport modes 0.4 0.29 0.23 0.3 

Walking 0.35 0.24 0.14 0.23 

car 0.5 0.14 0.35 0.37 

bicycle 0.39 0.35 0.31 0.29 

bus 0.46 -0.01 0.14 0.55 

Table 14: Worthwhileness elements weights from linear regression by transport mode 

The following figure illustrates the average values of the worthwhileness elements (Enjoyment, 
Fitness, Paid Work and Personal Tasks) for selected transport modes.  

 

 

Figure 46: Average worthwhileness elements by transport mode from linear regression model 

This preliminary analysis pointed out some issues with the way questions were being asked in Woorti 
app early on that lead to some data inconsistencies from what expected; Fitness while on a car should 
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be zero. This was showing that probably some people were thinking about the wider trip or the 
destination when reporting on the value of a leg, which would be possible: e.g. my 10-minute car-trip 
to the gym was worth it on Fitness because it enabled me to exercise at destination. Paid work in a car 
would arguably be expected to be very low (should potentially be compared with rail figure). An 
unexpectedly high impact of paid work on WI_car might suggest that some people are driving in the 
course of work/business, and thus from their perspective “they are working”, as they might even be 
charging for their travel time (e.g. blue-collar business trips). In order to solve it some clarifications 
were made on the headings of the relevant questions that the requested Worthwhileness score refers 
to “leg time itself” (no other legs and not related to destination). 

At the same time some considerations were considered in order to develop a better and more 
consistent model: 

● Linear regression techniques are the most fundamental methods available for predictive modelling 

that describes the relationship between two or more measures such as the worthwhileness 
elements.;. T. For instance, the marginal impact of P may be higher (or lower) on WI if a trip is 
jointly productive and enjoyable; this could be picked up by an additional term (𝑐 ) that 
multiplies the interaction of Wp and We, in a simple fashion as follows: 

𝑤𝑖(𝑙) = 𝑐 ∙ 𝑤 + 𝑐 ∙ 𝑤 + 𝑐 ∙ 𝑤 + 𝑐 ∙ 𝑤 ∙ 𝑤       (10) 

● More generally, what is the expectation around the interdependencies across P, F and E, and 
the total impact on WI? For example, one may define WI in such a way that if at least one out 
of 3 categories get the highest score, the WI will also take the highest score. Of course, this 
type of questions will be answered by the data; but for that to happen, the data must be 
interrogated with the right models. 

● Another exploratory approach should be not to treat the worthwhileness elements as 
continuous, but as dummies variables. In fact, there are only 3 levels for each, so the analysis 
should still be simple. In that way, it will get Cxz coefficients that are specific to each ‘z’ level 
of the Wx element (None, Some, High). This will also help to understand the impact of non-
linearities upfront: e.g. whether the ‘High’ category, relative to ‘Some’, makes a bigger 
difference on WI than the jump from ‘None’ to ‘Some’, even if ‘High’ is only chosen by the user 
for one element out of four. 

● Similarly, interactions across such a level of analysis (dummies), will add flexibility and deepen 
the understanding early on (e.g. whether the combination of ‘Some’ for various elements 
which makes more or less impact than one element with High score only). It would be expected 
high WI even if only one element had the ‘High’ score, and this could be more easily explored 
with such more detailed specification. 

Indeed, the main goal of a linear regression model is to study the relations between the independent 
variables and a continuous dependent variable. In this case the dependent variable (i.e., the 
worthwhileness ratings) is not continuous but it is ordinal, i.e., it is a categorical variable for which the 
possible values can be ordered. That being said, the WI model was approach with an Ordinal Logistic 
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Regression15. In this way, given some specific input values of E, F and P, the model is able to retrieve 
the probability associated to each possible value of worthwhileness (1-5). 

8.2.1 The model 

Before going deeper into the details about the results, we will give you an idea of how the model 
behaves. Let Y be an ordinal outcome with J categories. Then 𝑃(𝑌 ≤ 𝑗) is the cumulative probability 
of Y less than or equal to a specific category, for j=1,..., J-1. Note that 𝑃(𝑌 ≤ 𝐽)  = 1).  

The odds of being less than or equal to a particular category can be defined as: 

      (11) 

The log odds are also known as the logit, so that: 

     (12) 

The ordinal logistic regression model can be defined as shown in the formula below.  

   (13) 

for j=1,...,J-1 and p predictors (or covariates).  

In R the model is parametrized in the following way:  

   (14) 

where 𝜂𝜂𝜂𝜂𝜂 =  −𝛽 . 

In our case, the variable Y is the worthwhileness, the J categories correspond to the 5 possible ratings 
(from 1 to 5) and the predictors are the variables related to Enjoyment, Productivity and Fitness.  

Results  

The Ordinal Logistic Regression was implemented with data of 52,841 legs. Among those legs, the 
following table shows the repartition among each worthwhileness rating. 

Worthwhileness 
Rating 

Legs 

1 2505 

2 4195 

 
15 https://en.wikipedia.org/wiki/Ordered_logit 
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3 12293 

4 13736 

5 20112 

Table 15: Distribution of legs per worthwhileness rating 

Figure 47 presents the coefficients and intercepts of the WI model. Its interpretation is as follows:   

● Enjoyment1 is the coefficient to apply when the value of E is equal to 1, Enjoyment2 is the 
coefficient to apply when the value of E is equal to 2, etc.  

● E0, F0 and P0 are considered the “baseline” values so its coefficient is 0.  
● The intercept 1|2 is the intercept that will be used to compute the 𝑃(𝑌 ≤ 1), the intercept 

2|3 is the intercept that will be used to compute the 𝑃(𝑌 ≤ 2), etc. 

 

Figure 47: Coefficients and Intercepts of the WI Model based on Ordinal Logistic Regression 

Each coefficient has to be interpreted in relation with the baseline that is 0 for Enjoyment, Productivity 
and Fitness. It makes sense that all the coefficients related to the value 2 are higher since the impact 
on the probability will be higher.  

Example 1. Interpretation of coefficients.  

For the legs with a very high value for Enjoyment (Enjoyment2), the log odds of rating the trip very low 
(worthwhileness value equal to 1) is -2.01 (remembering the relation 𝜂 =  −𝛽 ), or 2.01 points lower 
than legs with a level of Enjoyment equal to 0 (the baseline).  

Assuming the baseline values for Productivity and Fitness (equal to 0) and a value of Enjoyment equal 
to 2, the probability of having a rating very low for the worthwhileness will be:  

𝑙𝑜𝑔𝑖𝑡(𝑃(𝑌 ≤ 1))  = -2.02 (this is intercept 1|2) - 2.01 (coefficient of Enjoyment2) 
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Example 2. If we have the following input values of P, E and F:  

E=1, P=1, F=1 

The model is computed P(Y<=1) as: 

𝑙𝑜𝑔𝑖𝑡(𝑃(𝑌 ≤ 1))  = -2.02 (this is intercept 1|2) - 0.47 (this is Enjoyment1) - 0.33 (this is Fitness1) - 
0.45 (this is Productivity1). 

Hence,  

𝑙𝑜𝑔𝑖𝑡(𝑃(𝑌 ≤ 1))  = -3.27 

The probability can be obtained from the logit following this formula: 

𝑃(𝑌 ≤ 1)  =  𝑃(𝑌 = 1)  =  𝑒𝑥𝑝(−3.27) / (1 + 𝑒𝑥𝑝(−3.27))  = 0.036  

Note that: 

- 𝑃(𝑌 ≤ 2)  =  𝑃(𝑌 ≤  2)  −  𝑃(𝑌 ≤ 1) 

- 𝑃(𝑌 ≤ 3) = 𝑃(𝑌 ≤ 3) − 𝑃(𝑌 ≤ 2) 

- … 

The model computes this probability for each possible value of Y (worthwhileness from 1 to 5) and 
then predicts the value with the highest probability. Table 16 presents the probabilities for each 
worthwhileness rating (1 to 5) for Example 2 (E=1, P=1, F=1). The sum of the probabilities is equal to 1 
and the model will pick the class with highest probability as the "predicted class". In this case, the 
model will provide the WI = 4 as the highest probability.  

 1 2 3 4 5 

Probabilities 0,036 0,069 0,255 0,325 0,316 

Table 16: Probabilities for each Worthwhileness rating result of the model calculation for E=1, P=1 and F=1.  

The model was trained and tested. The MSE (Mean Square Error) and the RMSE (Root Mean Square 
Error) are provided as metrics to measure the efficiency of the model. Both metrics range between the 
interval [1,5] (similar to the worthwhileness index). Using RMSE and MSE as metrics is a good idea 
since the classes are ordinal. In this case, there is a natural order between the categories and missing 
by one class is better than missing by two or more and the MSE takes this into account. RMSE: 
1.118193. MSE: 1.250355 

Thus, the model can provide 27 different possible combinations of Enjoyment, Fitness and Productivity 
(considering different combinations of 3 variables assuming values in {0,1,2}). The table below presents 
the probabilities of each worthwhileness element and the "predicted class" of worthwhileness index, 
for any possible combination of Enjoyment, Fitness and Productivity.  

Enjoyment Fitness Productivity Predicted wt1 wt2 wt3 wt4 wt5 

0 0 0 3 0.117 0.177 0.372 0.219 0.115 
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1 0 0 3 0.076 0.129 0.347 0.274 0.173 

0 1 0 3 0.086 0.143 0.358 0.259 0.154 

0 0 1 3 0.056 0.101 0.313 0.304 0.226 

1 1 0 3 0.077 0.131 0.349 0.272 0.171 

0 2 0 3 0.057 0.102 0.316 0.303 0.223 

0 1 1 4 0.050 0.091 0.299 0.312 0.248 

0 0 2 4 0.036 0.069 0.255 0.325 0.316 

2 0 0 5 0.017 0.035 0.157 0.296 0.495 

1 0 1 5 0.012 0.026 0.121 0.263 0.578 

0 2 1 5 0.029 0.057 0.226 0.324 0.363 

0 1 2 5 0.018 0.037 0.165 0.301 0.478 

2 1 0 5 0.004 0.008 0.045 0.132 0.811 

1 2 0 5 0.011 0.023 0.110 0.249 0.607 

2 2 0 5 0.008 0.017 0.083 0.210 0.683 

2 0 1 5 0.019 0.038 0.167 0.303 0.474 

1 1 1 5 0.012 0.024 0.116 0.257 0.591 

2 1 1 5 0.003 0.005 0.029 0.092 0.871 

1 2 1 5 0.025 0.050 0.205 0.320 0.399 

2 2 1 5 0.016 0.032 0.147 0.288 0.516 

1 0 2 5 0.003 0.007 0.039 0.118 0.833 

2 0 2 5 0.018 0.037 0.163 0.300 0.481 

1 1 2 5 0.011 0.024 0.113 0.254 0.598 

2 1 2 5 0.002 0.005 0.028 0.090 0.874 

0 2 2 5 0.006 0.012 0.064 0.174 0.744 

1 2 2 5 0.004 0.008 0.041 0.124 0.823 
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2 2 2 5 0.001 0.002 0.009 0.032 0.956 

Table 17: Worthwhileness probabilities and predicted class for each combination of worthwhileness elements ratings 

Results of the model show that the lowest value of worthwhileness that the model predicts is 3, which 
means that it never predicts 1 or 2. In a way this is not totally surprising given that, looking at the 
distribution of the worthwhileness values (see Table 17), the percentage of legs having 
Worthwhileness of 1 or 2 is only 12%. The following table presents the distribution of trip legs having 
E, F and P all equal to 0. This distribution presents that 58% of the times a user rated 0 for E, F and P, 
she rated worthwhileness higher than 2. This can be explained because when rating the trip, E, F and 
P have preselected values of 0 and the user could skip this step without forcing her to select a rate. On 
the other hand, worthwhileness rate must be selected between 1 to 5 to move forward. 

Worthwhileness 
Rating 

Legs 

1 1442 

2 1082 

3 1748 

4 776 

5 926 

Table 18: Distribution of legs per worthwhileness rating with E=0, P=0 and F=0 

Cleaning the data 

In order to solve this issue of data inconsistency a cleaning of data was performed. All the legs with 
E=0, P=0, F=0 and with a worthwhileness rating higher than 2 were removed from the observations. 
The assumption made is that in these cases, the 0-value assigned to the worthwhileness ratings is the 
default one and not actually inserted by the user. In the table below, there is the new distribution of 
legs for each worthwhileness rating.  

Worthwhileness 
Rating 

Legs 

1 2505 

2 4195 

3 10545 

4 12960 

5 19186 

Table 19: Distribution of legs per worthwhileness rating of cleaned data 
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Figure 48 below presents the coefficients and intercepts for the model with the cleaned data and Table 
20 shows the probabilities and predicted class for each combination of worthwhileness elements 
ratings. The tables with the probabilities by transport categories can be found in Appendix 3.   

 

Figure 48: Coefficients and Intercepts of the WI Model based on Ordinal Logistic Regression of cleaned data 

Enjoyment Fitness Productivity Predicted wt1 wt2 wt3 wt4 wt5 

0 0 0 3 0.174 0.241 0.343 0.168 0.073 

1 0 0 3 0.091 0.161 0.346 0.259 0.142 

0 1 0 3 0.011 0.185 0.354 0.233 0.118 

0 0 1 3 0.091 0.162 0.347 0.258 0.142 

1 1 0 4 0.056 0.11 0.302 0.313 0.022 

0 2 0 4 0.036 0.076 0.246 0.335 0.308 

1 0 1 4 0.045 0.093 0.277 0.326 0.259 

0 1 1 4 0.056 0.011 0.302 0.312 0.219 

2 0 0 5 0.002 0.044 0.169 0.318 0.449 

2 1 0 5 0.012 0.027 0.113 0.268 0.581 

1 2 0 5 0.017 0.039 0.152 0.307 0.485 

2 2 0 5 0.004 0.008 0.039 0.127 0.822 
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2 0 1 5 0.001 0.022 0.095 0.242 0.631 

1 1 1 5 0.027 0.059 0.208 0.333 0.372 

2 1 1 5 0.006 0.013 0.006 0.177 0.744 

0 2 1 5 0.017 0.039 0.153 0.307 0.483 

1 2 1 5 0.008 0.019 0.084 0.225 0.664 

2 2 1 5 0.002 0.004 0.019 0.069 0.906 

0 0 2 5 0.028 0.061 0.212 0.334 0.365 

1 0 2 5 0.013 0.031 0.125 0.282 0.549 

2 0 2 5 0.003 0.007 0.031 0.104 0.856 

0 1 2 5 0.017 0.037 0.148 0.304 0.494 

1 1 2 5 0.008 0.018 0.081 0.219 0.674 

2 1 2 5 0.002 0.004 0.018 0.066 0.091 

0 2 2 5 0.005 0.012 0.054 0.164 0.765 

1 2 2 5 0.002 0.006 0.027 0.092 0.873 

2 2 2 5 0 0.001 0.006 0.021 0.971 

Table 20: Worthwhileness Probabilities and predicted class for each combination of worthwhileness elements ratings.  

Despite the cleaning process of data described above, it can be seen on the results that the distribution 
is still unbalanced. Coefficients of the model and probabilities are slightly different but the ratings of 1 
and 2 are still underrepresented in the dataset and therefore the model is not able to predict them. 
Table 21 below presents the probabilities for a leg rating with E=0, P=0 and F=0 and this issue is clearly 
represented.  

 1 2 3 4 5 

Whole data 0.117 0.177 0.372 0.219 0.115 

Cleaned data 0,174 0,241 0,343 0,0168 0,078 

Table 21: Comparison between the whole and the cleaned data of the probabilities for each Worthwhileness rating result of 
the model calculation for E=0, P=0 and F=0 with cleaned data  

Balancing the data 

In order to overcome the issue of unbalanced data, some sampling techniques can be applied that will 
balance the dataset. In particular, the objective is to generate observations for the first and the second 
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categories of worthwhileness ratings since they are underrepresented and then run again the 
algorithm.  

The methods used to balance the dataset adding observations to the underrepresented categories are 
called “Sampling Methods”. The main aim is to modify an imbalanced dataset altering the size of some 
specific groups in order to obtain balanced proportions in the data. Two approaches can be followed:  

● undersampling: can be applied on the majority class, reducing the number of observations in 
the overrepresented class. 

● oversampling: can be applied on the class with less elements, replicating some observations 
until a balance is reached.  

Both approaches have some drawbacks. Undersampling can result in losing important information 
related to the majority class, while oversampling can lead to overfitting in the training phase. 

These sampling methods were applied to balance the dataset looking at the distribution of the 
worthwhileness variable. Remembering the distribution, categories 1 and 2 were considered 
underrepresented and it was necessary to oversample them while categories 4 and 5 can be 
considered overrepresented and an undersampling method can be applied.  

Starting from the cleaned dataset, the idea was to balance the data in order to obtain about 10,000 
observations in each category. The distribution of legs per worthwhileness ratings resulting from the 
balancing of data is as follows: 

Worthwhileness 
Rating 

Legs 

1 10460 

2 10160 

3 10545 

4 10155 

5 10155 

Table 22: distribution of legs per worthwhileness rating of balanced data 

The model was applied again with the balanced data resulting in the following coefficients and 
intercepts and probabilities and worthwhileness predicted values.   
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Figure 49: Coefficients and Intercepts of the WI Model based on Ordinal Logistic Regression of balanced data 

As in the previous case, below is presented a Table that shows the probabilities for a leg rating with 
E=0, P=0 and F=0 for the three cases modelled; whole, cleaned and balanced datasets. 

 1 2 3 4 5 

Whole data 0.117 0.177 0.372 0.219 0.115 

Cleaned data 0,174 0,241 0,343 0,0168 0,078 

Balanced data 0.511 0.283 0.132 0.053 0.020 

Table 23: Comparison between the whole, cleaned and balanced dataset of the probabilities for each Worthwhileness rating 
result of the model calculation for E=0, P=0 and F=0 with cleaned data  

In this case the results are quite different, presenting predictions more related with what would be 
expected. Ratings 1 and 2 are predicted at some of the lowest ratings of the worthwhileness elements. 
Table 23 shows that when E, F and P are considered 0 the balanced model predicts Worthwhileness 
rate of 1. The probabilities for the whole combination of worthwhileness elements is presented in 
Table 24 while the results for each of the transport categories can be found in Appendix 4.  In order to 
evaluate the robustness of the model, it was tested with a subset. Results are presented in the figure 
below. All the values on the diagonal correspond to correct predictions. The first cell (0.713) can be 
interpreted as: 71% of times, the model correctly predicts 1. Similarly, the second cell of the first row 
(0.171) means that 17% of times the model predicts 2 but the correct answer is 1.  

 

 

Figure 50: Predictions probability of the balanced model 
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8.2.2 Worthwhileness Index 

The model presented provides predictions of probability for each combination of worthwhileness 
elements, extracting the rating with the highest probability as the predicted worthwhileness rating for 
a specific combination of Enjoyment, Productivity and Fitness. This allows to determine the rating of 
worthwhileness on an ordinal value (1, 2, 3, 4 or 5) as allows the Woorti app to rate based on the 
worthwhileness elements rating. 

However, it is possible to get a qualitative index measured into a numerical continuous scale from the 
model. As proposed in the theoretical approach this scale can go from 1 to 5 or be scaled to take a 
value between 0 and 1 which resembles more to the common concept of productivity of time.  

To do so, the average formulation of the predicted probabilities of trips for each given combination of 
E, P and F was applied. The following table presents the probabilities and predicted worthwhileness 
rating for all the combinations of worthwhileness elements for the balanced data and the 
worthwhileness index both from 1 to 5 scale (WI5) and normalised to 0 to 1 scale (WI1).   

Enjoyment Fitness Productivity Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0.511 0.283 0.132 0.053 0.02 1,785 0,357 

1 0 0 2 0.218 0.289 0.264 0.158 0.071 2,575 0,515 

0 1 0 2 0.293 0.312 0.229 0.118 0.049 2,321 0,4642 

0 0 1 2 0.261 0.305 0.244 0.133 0.057 2,42 0,484 

1 1 0 3 0.099 0.19 0.282 0.267 0.161 3,198 0,639 

0 2 0 3 0.129 0.225 0.288 0.232 0.125 2,996 0,599 

0 1 1 3 0.122 0.218 0.288 0.24 0.132 3,042 0,608 

0 0 2 3 0.11 0.204 0.286 0.254 0.146 3,122 0,624 

2 0 0 4 0.06 0.13 0.244 0.315 0.251 3,567 0,713 

1 0 1 4 0.086 0.172 0.274 0.284 0.184 3,308 0,661 

0 2 1 4 0.048 0.109 0.221 0.325 0.298 3,719 0,743 

0 1 2 4 0.047 0.107 0.219 0.326 0.302 3,732 0,746 

2 1 0 5 0.024 0.06 0.148 0.309 0.458 4,114 0,822 

1 2 0 5 0.038 0.09 0.196 0.327 0.349 3,859 0,771 

2 2 0 5 0.009 0.023 0.066 0.2 0.702 4,563 0,912 
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2 0 1 5 0.021 0.052 0.132 0.296 0.498 4,195 0,839 

1 1 1 5 0.036 0.085 0.189 0.326 0.364 3,897 0,779 

2 1 1 5 0.008 0.022 0.062 0.192 0.715 4,581 0,916 

1 2 1 5 0.013 0.034 0.092 0.247 0.614 4,415 0,883 

2 2 1 5 0.003 0.008 0.024 0.09 0.875 4,826 0,965 

1 0 2 5 0.032 0.077 0.177 0.323 0.391 3,964 0,792 

2 0 2 5 0.007 0.02 0.056 0.178 0.738 4,617 0,923 

1 1 2 5 0.013 0.033 0.09 0.245 0.619 4,424 0,884 

2 1 2 5 0.003 0.008 0.024 0.088 0.877 4,828 0,965 

0 2 2 5 0.017 0.044 0.115 0.278 0.546 4,292 0,858 

1 2 2 5 0.005 0.012 0.037 0.127 0.819 4,743 0,948 

2 2 2 5 0.001 0.003 0.009 0.035 0.952 4,934 0,986 

Table 24: Worthwhileness Probabilities and predicted class for each combination of worthwhileness elements ratings.  

In practice these Indices represent the average value of the overall rating of trips for a given 
combination of the Worthwhileness Elements (E, P, F). In other words, if we consider the probabilities 
for the outcome of each value of the general Worthwhileness rating and calculate the average over 
several trips, we would get these values. 

As an example of the calculation, for the combination E=0, F=1, P=2 the outcome of the model is that 
the probability of having each worthwhileness rating is: 

 1 2 3 4 5 

Probability  0.047 0.107 0.219 0.326 0.302 

Table 25: Probabilities for each Worthwhileness rating result of the model calculation for E=0, P=2 and F=1 balanced dataset.  

In other words, this means that if we consider 1,000 trips that have received the evaluation of (E=0, 
F=1, P=2) we would have 47 trips rated as 1, 107 trips rated as 2, 219 trips rated as 3, 326 trips rated 
as 4 and 302 trips that would have received a worthwhileness rating of 5.  

Thus, the average value of worthwhileness for this combination of elements would be 3,732 in a scale 
of 1 to 5 (0.746 in scale of 0 to 1). 

Worthwhileness Index across transport categories 

Once the model allows to calculate a Worthwhileness Index as a worthwhileness metric, it can be used 
to measure the impact on VTT as will be discussed in Section 8. The following tables present the WI for 
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the different transport categories for each combination of worthwhileness elements. Table 26 shows 
the results for the data cleaned and balanced while Table 27 presents results with cleaned dataset but 
not balanced.  

In order to distinguish the differences, a gradient colour map has been created where dark green 
indicates the higher values of WI and dark red shows the lower values of WI. 

E F P Walking Cycling Private PTlong PTshort All 

0 0 0 1,914 1,681 1,754 1,575 1,742 1,785 

1 0 0 2,3 2,172 1,864 1,495 1,867 2,575 

0 1 0 2,68 2,047 2,655 1,488 2,606 2,321 

0 0 1 2,418 2,366 2,81 2,69 2,241 2,42 

1 1 0 3,126 2,636 2,452 2,574 2,606 3,198 

0 2 0 3,05 2,663 2,547 2,552 2,763 2,996 

0 1 1 2,857 2,979 2,697 2,44 3,212 3,042 

0 0 2 2,93 2,792 3,703 2,325 2,768 3,122 

2 0 0 3,598 2,841 3,486 2,295 3,212 3,567 

1 0 1 3,249 3,4 3,581 3,322 3,638 3,308 

0 2 1 3,677 3,615 3,73 3,294 3,59 3,719 

0 1 2 3,602 3,461 3,374 3,329 3,747 3,732 

2 1 0 3,376 3,281 3,326 3,297 3,619 4,114 

1 2 0 3,99 3,487 3,477 3,451 3,768 3,859 

2 2 0 3,847 3,284 3,84 3,758 3,787 4,563 

2 0 1 4,512 3,973 4,375 3,637 4,161 4,195 

1 1 1 4,095 4,441 4,433 3,618 4,431 3,897 

2 1 1 4,404 3,855 4,526 3,451 4,528 4,581 

1 2 1 4,295 4,338 4,29 4,376 4,124 4,415 

2 2 1 4,749 4,045 4,799 4,286 4,72 4,826 

1 0 2 3,744 4,682 4,255 4,266 4,42 3,964 
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2 0 2 4,443 4,361 4,784 4,538 4,84 4,617 

1 1 2 4,122 4,05 4,361 4,831 4,516 4,424 

2 1 2 4,666 4,683 4,823 4,466 4,872 4,828 

0 2 2 4,06 3,898 4,091 4,794 4,141 4,292 

1 2 2 4,59 4,494 4,708 4,452 4,715 4,743 

2 2 2 4,873 4,866 4,936 4,791 4,931 4,934 

Table 26: Worthwhileness Index calculations for all respondents and by transport category for the balanced dataset. 

Results of the indices with the balanced sample seem to indicate a similar trend in the distribution of 
WI among different transport categories. Although, Public Transport short distance seems to be the 
transport category with the lowest rates of WI, the rest show different degrees depending on the 
relationship of the elements. The influence of the elements on the WI is in alignment with what has 
been demonstrated during the analysis on Section 7. 

If, on the other hand, the results of the sample are observed unbalanced, only cleaned, the differences 
between the WI of the different transport categories are accentuated. In this case Walking and Cycling 
show higher worthwhileness index while trips on private motorised vehicles and on public transport 
present lower values. This is in alignment with the literature and results discussed in subsections 
above. Therefore, in view of the results, the model works, and it allows the calculation of the 
probabilities of the worthwhileness rating i of the worthwhileness index according to the elements. 
However, it is a first approximation and there is still a way to go.  

E F P Walking Cycling Private PTlong PTshort All 

0 0 0 1,573 3,037 1,275 2,105 2,308 2,722 

1 0 0 3,526 3,373 1,187 1,489 2,386 3,197 

0 1 0 3,333 3,226 2,738 1,485 3,042 2,965 

0 0 1 3,464 3,306 2,293 3,04 3,116 3,198 

1 1 0 3,573 3,461 2,715 2,852 2,74 2,346 

0 2 0 2,792 3,563 2,669 1,764 3,115 3,806 

0 1 1 3,002 3,865 1,597 3,04 1,636 3,661 

0 0 2 3,862 3,644 3,537 2,843 3,468 3,327 

2 0 0 3,989 3,123 3,83 2,408 2,336 4,114 

1 0 1 4,42 3,867 3,953 3,905 3,892 4,382 
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0 2 1 4,051 4,197 3,73 2,477 3,345 4,204 

0 1 2 4,236 4,343 4,557 3,631 4,006 4,755 

2 1 0 4,786 4,18 3,122 3,328 4,073 4,453 

1 2 0 4,499 4,729 3,887 3,711 4,341 3,961 

2 2 0 4,348 4,371 2,206 3,651 1,466 4,478 

2 0 1 4,244 4,308 4,589 3,852 4,611 4,197 

1 1 1 4,423 4,125 3,669 3,704 4,185 4,518 

2 1 1 4,849 1,566 4,466 3,768 4,757 4,873 

1 2 1 4,121 4,816 4,654 4,455 4,042 3,947 

2 2 1 4,344 4,178 4,381 4,384 4,552 4,323 

1 0 2 4,809 4,73 4,841 4,018 4,891 4,806 

2 0 2 4,209 2,723 3,626 4,609 3,642 4,221 

1 1 2 4,428 4,329 1,444 4,891 4,59 4,533 

2 1 2 4,836 4,714 4,807 4,518 4,902 0,783 

0 2 2 4,675 3,688 4,37 4,855 4,064 4,672 

1 2 2 4,786 4,72 4,812 4,461 4,742 4,828 

2 2 2 4,949 4,91 4,964 4,831 4,945 4,959 

Table 27: Worthwhileness Index calculations for all respondents and by transport category for the Cleaned dataset 

8.3 Pros and cons of the model  

This subsection points out and elaborates on some of the pros and cons of the model developed in the 
sections above. This establishes the basis for the discussion presented later in Section 8. 

Pros of the model: 

● The model does reveal the expected sign for all parameters and has very significant coefficients 
for all variables. This is a very positive outcome since it clearly shows a strong relationship 
between WI and the 3 factors identified and considered in the data collection (namely 
productivity, fitness and enjoyment). This should not be underestimated because the model is 
novel and it was a possibility to end up with data that didn't show the expected pattern between 
P, E and F, so this result speaks very well of the data collection tool. 
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● The model shows that WI can be quantified via worthwhileness elements, however the challenge 
is then how to get information on those elements (see second Cons below). 

Cons of the model: 

● The fact that most people didn't consider levels 1 and 2 of Worthwhileness (instead most 
responded with 3, 4 or 5). This is not necessarily something negative, but something to consider 
in the future when looking at ways to improve how WI is quantified. This result was not expected, 
and therefore is a positive learning of the work. The downside for the current model is precisely 
the difficulty of forecasting WI levels for levels 1 and 2, which led to rebalancing the survey which 
in turn could lead to some inconsistency in the results. 

● To apply the model to calculate WI for different scenarios, how do we obtain the information on 
P, E and F? The model uses the Woorti scale of 0,1 and 2 (which are qualitative statements of the 
'none, medium, high' values selected by users). This can be difficult to obtain unless another 
survey is designed in the same way.  

● Another (very related to the point above) criticism of the model could be that there may be better 
ways of quantifying P, E and F, e.g. using % that are applied to specific chunks of time (for example, 
on a train journey of 2 hours, a person could be more specific and say something like: during the 
1st hour, my productivity was 100%, enjoyment 50% and fitness 0%; and during the 2nd hour my 
productivity was 0%, enjoyment 100% and fitness 0%). Of course, this would lead to a much more 
granular model (potentially a very different one). 

● Another critical and complex point is how to link the influence factors and activities that have an 
impact on the worthwhileness elements to the model.  

Links to opportunities: 

● The model can help to understand differences across transport modes around WI in general 
and in particular about those 3 factors (this is an opportunity for new empirical evidence on 
something that - as discussed in Section 8 - has been more of a conceptual debate rather than 
an empirical one). 

● The WI scale (1-5) could potentially be used in a follow-up stated preference experiment to 
look at the value of changes in worthwhileness. 

All in all, it is considered that the models proposed above are good and establish the basis to exploit 
the data and answer as many interesting questions as possible around the evidence on the 
worthwhileness of time. 
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9. Discussion and future work 
This section discusses several aspects in which the present research on Worthwhileness of Travel Time 
(WoTT) can potentially impact VTT and transport appraisal in practice and presents applicability 
aspects into CBA techniques.  

9.1 Approaches to connect WI to VTT 

This section starts with comparing, at the high level, the practice of VTT with what the empirical work 
around WI could be (as it is envisaged in MoTiV).  

MoTiV scope of the analysis is inherently multimodal. There is an interest in understanding the 
worthwhileness of time for the different modes and in comparison, across different transport modes. 
Additionally, there is also a within-mode perspective of interest: the understanding of worthwhileness 
for a given mode due to different conditions or perceptions of a given individual. 

On the other hand, thinking about the typical VTT studies for transport appraisal, there is nearly always 
a within-mode approach to the study (see European national VTT studies, e.g. UK, Sweden, Norway, 
Denmark or the Netherlands). While several modes are usually covered (e.g. car, rail, bus), the VTT 
evaluations which tend to be the aim of the studies are usually focused on one mode only. This is 
because it is much simpler to focus on changes in time for one mode in a valuation study than trying 
to mix it with changes in different modes (in other words, it is a pragmatic approach to isolate the 
effect of time savings from other factors, e.g. comfort or effects that differ across modes). The 
comparison of VTTs across modes is also often addressed, but it is made up of uni-modal VTTs. 

Thus, the perspective of the analysis matters, and there may be a significant difference between the 
existing practice of VTT (more within-mode oriented) and the prospects around implementing WI 
related concepts (somewhat more across modes). Additionally, there is also plenty to be learned at 
the uni-modal level, as demonstrated in a recent paper by Wardman et al. (2019) studying the impact 
of worthwhileness of time on rail VTT. 

9.1.1 Uni-modal VTT and appraisal 

Transport appraisal, in principle, should happen taking into consideration all modes involved. When 
this is the case, this is typically done through some assumptions around mode shift behaviour (e.g. 
how does demand change for each mode involved in the analysis as a result of the scheme). However, 
the values of travel time (VTT) used in the appraisal are often (at least in national appraisal guidelines) 
focused on one mode only. This means that VTT captures the WTP of users of a given mode to save 
time on that given mode (without changing mode of travel). 

The advantages and disadvantages of using uni-modal VTT can be exposed through the analysis of VTT 
and worthwhileness of time. 

Uni-modal VTTs are practical as they simplify the empirical estimation of VTTs – and also appraisal 
analyses: uni-modal VTT assumes no changes in worthwhileness of time related to different modes. 
When appraisal guidelines indicate that a commuter car user has a VTT of 10€/h, that is the value the 
car user is WTP to have a shorter car commute journey, for any subjective reason s/he may have. To 
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the best of our knowledge, no consideration is given to mode change when VTTs have been derived 
for appraisal purposes in national studies in Western countries (e.g. UK, Denmark, Sweden or 
Netherlands) 

The disadvantage of uni-modal VTT is precisely that it leaves out of the analysis something potentially 
very important: the added value of increased worthwhileness of time thanks to mode shift. Take the 
following example. Suppose we are appraising a rail scheme in a commuting corridor that makes rail 
more attractive (compared to other modal alternatives in the corridor, e.g. bus). This could be a 
frequency increase or a capacity increase that reduces rail crowding in peak commuting times. The 
appraisal of such a scheme would include the demand changes in each mode (increase for rail and 
reduction for bus), and calculation of the consumer surplus using the rule-of-a-half16 for each mode. 
Each market (rail and bus) is analysed separately using the VTT that corresponds to each mode. The 
analysis is concerned with time savings but says nothing explicitly about changes in worthwhileness of 
travel time. In other words, any changes in worthwhileness of time resulting from changing mode is 
implicitly assumed to be captured through the VTT, i.e. the WTP of users for saving time. However, the 
VTTs are uni-modal and therefore contain no information about changes in worthwhileness of time 
while travelling – because they were derived assuming the time saving will occur without mode 
change. 

One natural question to ask is therefore: what are the VTTs across transport modes for different mode 
pairs? Under those cross-modal VTTs, changes in worthwhileness of travel time will play a role and 
would be more informative. For example, one would expect that modes offering higher levels of 
worthwhileness should carry a high value in appraisals that involve mode changes. For a scheme that 
simply makes people switch mode (say from bus to rail), with no time changes involved, an appraisal 
with official guidelines would only suggest that money changes hands (from bus to rail operators), but 
no other benefits would be registered (i.e. the impact of worthwhileness is not considered).  

To make matters more complicated, note also that in some countries, e.g. in the UK, VTT for 
commuting is assumed to be equal across modes for equity reasons, and around 10£/h. This means 
that, equity plays a role in moving from estimated (so-called behavioural) VTT to appraisal VTT (Batley 
et al., 2019). Therefore, the picture in appraisal guidelines when observing VTT for the different modes 
is somewhat blurry and does not directly represent behavioural VTTs that one could more easily relate 
to evidence on use of time by different modes. 

9.1.2 WI and other metrics 

As pointed out in Section 8.1 there are several metrics that could be derived from MoTiV research 
which could connect the worthwhileness of travel time to the concept and estimation of VTT and 
appraisal. Some of these possibilities are discussed below: 

 
16 Economic theory suggests that when consumers change their travel in response to a financial incentive, the net 
consumer surplus averages half of their price change (called the “rule of half”). This considers total changes in 
financial costs, travel time, convenience and mobility as perceived by consumers.  
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Worthwhileness Index as a standalone metric 

The development of a standalone WI metric is the perspective developed by MoTiV and presented in 
Section 8.1 This metric can have significant implications in academic work but also for policy making.  

Above, it is presented how the evidence collected in MoTiV could help to improve VTT research and 
consequently, the use of VTT in appraisal. Broadly speaking, the more direct connection with VTT can 
be established through looking at sub-components of the WI. 

Additionally, WI can be seen as a new metric that enters the world of transport planning and transport 
appraisal, bringing new crucial information on the table. It can act complementary to existing VTT 
evidence. In line with some of the points raised above (e.g. uni-modal VTT), the WI can help to shade 
light in issues where current VTT methods are lacking, such as multi-modal appraisal or active travel. 
WI should not be seen as a “substitute” or replacement for VTT, as they are different concepts 
measuring different (but equally important) things. 

Therefore, the development of a WI as a standalone metric can play an important role in connecting 
VTT and CBA. 

Comparison with literature on p and p* 

Building upon the definition of new parameters from the Woorti app, it would be an interesting 
exercise to compare these with the literature on p and p* values (see Wardman and Lyons, 2016). This 
could be a way to link MoTiV empirical work with the literature on VTT and productive use of time. 

The comparison however will not be straightforward, and it will certainly not be a like-with-like one, 
so one must be careful when drawing conclusions. The aim should be to establish what MoTiV is 
measuring (around productive time, but also fitness and enjoyment), and putting the evidence side by 
side with what the literature has measured around productive time. The challenge will be precisely to 
establish what metrics could be inferred from Woorti data. 

VTT multipliers 

The impact of the use of time on VTT has been sometimes represented in terms of a multiplier on the 
VTT. This is, any calculated VTT would correspond with a set of travelling conditions and thus some 
level of travel time worthwhileness. Assuming that there is a ‘base VTT’ for somewhat standard 
conditions, a multiplier could take a value lower than 1 indicating VTT is lower than the base (or higher 
than 1, indicating VTT is higher than the base value). 

The recent study by Wardman et al. (2019) has done precisely this, for rail users and rail VTT only. The 
study conducted several stated preference (SP) experiments aimed at inferring VTT of respondents 
and variation of VTT based on use of time. For instance, in one of the experiments, setting the base 
VTT as the time spent “doing nothing”, multipliers were inferred for travelling undertaking several 
activities, such as reading printed material or using an electronic device. The results, in line with 
expectations, show that VTT is lower when the time is being used in a worthwhile manner. Several 
multipliers were estimated for different activities performed while travelling. 

While MoTiV is not aiming to calculate any VTT estimates, it would be worth reflecting upon the use 
of MoTiV work in the future to inform this area of research. For instance, what would be the outcome 
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of a broader study that looked at other modes as well (Wardman et al., 2019 covered only rail), and 
other forms of use of time such as fitness which may not be applicable to rail.  

9.2 WI applicability in CBA and implications for relevant actors 
This section identifies the main outcomes from the MoTiV project in relation to CBA. The main 
contributions from a CBA perspective emanate from three lines of work: 

● The development of a wider conceptualisation of worthwhileness of travel time; 
● A data collection exercise (via a new mobile phone app called ‘Woorti’) providing new evidence 

on the subject; 
● The development of a novel Worthwhileness Index (WI) by modelling the data building upon 

the conceptual framework. 

9.2.1 Contributions of MoTiV 

From the perspective of CBA, the following contributions of MoTiV are identified: 

● A novel conceptual framework that encourages the adoption of a wider perspective on the 
use and worthwhileness of time spent travelling, within which Worthwhile Travel Time (WTT) 
is defined as a function of three main factors: productivity, enjoyment and fitness. This moves 
the research beyond the usual ‘productive business travel time’ and towards a more general 
‘worthwhile (any) travel time’. This helps to open a new set of questions for valuation and 
appraisal.  

● A novel approach for measuring worthwhileness of travel time and new quantitative 
evidence around how people perceive worthwhileness of travel time, including: 

o Ex-ante generic perception of WTT for each transport means 

o Ex-post reported perception of WTT for multiple trips, using a 1 to 5 scale (1 = very 
low; 5 = very high); 

o Differences across travel settings and characteristics: modes, countries (the survey 
was undertaken simultaneously in several countries), gender or age. Arguably the 
evidence across modes is of most interest in CBA, as it can inform several of the issues 
identified in Section 4. 

o Evidence on the roles of ‘enjoyment’ (E) and ‘fitness’ (F) factors alongside the 
‘productivity’ (P) factor on the overall worthwhileness. 

● A novel modelling exercise to develop an index (WI), which shows: 

o Robust evidence of the expected strong positive relationship between all factors (E, F 
and P) and WTT. 

9.2.2 Opportunities and challenges on how WTT feeds into CBA 

Below are identified ways in which the MoTiV research on worthwhileness of travel time could feed 
into CBA to improve the appraisal of transport projects, as well as the challenges associated with these: 

● The research conducted to date begins to unpack the term MVT that lies behind the central 
VTT equation (VTTm =RVT−MVTm), but which has received far less attention than the overall 
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VTT concept. Many questions around this have been addressed both conceptually and 
empirically, e.g. how does it vary by mode or how is it affected by factors other than 
productivity. 

● Increases in MVT (or worthwhileness) would lead to reductions in VTT, which means that they 
alone can reduce the generalised journey cost of travelling and therefore lead to user benefits 
(without the need for time savings). While this proposition is not new, the research has helped 
to translate this from theory to practice and can hopefully attract the interest of a wider 
research community. 

● The MoTiV work has provided a unique and novel attempt to quantify worthwhileness (on a 
scale of 1 to 5) and to develop this into an index. Such an index would enable the estimation 
of worthwhileness (on that scale) for a trip if there is information on the level of productivity, 
fitness and enjoyment. This model is helpful to develop an understanding around the factors 
that shape worthwhile travel time. 

● The challenge remaining is how data on worthwhileness could feed into CBA – and, more 
precisely, how to put a monetary value on changes in worthwhileness. One possible avenue is 
to use the developed WI scale as the way to quantify worthwhileness. Firstly, the WI could be 
estimated for both the DM and the DS scenarios in a CBA, giving an estimate of the change in 
worthwhileness for users affected by the project (this is the quantification and forecasting 
step). Secondly, a unit monetary value should be applied to this change to indicate how much 
users actually value that change in worthwhileness. However, such unit values are not 
presently available. This latter component has not been the focus of MoTiV and would require 
substantial new research and surveys, e.g. SP surveys, as part of a separate project. This step 
could however be very challenging. 

● In other words, the next research challenge is to quantify worthwhileness – or, more precisely, 
MVT as in the VTT equation above – in monetary terms (i.e. unit values) so that estimates can 
be embedded more easily in conventional appraisal.  

● Such research could also open new avenues to explore VTT multipliers in relation to 
worthwhileness. This could be useful to: 

o Understand differences across modes in relation to VTT within the same modes and 
across different modes. 

o Since VTT evolves over time partly due to changes in technology and use of time, 
multipliers that can pick up changes in worthwhileness could be used to adapt VTT 
over time. 

● Future research could also rethink the way modal shift is dealt with in transport appraisals, by 
unpacking the ways in which changes in worthwhileness impact upon existing calculations of 
user benefits. In this way, research could help to ensure that all relevant benefits associated 
with increased worthwhileness are captured within the CBA. 

● Meanwhile, whilst research on monetisation gets under way, the WI outcomes of the MoTiV 
project could help in another (more qualitative) way – as complementary information to that 
is provided by the Benefit-Cost Ratios (BCR) of projects. This would require the development 
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of a new complementary approach (via WI) to understand the opportunities for worthwhile 
travel and take these into consideration in appraisal techniques. Perhaps this could initially be 
something qualitative, similar to the complementary approaches used for accessibility via 
Distributional Assessment in UK appraisal guidelines (see TAG Unit A4.1). Decision-makers may 
welcome seeing evidence on how much worthwhileness is being achieved by project A 
compared to project B (even if a monetary value is not practically available). 

9.3 Conclusions 

The discussion above has summarised the keyways of this report in which worthwhileness of travel 
time is relevant in transport appraisal and showed the way to identify opportunities for improvement. 
It is highlighted the high-level contributions and outcomes from MoTiV, whereas finally it is identified 
and discussed in more detail different ways in which the concept of worthwhileness of travel time 
could feed into CBA in a more explicit way than it currently does. There can be opportunities to improve 
the way we appraise transport projects through making the role of worthwhileness clearer and 
possibly more prominent. 

Additional analysis of the travel data collected from the Woorti app could potentially reveal more 
insights relevant to the value of travel time. The planned scientific publications to be submitted within 
the scope of the MoTiV project as well as Deliverable 6.5 will provide guidelines on Policies and 
Business Recommendations addressing among others the impact of MoTiV findings on VTT in the 
context of Mobility as a Service (MaaS) and autonomous vehicles. 

The concept of worthwhileness is complex with many variables and different interrelations among 
them. The perception of travellers on the value of travel time depends on different variables (Cornet 
et al., 2020). Thus, it is challenging to capture, identify and demonstrate the importance off all the 
worthwhileness elements, activities and factors influencing this worthwhile travel time a perceived by 
travellers. The qualitative nature of many of these variables and their subjective quantification of time 
(i.e. proportion of time of enjoyment, amount of time performing an activity) adds further to this 
complexity.   

Therefore, the complexity of this concept requires a more detailed analysis and data modelling which 
can potentially make progress in this regard. Additional analysis must focus on overcoming challenges, 
such as how to measure and forecast worthwhileness and, perhaps more importantly, how to assign a 
monetary value to changes in it. 

In terms of the data collection method, the design and formulation of the questions may have 
introduced bias in terms of how respondents interpreted the questions asked. On questions about 
mood and worthwhileness (5-star rating response system) responses received were mostly between 3 
and 5. Users may have felt that reporting 1 or 2 values is too extreme. On the question about 
worthwhileness elements “How important are each of the travel time worthwhileness elements for 
you when you travel” probably some people were thinking about the wider trip or the destination 
when reporting on the value of enjoyment productivity or fitness. At the same time user could skip this 
question without rating any of the element making impossible to know if all the elements were rated 
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0 or just no rating was provided. As discussed before the measurement of these elements is one of the 
overcoming challenges.    

The findings presented in this report can provide the basis for further research revealing at the same 
time the areas of improvement in terms of the methodology and tools used. Since CBA relies on robust 
quantification and monetisation of impacts, there will probably be some scepticism around potential 
advances in this area. Nevertheless, despite the challenges, this is certainly an interesting road to 
explore, and MoTiV has provided a good set of early steps. 

Overall, the MoTiV results presented in this report demonstrate through the analysis and modelling of 
the collected data that the experience of travel time matters and goes beyond the classic research 
scope on value of travel time. Thus, this knowledge is expected to contribute to the advancement of 
this increasingly relevant topic for transport planners, modelers and decision-makers 
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11. Appendices 
Appendix 1: Additional results on Hypothesis 10 – Question 4 

 

Figure 51: Correlation between worthwhileness average ratings (y axis) and Worthwhileness Elements ratings (x axis) by 
transport category for male users 

 

Figure 52: Correlation between worthwhileness average ratings (y axis) and Worthwhileness Elements ratings (x axis) by 
transport category for female users 
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Figure 53: Correlation between worthwhileness average ratings (y axis) and Worthwhileness Elements ratings (x axis) by 
transport category for everyday shopping purpose 

 

Figure 54: Correlation between worthwhileness average ratings (y axis) and Worthwhileness Elements ratings (x axis) by 
transport category for going home purpose 
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Figure 55: Correlation between worthwhileness average ratings (y axis) and Worthwhileness Elements ratings (x axis) by 
transport category for leisure purpose 

 

Figure 56: Correlation between worthwhileness average ratings (y axis) and Worthwhileness Elements ratings (x axis) by 
transport category for work purpose 
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Figure 57: Correlation between worthwhileness average ratings (y axis) and Worthwhileness Elements ratings (x axis) by 
transport category for other purpose 

Appendix 2: Additional results on Hypothesis 10 – Question 8  

 

Figure 58: Distribution of trip legs per Worthwhileness Elements ratings for urban area trips by country (AAA – other, BEL – 
Belgium, HRV – Croatia, FIN – Finland, FRA – France, ITA – Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) 
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Figure 59: Distribution of trip legs per Worthwhileness Elements ratings for sub-urban area trips by country 

 

Figure 60: Distribution of trip legs per Worthwhileness Elements ratings for rural area trips by country (AAA – other, BEL – 
Belgium, HRV – Croatia, FIN – Finland, FRA – France, ITA – Italy, NOR – Norway, PRT – Portugal, SVK – Slovakia, ESP – Spain) 

 

Figure 61: Distribution of trip legs per Worthwhileness Elements ratings for urban area trips by age gender 
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Figure 62: Distribution of trip legs per Worthwhileness Elements ratings for sub-urban area trips by age gender 

 

 

Figure 63: Distribution of trip legs per Worthwhileness Elements ratings for rural area trips by age gender 

  



www. 
motivproject.eu 
 
 

 
 

 
118 

 

Appendix 3: Worthwhileness Index Model results for Cleaned 
dataset  
This section provides, for each transport category, the tables with the results of all the possible 
combinations of worthwhileness elements. All the dataset is cleaned.  

Walking. 

E F P Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0,073 0,156 0,038 0,251 0,014 1,573 0,315 

0 1 0 1 0,046 0,107 0,333 0,303 0,211 3,526 0,705 

1 0 0 2 0,062 0,138 0,367 0,271 0,162 3,333 0,667 

0 0 1 2 0,051 0,116 0,345 0,294 0,194 3,464 0,693 

1 1 0 3 0,043 0,101 0,324 0,309 0,224 3,573 0,715 

0 2 0 3 0,039 0,093 0,031 0,316 0,242 2,792 0,558 

0 1 1 3 0,031 0,077 0,028 0,327 0,285 3,002 0,600 

0 0 2 3 0,026 0,066 0,255 0,331 0,323 3,862 0,772 

2 0 0 4 0,001 0,027 0,013 0,275 0,559 3,989 0,798 

1 0 1 4 0,008 0,023 0,112 0,255 0,602 4,42 0,884 

1 1 1 4 0,019 0,048 0,205 0,324 0,405 4,051 0,810 

0 2 1 4 0,011 0,003 0,142 0,287 0,529 4,236 0,847 

0 1 2 4 0,002 0,007 0,036 0,113 0,842 4,786 0,957 

2 1 0 5 0,007 0,018 0,093 0,228 0,653 4,499 0,900 

1 2 0 5 0,006 0,015 0,008 0,207 0,692 4,348 0,870 

2 2 0 5 0,013 0,033 0,154 0,297 0,503 4,244 0,849 

2 0 1 5 0,008 0,002 0,103 0,243 0,626 4,423 0,885 

2 1 1 5 0,002 0,004 0,025 0,081 0,888 4,849 0,970 

1 2 1 5 0,016 0,042 0,186 0,317 0,439 4,121 0,824 
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2 2 1 5 0,001 0,026 0,128 0,273 0,563 4,344 0,869 

1 0 2 5 0,002 0,006 0,032 0,101 0,859 4,809 0,962 

2 0 2 5 0,014 0,036 0,164 0,304 0,483 4,209 0,842 

1 1 2 5 0,008 0,022 0,111 0,252 0,607 4,428 0,886 

2 1 2 5 0,002 0,005 0,027 0,087 0,879 4,836 0,967 

0 2 2 5 0,004 0,011 0,057 0,162 0,766 4,675 0,935 

1 2 2 5 0,002 0,006 0,036 0,111 0,844 4,786 0,957 

2 2 2 5 0,001 0,001 0,008 0,028 0,962 4,949 0,990 

Table 28: Worthwhileness Probabilities, predicted class and Worthwhileness Index for each combination of worthwhileness 
elements ratings of Cleaned data for Walking transport category  

Cycling and emerging micromobility. 

E F P Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0,086 0,195 0,405 0,229 0,086 3,037 0,607 

0 1 0 1 0,049 0,127 0,368 0,309 0,146 3,373 0,675 

0 0 1 1 0,063 0,155 0,391 0,275 0,116 3,226 0,645 

1 0 0 2 0,055 0,139 0,379 0,294 0,132 3,306 0,661 

0 1 1 2 0,004 0,107 0,344 0,334 0,175 3,461 0,692 

0 0 2 2 0,036 0,097 0,328 0,346 0,193 3,563 0,713 

1 1 0 3 0,002 0,058 0,243 0,377 0,302 3,865 0,773 

0 2 0 3 0,031 0,086 0,308 0,358 0,217 3,644 0,729 

1 0 1 3 0,022 0,064 0,026 0,375 0,279 3,123 0,625 

2 0 0 4 0,002 0,058 0,242 0,377 0,303 3,867 0,773 

1 2 0 4 0,011 0,032 0,157 0,349 0,451 4,197 0,839 

1 1 1 4 0,008 0,023 0,121 0,314 0,534 4,343 0,869 

0 2 1 4 0,011 0,033 0,162 0,353 0,441 4,18 0,836 

1 0 2 4 0,002 0,007 0,042 0,158 0,791 4,729 0,946 
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0 1 2 4 0,007 0,002 0,107 0,296 0,571 4,371 0,874 

2 1 0 5 0,005 0,015 0,008 0,251 0,649 4,308 0,862 

2 2 0 5 0,012 0,037 0,177 0,362 0,412 4,125 0,825 

2 0 1 5 0,007 0,021 0,011 0,301 0,056 1,566 0,313 

2 1 1 5 0,001 0,005 0,026 0,108 0,859 4,816 0,963 

1 2 1 5 0,011 0,033 0,161 0,352 0,442 4,178 0,836 

2 2 1 5 0,002 0,007 0,042 0,157 0,792 4,73 0,946 

2 0 2 5 0,014 0,043 0,195 0,037 0,378 2,723 0,545 

1 1 2 5 0,008 0,024 0,124 0,319 0,525 4,329 0,866 

2 1 2 5 0,002 0,005 0,003 0,122 0,841 4,714 0,943 

0 2 2 5 0,004 0,014 0,075 0,024 0,667 3,688 0,738 

1 2 2 5 0,002 0,008 0,043 0,162 0,785 4,72 0,944 

2 2 2 5 0,001 0,002 0,001 0,043 0,946 4,91 0,982 

Table 29: Worthwhileness Probabilities, predicted class and Worthwhileness Index for each combination of worthwhileness 
elements ratings of Cleaned data for Cycling and micromobility transport category 

Private motorised.  

E F P Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0,485 0,031 0,123 0,056 0,027 1,275 0,255 

0 1 0 1 0,451 0,032 0,135 0,063 0,003 1,187 0,237 

1 0 0 2 0,178 0,293 0,248 0,175 0,106 2,738 0,548 

1 1 0 2 0,159 0,278 0,254 0,189 0,012 2,293 0,459 

0 2 0 2 0,183 0,296 0,247 0,171 0,103 2,715 0,543 

0 0 1 2 0,193 0,303 0,243 0,164 0,097 2,669 0,534 

0 1 1 2 0,173 0,289 0,025 0,179 0,011 1,597 0,319 

2 0 0 4 0,065 0,157 0,229 0,279 0,271 3,537 0,707 

1 2 0 4 0,004 0,106 0,184 0,288 0,382 3,83 0,766 
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1 0 1 4 0,035 0,095 0,171 0,285 0,415 3,953 0,791 

1 1 1 4 0,049 0,125 0,203 0,288 0,334 3,73 0,746 

0 2 1 4 0,001 0,029 0,065 0,172 0,723 4,557 0,911 

0 0 2 4 0,052 0,132 0,021 0,287 0,319 3,122 0,624 

0 1 2 4 0,001 0,031 0,069 0,018 0,709 3,887 0,777 

2 1 0 5 0,046 0,119 0,197 0,289 0,035 2,206 0,441 

2 2 0 5 0,009 0,027 0,062 0,165 0,736 4,589 0,918 

2 0 1 5 0,054 0,135 0,212 0,286 0,313 3,669 0,734 

2 1 1 5 0,013 0,038 0,083 0,202 0,664 4,466 0,893 

1 2 1 5 0,002 0,008 0,019 0,006 0,911 4,654 0,931 

2 2 1 5 0,016 0,046 0,097 0,223 0,618 4,381 0,876 

1 0 2 5 0,003 0,009 0,022 0,071 0,894 4,841 0,968 

2 0 2 5 0,057 0,142 0,218 0,284 0,299 3,626 0,725 

1 1 2 5 0,014 0,004 0,087 0,209 0,065 1,444 0,289 

2 1 2 5 0,003 0,008 0,002 0,063 0,906 4,807 0,961 

0 2 2 5 0,016 0,047 0,099 0,227 0,611 4,37 0,874 

1 2 2 5 0,004 0,011 0,027 0,085 0,873 4,812 0,962 

2 2 2 5 0,001 0,002 0,006 0,019 0,973 4,964 0,993 

Table 30: Worthwhileness Probabilities, predicted class and Worthwhileness Index for each combination of worthwhileness 
elements ratings of Cleaned data for Private motorised transport category 

Public transport long distance 

E F P Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0,417 0,204 0,268 0,084 0,028 2,105 0,421 

0 1 0 1 0,049 0,197 0,227 0,065 0,021 1,489 0,298 

0 2 0 1 0,536 0,019 0,202 0,055 0,017 1,485 0,297 

1 0 0 2 0,143 0,133 0,374 0,241 0,109 3,04 0,608 
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1 1 0 2 0,183 0,156 0,375 0,203 0,084 2,852 0,570 

1 2 0 2 0,212 0,169 0,369 0,018 0,007 1,764 0,353 

0 0 1 2 0,143 0,133 0,374 0,241 0,109 3,04 0,608 

0 1 1 2 0,183 0,156 0,375 0,202 0,083 2,843 0,569 

0 2 1 2 0,212 0,169 0,369 0,179 0,007 2,408 0,482 

2 1 0 3 0,039 0,046 0,226 0,354 0,336 3,905 0,781 

2 2 0 3 0,051 0,059 0,266 0,035 0,274 2,477 0,495 

0 1 2 3 0,061 0,069 0,291 0,341 0,239 3,631 0,726 

0 2 2 3 0,037 0,044 0,022 0,353 0,345 3,328 0,666 

2 0 0 4 0,005 0,057 0,261 0,351 0,281 3,711 0,742 

1 0 1 4 0,059 0,066 0,286 0,343 0,246 3,651 0,730 

1 1 1 4 0,042 0,049 0,237 0,354 0,317 3,852 0,770 

1 2 1 4 0,005 0,058 0,263 0,351 0,278 3,704 0,741 

0 0 2 4 0,009 0,012 0,074 0,022 0,685 3,768 0,754 

2 0 1 5 0,012 0,016 0,095 0,259 0,618 4,455 0,891 

2 1 1 5 0,015 0,019 0,111 0,282 0,574 4,384 0,877 

2 2 1 5 0,032 0,038 0,198 0,349 0,384 4,018 0,804 

1 0 2 5 0,008 0,001 0,061 0,194 0,728 4,609 0,922 

2 0 2 5 0,002 0,002 0,016 0,063 0,917 4,891 0,978 

1 1 2 5 0,001 0,013 0,079 0,231 0,666 4,518 0,904 

2 1 2 5 0,002 0,003 0,021 0,081 0,892 4,855 0,971 

1 2 2 5 0,012 0,015 0,093 0,255 0,624 4,461 0,892 

2 2 2 5 0,003 0,004 0,025 0,095 0,873 4,831 0,966 

Table 31: Worthwhileness Probabilities, predicted class and Worthwhileness Index for each combination of worthwhileness 
elements ratings of Cleaned data for Public transport long distance transport category 
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Public transport short distance 

E F P Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0,276 0,308 0,278 0,103 0,034 2,308 0,462 

0 1 0 1 0,252 0,302 0,293 0,114 0,039 2,386 0,477 

1 0 0 2 0,105 0,197 0,357 0,238 0,104 3,042 0,608 

0 2 0 2 0,094 0,182 0,354 0,254 0,116 3,116 0,623 

0 0 1 2 0,159 0,252 0,346 0,176 0,067 2,74 0,548 

1 1 0 3 0,093 0,182 0,354 0,254 0,116 3,115 0,623 

1 2 0 3 0,083 0,168 0,348 0,027 0,013 1,636 0,327 

0 1 1 3 0,055 0,122 0,312 0,322 0,189 3,468 0,694 

0 2 1 3 0,031 0,074 0,238 0,357 0,003 2,336 0,467 

2 0 0 4 0,027 0,066 0,222 0,358 0,327 3,892 0,778 

1 0 1 4 0,049 0,011 0,299 0,333 0,209 3,345 0,669 

1 1 1 4 0,022 0,055 0,194 0,353 0,376 4,006 0,801 

0 0 2 4 0,019 0,049 0,178 0,348 0,406 4,073 0,815 

0 1 2 4 0,011 0,029 0,116 0,296 0,548 4,341 0,868 

2 1 0 5 0,006 0,016 0,069 0,219 0,069 1,466 0,293 

2 2 0 5 0,005 0,014 0,062 0,203 0,716 4,611 0,922 

2 0 1 5 0,015 0,039 0,151 0,331 0,463 4,185 0,837 

2 1 1 5 0,003 0,008 0,036 0,135 0,818 4,757 0,951 

1 2 1 5 0,021 0,052 0,186 0,351 0,391 4,042 0,808 

2 2 1 5 0,006 0,017 0,073 0,227 0,677 4,552 0,910 

1 0 2 5 0,001 0,003 0,016 0,064 0,916 4,891 0,978 

2 0 2 5 0,018 0,046 0,017 0,344 0,421 3,642 0,728 

1 1 2 5 0,006 0,015 0,065 0,211 0,703 4,59 0,918 
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2 1 2 5 0,001 0,003 0,014 0,057 0,925 4,902 0,980 

0 2 2 5 0,001 0,027 0,011 0,289 0,564 4,064 0,813 

1 2 2 5 0,003 0,009 0,039 0,141 0,808 4,742 0,948 

2 2 2 5 0,001 0,002 0,008 0,034 0,956 4,945 0,989 

Table 32: Worthwhileness Probabilities, predicted class and Worthwhileness Index for each combination of worthwhileness 
elements ratings of Cleaned data for Public transport short distance transport category 
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Appendix 4: Worthwhileness Index Model results for balanced 
dataset  
This section provides, for each transport category, the coefficient of the related model and the tables 
with the results of all the possible combinations. All the dataset is cleaned and balanced.  

Walking. 

 

Figure 64: Coefficients and Intercepts of the WI Model of balanced data for Walking transport category 

E F P Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0,47 0,29 0,15 0,07 0,03 1,914 0,383 

0 1 0 1 0,32 0,3 0,21 0,12 0,06 2,3 0,460 

1 0 0 2 0,21 0,27 0,25 0,18 0,09 2,68 0,536 

0 0 1 2 0,28 0,29 0,22 0,14 0,07 2,418 0,484 

1 1 0 3 0,12 0,2 0,26 0,25 0,16 3,126 0,625 

0 2 0 3 0,14 0,22 0,26 0,24 0,15 3,05 0,610 

0 1 1 3 0,17 0,25 0,26 0,21 0,12 2,857 0,571 

0 0 2 3 0,16 0,23 0,26 0,22 0,13 2,93 0,586 

2 0 0 4 0,07 0,13 0,22 0,31 0,28 3,598 0,720 

1 0 1 4 0,11 0,18 0,25 0,27 0,19 3,249 0,650 
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1 1 1 4 0,06 0,12 0,21 0,31 0,3 3,677 0,735 

0 2 1 4 0,07 0,13 0,22 0,31 0,28 3,602 0,720 

0 1 2 4 0,09 0,16 0,25 0,29 0,22 3,376 0,675 

2 1 0 5 0,04 0,08 0,16 0,31 0,42 3,99 0,798 

1 2 0 5 0,05 0,1 0,18 0,31 0,36 3,847 0,769 

2 2 0 5 0,01 0,03 0,07 0,21 0,68 4,512 0,902 

2 0 1 5 0,03 0,07 0,14 0,3 0,46 4,095 0,819 

2 1 1 5 0,02 0,04 0,09 0,24 0,62 4,404 0,881 

1 2 1 5 0,02 0,05 0,11 0,26 0,56 4,295 0,859 

2 2 1 5 0,01 0,01 0,04 0,12 0,83 4,749 0,950 

1 0 2 5 0,05 0,11 0,2 0,31 0,32 3,744 0,749 

2 0 2 5 0,02 0,03 0,08 0,23 0,64 4,443 0,889 

1 1 2 5 0,03 0,06 0,14 0,29 0,48 4,122 0,824 

2 1 2 5 0,01 0,02 0,05 0,15 0,77 4,666 0,933 

0 2 2 5 0,03 0,07 0,15 0,3 0,45 4,06 0,812 

1 2 2 5 0,01 0,02 0,06 0,18 0,73 4,59 0,918 

2 2 2 5 0 0,01 0,02 0,07 0,91 4,873 0,975 

Table 33: Worthwhileness Probabilities, predicted class and Worthwhileness Index for each combination of worthwhileness 
elements ratings of balanced data for Walking transport category  
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Cycling and emerging micromobility. 

 

Figure 65: Coefficients and Intercepts of the WI Model of balanced data for Cycling and micromobility transport category 

E F P Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0,56 0,27 0,11 0,04 0,02 1,681 0,336 

0 1 0 1 0,34 0,33 0,2 0,1 0,04 2,172 0,434 

0 0 1 1 0,38 0,33 0,18 0,08 0,03 2,047 0,409 

1 0 0 2 0,27 0,32 0,23 0,13 0,05 2,366 0,473 

0 1 1 2 0,2 0,3 0,26 0,17 0,07 2,636 0,527 

0 0 2 2 0,19 0,29 0,27 0,18 0,08 2,663 0,533 

1 1 0 3 0,13 0,24 0,28 0,24 0,12 2,979 0,596 

0 2 0 3 0,16 0,27 0,28 0,2 0,09 2,792 0,558 

1 0 1 3 0,15 0,26 0,28 0,21 0,1 2,841 0,568 

2 0 0 4 0,07 0,16 0,26 0,31 0,2 3,4 0,680 

1 2 0 4 0,05 0,13 0,23 0,33 0,26 3,615 0,723 

1 1 1 4 0,07 0,15 0,25 0,31 0,22 3,461 0,692 

0 2 1 4 0,09 0,18 0,27 0,29 0,17 3,281 0,656 

1 0 2 4 0,06 0,15 0,25 0,32 0,22 3,487 0,697 



www. 
motivproject.eu 
 
 

 
 

 
128 

 

0 1 2 4 0,08 0,18 0,27 0,29 0,17 3,284 0,657 

2 1 0 5 0,03 0,08 0,17 0,33 0,39 3,973 0,795 

2 2 0 5 0,01 0,03 0,08 0,25 0,63 4,441 0,888 

2 0 1 5 0,04 0,09 0,19 0,34 0,34 3,855 0,771 

2 1 1 5 0,02 0,04 0,1 0,28 0,57 4,338 0,868 

1 2 1 5 0,03 0,07 0,16 0,33 0,42 4,045 0,809 

2 2 1 5 0,01 0,02 0,04 0,16 0,78 4,682 0,936 

2 0 2 5 0,01 0,04 0,1 0,27 0,58 4,361 0,872 

1 1 2 5 0,03 0,07 0,16 0,33 0,42 4,05 0,810 

2 1 2 5 0,01 0,02 0,04 0,16 0,78 4,683 0,937 

0 2 2 5 0,03 0,09 0,18 0,34 0,36 3,898 0,780 

1 2 2 5 0,01 0,03 0,07 0,23 0,66 4,494 0,899 

2 2 2 5 0 0,01 0,02 0,07 0,9 4,866 0,973 

Table 34: Worthwhileness Probabilities, predicted class and Worthwhileness Index for each combination of worthwhileness 
elements ratings of balanced data for Cycling and micromobility transport category 

Private motorised.  

 

Figure 66: Coefficients and Intercepts of the WI Model of balanced data for Private motorised transport category 
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E F P Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0,51 0,31 0,12 0,05 0,02 1,754 0,351 

0 1 0 1 0,45 0,34 0,14 0,06 0,02 1,864 0,373 

1 0 0 2 0,18 0,31 0,27 0,16 0,08 2,655 0,531 

1 1 0 2 0,15 0,29 0,28 0,19 0,1 2,81 0,562 

0 2 0 2 0,23 0,34 0,24 0,13 0,06 2,452 0,490 

0 0 1 2 0,2 0,33 0,26 0,15 0,07 2,547 0,509 

0 1 1 2 0,17 0,31 0,27 0,17 0,08 2,697 0,539 

2 0 0 4 0,04 0,12 0,23 0,31 0,3 3,703 0,741 

1 2 0 4 0,06 0,16 0,26 0,3 0,23 3,486 0,697 

1 0 1 4 0,05 0,14 0,24 0,31 0,26 3,581 0,716 

1 1 1 4 0,04 0,12 0,22 0,32 0,31 3,73 0,746 

0 2 1 4 0,07 0,18 0,27 0,28 0,2 3,374 0,675 

0 0 2 4 0,07 0,19 0,27 0,28 0,19 3,326 0,665 

0 1 2 4 0,06 0,16 0,26 0,3 0,23 3,477 0,695 

2 1 0 5 0,03 0,1 0,2 0,32 0,35 3,84 0,768 

2 2 0 5 0,01 0,04 0,1 0,25 0,6 4,375 0,875 

2 0 1 5 0,01 0,04 0,09 0,23 0,63 4,433 0,887 

2 1 1 5 0,01 0,03 0,07 0,21 0,68 4,526 0,905 

1 2 1 5 0,02 0,05 0,12 0,27 0,55 4,29 0,858 

2 2 1 5 0 0,01 0,03 0,1 0,86 4,799 0,960 

1 0 2 5 0,02 0,05 0,12 0,28 0,53 4,255 0,851 

2 0 2 5 0 0,01 0,03 0,11 0,85 4,784 0,957 

1 1 2 5 0,01 0,04 0,1 0,25 0,59 4,361 0,872 

2 1 2 5 0 0,01 0,03 0,09 0,88 4,823 0,965 
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0 2 2 5 0,02 0,07 0,16 0,3 0,45 4,091 0,818 

1 2 2 5 0,01 0,02 0,04 0,14 0,8 4,708 0,942 

2 2 2 5 0 0 0,01 0,04 0,95 4,936 0,987 

Table 35: Worthwhileness Probabilities, predicted class and Worthwhileness Index for each combination of worthwhileness 
elements ratings of balanced data for Private motorised transport category 

Public transport long distance 

 

Figure 67: Coefficients and Intercepts of the WI Model of balanced data for Public transport long distance transport category 

E F P Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0,59 0,29 0,09 0,03 0,01 1,575 0,315 

0 1 0 1 0,64 0,26 0,07 0,02 0,01 1,495 0,299 

0 2 0 1 0,65 0,26 0,07 0,02 0,01 1,488 0,298 

1 0 0 2 0,14 0,32 0,3 0,17 0,07 2,69 0,538 

1 1 0 2 0,17 0,34 0,29 0,14 0,06 2,574 0,515 

1 2 0 2 0,18 0,35 0,28 0,14 0,06 2,552 0,510 

0 0 1 2 0,2 0,37 0,26 0,12 0,05 2,44 0,488 

0 1 1 2 0,24 0,38 0,24 0,1 0,04 2,325 0,465 

0 2 1 2 0,25 0,38 0,24 0,1 0,04 2,295 0,459 
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2 1 0 3 0,06 0,18 0,31 0,29 0,17 3,322 0,664 

2 2 0 3 0,06 0,19 0,31 0,28 0,16 3,294 0,659 

0 1 2 3 0,06 0,18 0,31 0,29 0,17 3,329 0,666 

0 2 2 3 0,06 0,19 0,31 0,28 0,16 3,297 0,659 

2 0 0 4 0,05 0,16 0,29 0,31 0,2 3,451 0,690 

1 0 1 4 0,03 0,11 0,24 0,34 0,29 3,758 0,752 

1 1 1 4 0,04 0,12 0,26 0,33 0,25 3,637 0,727 

1 2 1 4 0,04 0,13 0,26 0,33 0,24 3,618 0,724 

0 0 2 4 0,05 0,16 0,29 0,31 0,2 3,451 0,690 

2 0 1 5 0,01 0,04 0,11 0,27 0,58 4,376 0,875 

2 1 1 5 0,01 0,04 0,12 0,3 0,53 4,286 0,857 

2 2 1 5 0,01 0,04 0,13 0,3 0,52 4,266 0,853 

1 0 2 5 0,01 0,02 0,07 0,22 0,68 4,538 0,908 

2 0 2 5 0 0,01 0,02 0,09 0,88 4,831 0,966 

1 1 2 5 0,01 0,03 0,09 0,25 0,63 4,466 0,893 

2 1 2 5 0 0,01 0,03 0,11 0,85 4,794 0,959 

1 2 2 5 0,01 0,03 0,09 0,25 0,62 4,452 0,890 

2 2 2 5 0 0,01 0,03 0,11 0,85 4,791 0,958 

Table 36: Worthwhileness Probabilities, predicted class and Worthwhileness Index for each combination of worthwhileness 
elements ratings of balanced data for Public transport long distance transport category 
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Public transport short distance 

 

Figure 68: Coefficients and Intercepts of the WI Model of balanced data for Public transport short distance transport category 

E F P Predicted wt1 wt2 wt3 wt4 wt5 WI5 WI1 

0 0 0 1 0,52 0,3 0,12 0,05 0,02 1,742 0,348 

0 1 0 1 0,46 0,32 0,14 0,06 0,02 1,867 0,373 

1 0 0 2 0,2 0,31 0,27 0,16 0,07 2,606 0,521 

0 2 0 2 0,3 0,34 0,22 0,1 0,04 2,241 0,448 

0 0 1 2 0,2 0,31 0,27 0,16 0,07 2,606 0,521 

1 1 0 3 0,16 0,28 0,29 0,18 0,09 2,763 0,553 

1 2 0 3 0,09 0,2 0,29 0,26 0,16 3,212 0,642 

0 1 1 3 0,16 0,28 0,29 0,18 0,09 2,768 0,554 

0 2 1 3 0,09 0,2 0,29 0,26 0,16 3,212 0,642 

2 0 0 4 0,05 0,13 0,24 0,32 0,27 3,638 0,728 

1 0 1 4 0,05 0,13 0,25 0,31 0,26 3,59 0,718 

1 1 1 4 0,04 0,11 0,22 0,32 0,31 3,747 0,749 

0 0 2 4 0,05 0,13 0,24 0,31 0,27 3,619 0,724 
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0 1 2 4 0,04 0,11 0,22 0,32 0,32 3,768 0,754 

2 1 0 5 0,04 0,1 0,21 0,32 0,32 3,787 0,757 

2 2 0 5 0,02 0,06 0,14 0,3 0,48 4,161 0,832 

2 0 1 5 0,01 0,03 0,09 0,24 0,62 4,431 0,886 

2 1 1 5 0,01 0,03 0,08 0,21 0,68 4,528 0,906 

1 2 1 5 0,02 0,06 0,15 0,3 0,46 4,124 0,825 

2 2 1 5 0,01 0,01 0,04 0,14 0,8 4,72 0,944 

1 0 2 5 0,01 0,04 0,09 0,24 0,62 4,42 0,884 

2 0 2 5 0 0,01 0,02 0,08 0,89 4,84 0,968 

1 1 2 5 0,01 0,03 0,08 0,22 0,67 4,516 0,903 

2 1 2 5 0 0,01 0,02 0,07 0,91 4,872 0,974 

0 2 2 5 0,02 0,06 0,15 0,3 0,47 4,141 0,828 

1 2 2 5 0,01 0,02 0,04 0,14 0,8 4,715 0,943 

2 2 2 5 0 0 0,01 0,04 0,95 4,931 0,986 

Table 37: Worthwhileness Probabilities, predicted class and Worthwhileness Index for each combination of worthwhileness 
elements ratings of balanced data for Public transport short distance transport category 

 


