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Section 1.

Introduction

EMPOWER guidance note: Establishing a baseline to evaluate pervasive technology schemes
Introduction to EMPOWER guidance notes
EMPOWER guidance notes form a series capturing informal and experiential knowledge for the benefit
of the broader the smart mobility and behavioural measures community. The goals of the guidance note
series are to:
•
•
•
•

Encourage user uptake and impact from the EMPOWER knowledge and skills base
Chronicle ‘informal’ knowledge generated by different actors at different stages of a positive 		
incentives scheme process
Accelerate knowledge transfer and upskilling, mitigating repeat learning cycles
Create a referenceable source with medium term endurance

If you would like to follow up any points raised in this guidance note, contact: Professor Susan Grant-Muller,
s.m.grant-muller@its.leeds.ac.uk
Introduction to Guidance note: Establishing a baseline to evaluate pervasive technology
schemes
The advent of smart phones, Internet of Things and pervasive sensor technologies has provided numerous
opportunities for the transport and related sectors, including: new ICT based new mobility schemes,
capturing behaviour and choice, and better understanding how demand for transport can be influenced.
Living Labs have also emerged as an experimental context that allows policy makers, researchers and
practitioners to work ‘in the wild’, i.e. gathering data, information and research outputs that arise when
stimulus are introduced directly into the everyday lives of members of the public on a large scale.
However the introduction of ICT based mobility schemes and increased use of Living Labs has created a
challenge for traditional evaluation methodology, particularly the established evaluation approaches used in
the transport sector to assess whether a scheme has been successful.
Such established methodologies have been derived to work with aggregate level data and may take
inputs such as infrastructure based monitoring data, system level modelled or forecast data and high level
estimates of supply and demand. The outputs produced are also generally at high level, with impacts often
disaggregate by key stakeholder groups such as government, private investors and the travelling public as a
whole.
By nature, a scheme based on pervasive technologies such as a Living Lab (LL) may have impacts on an
individual level that may not be linked to a particular spatial location and that may shift in space over time.
Using ‘before and after’ data collected at a single geographical location and at system or aggregate level,
will therefore miss many of the impacts arising from the new scheme. The ability to establish a baseline of
individual choices before the introduction of a smart mobility scheme and to detect any changes for that
same group of individuals after the introduction of the scheme is a methodological and practical challenge
for the research community.
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The goal of this guidance note is to provide guidance on how to establish a baseline to evaluate a variety
of new schemes and interventions based on pervasive technologies, such as smartphone apps.
The guidance is in the context of a positive incentives scheme using ICT enhanced mobility services,
however much of the guidance and the templates can be adapted to other types of Living Lab.
The guidance note is structured as follows. Following the introduction and overview of errors in collecting
a baseline, Section 2 clarifies which scenario we aim to collect for assessment purposes. Section 3 describes
different approaches to sampling that can be used to establish a baseline and what the advantages or
weaknesses are of each. Section 4 contains examples of data collection methods that can be used with each
approach to sampling. Finally, section 5 contains a checklist of sources of variation/error with each approach
to establishing a baseline, plus templates for self-assessment of planned methods.
Intended Audience
•
•

Researchers and principle investigators of projects concerned with assessing impacts within a LL
research environment
City authorities, municipalities, transport suppliers and others involved in implementing or 		
sponsoring a pervasive technology based scheme in practice (e.g. national department for Transport)

Citation
This note can be cited as follows: Grant-Muller S M, Hodgson, et al (2018) EMPOWER guidance notes,
http://empowertoolkit.eu/guidance-notes/
The EMPOWER project received funding from the European Unions H2020 research and innovation
programme under grant agreement number 636249 http://empowerproject.eu/
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Section 2.

Baseline overview

This guidance note starts from the premise that for the new scheme or intervention to be introduced in a
particular area, a ‘before and after’ approach to assessment will be used to measure the impacts and degree
of success.
It is assumed that a set of variables and KPI have been defined that capture the anticipated areas of impact
of the scheme and the success criteria. For example, if the scheme is intended to induce mode change,
the current mode of travel is needed as a baseline for the target population (e.g. commuters along a busy
corridor). If the KPI concerns a reduction in the use of conventionally fuelled vehicles (CFV), measured in
VehKM, then an estimate of the current VehKm travelled by CFV is needed.
Depending on the way in which the baseline estimate of e.g. current mode or current VehKm by CFV is
established, there may be a number of sources of error. Some detailed examples of these are provided in
Appendix A. The following generic sources of error also apply:
•

Seasonality – is the baseline being collected in the same month to the ex-post data?

•

Sampling error – unless the baseline is collected on exactly the same set of participants as those
who are then offered incentives, there will be a number of sources of sampling error according 		
to age/gender/income/home location/employment status/family status/main destinations/modes 		
available/ICT literacy and more

•

Exogenous changes – it is virtually impossible to control exogenous factors that influence 		
individuals’ choices, rendering the baseline data unrepresentative. Examples include: changes to cost
of living, change to the built environment, change to PT level or quality of service

•

Random error – even where the baseline is collected on exactly the same set of participants as
those offered incentives in a neutral month , there will be some natural variation in patterns of 		
choice that mean the baseline data differs from the ex-post data

Note: It is virtually impossible to completely eradicate all possible sources of error, bias and variation in
establishing a baseline for schemes delivered through ICT (i.e. smartphone).
As a result, the goal is to collect the ‘best possible’ baseline, subject to acknowledged weaknesses and
practical constraints
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Section 3.

What comprises the baseline?

In considering whether an impact has been generated by the scheme, there are different definitions of what
the baseline comprises. One approach is to use the current estimated levels of variables/KPI indicators and
to attribute any changes in those (following introduction of the scheme) to the scheme itself.
That approach is suboptimal as it misses the effects of 1) longer term trends (increases or decreases) that
would have resulted in changes regardless of the scheme implementation and 2) changes in exogenous
factors ie unrelated to the scheme, that will impact on the values of the variables/KPI, for example an
increase in interest rates or taxation on fuel.
As a result, a better approach is to aim to capture ‘business as usual’ levels of the variables and KPI. This
approach estimates what the values would be if the scheme were not introduced, but the continuation of
day-to-day business is reflected in some changes to the variables and KPI. This is reflected in figure 1 below.

Figure 1: Glensor, K, et al (2018) EMPOWER Deliverable 6.3, Ex-ante and ex-post impact assessment of
interventions.

Recommendation: try to capture Business-as-Usual (BAU) rather than measuring against a snapshot of the
system at the outset of the scheme.
BAU is likely to involve estimating a trend factor for current choices, which may involve collecting data
about mode choices over a period of time.
BAU may involve estimating the impacts of macro level changes, such as increases in fuel taxation.
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Some Key baseline considerations:
•

What data collection method is being used to establish the baseline (is it the same as that used for
ex-post evaluation)? Is more than one method planned for the baseline?

•

Is the goal to capture revealed travel choices (actual mode choice) or is it to capture an estimate of
current travel choice?

•

Over what time period (of travel) is data collected?

•

Is the set of people from whom the baseline is determined the same set of people used for ex-post
evaluation?

Recommendation: Whilst it will not be possible to get a perfect baseline, there are particular
combinations of data collection method, choice data, period of collection and sample choice that will give
a better quality baseline to others.
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Section 4.

Whose data is included in the baseline?

Assuming the scheme concerns the use of pervasive ICT (e.g. smartphone), there are different alternatives
for the inclusion of individuals’ data in establishing values for the baseline and ‘after’ scheme levels of KPI.
These alternatives are reflected in Figure 2, in which:
•

the ‘stick’ character indicates data collected on a single individual (subject or participant);

•

the group of stick characters indicates data collected and aggregated, averaged or otherwise 		
summarised for a cohort of people engaged with the scheme;

•

the database graphic represents data or information retrieved from existing databases such as 		
individuals who have subscribed to a particular service/app;

•

the ‘system’ graphic represents data collected at the system level which may not be attributable to
any individual, such as inductive loop counter data.

Figure 2: sampling of individuals for baseline determination and evaluation
In Figure 2, the quality of the baseline increases on the Y-axis, so that the best estimate of the BAU and
recommended approach to evaluation is to collect the same variables on particular individuals both before
and after scheme implementation. This is termed a ‘within-subject’ evaluation and reduces a number of
sources of variation.
The least preferable approach is to measure the variables/KPI for the system as a whole as a baseline (e.g.
long term % mode share private car) and then take a cohort level measure (e.g. % of mode share over
all people taking part in the scheme) as the ‘after’ data. This approach will include a number of sources
of variability and error in the analysis that may be larger than the size of the change resulting from
implementation of the scheme.
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Depending on the type of sampling envisaged, different data collection methods are possible and these
are shown in Figure 3. The figure summarises uses of automatic (smartphone/app) data collection, more
established methods such as paper based surveys and use of databases.
Figure 3 also draws a distinction between actual choice (from sensor data), stated choice (where individuals
report their recollected journey) and estimated choices (for example where individuals report ‘typical’ or
usual mode choice).
It should be noted that even high quality sensor data or location tracking is not without error, which should
be acknowledged before inferring from the analysis.

Figure 3: quality of baseline
Recommendation: use the highest quality method of data collection for the baseline and evaluation data that
is feasible with the design of your scheme, otherwise a lower quality for baseline is more acceptable than a
low quality for evaluation
Recommendation: aim to capture actual travel choice where possible, otherwise stated choices by recall
Recommendation: aim to capture (as a bare minimum) at least a calendar month of travel choice for the
baseline if possible, otherwise take at least two baseline snapshots
Recommendation: aim to use the same set of people for the baseline as for evaluation where possible,
otherwise a sample of the evaluation cohort.
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Section 5.

Annex

Appendix A: Sources of variation and error in alternative data collection methods
Appendix B: Baseline self-assessment exercise
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Appendix A: sources of variation and error in alternative data collection methods

Advantages
Track and
Trace data
from an app
with sensing
functionality,
downloaded
and used
without issuing
incentives for
an initial
period,

Paper based
questionnaires
on actual
journeys taken
– at the point
of individuals
registering to
be incentive
scheme
participants

Disadvantages



Automatic - low user burden



Data already involves a bias (app acting as an incentive)



Possible to capture a high proportion of
journeys per user



Users may delete app (battery, boredom etc), hence lose
participants



Low upfront cost to the city stakeholder





Possible to capture a high proportion of the
participants

T&T has errors such as mode detection, fine grain route
detection



Anonymization may result in loss of some information at
start and end of journey



Users can switch off app for privacy and may forget to reinstate – loss of data



Skilled resources may be needed for analysis



High proportion of complete information



Possible to collect data over a reasonable
period of time



No resource requirement for manual data
entry



Reduced manual data entry errors



Possible to sample over a wide geographic
area



Potential to capture data whilst individuals
are motivated to participate



High user burden i.e. to remember trips and fill in
questionnaire



Doesn’t require ICT skills from participants



High chance of recall related errors



Low demand on technology (battery,
interface etc)



High chance of missing or inaccurate data or
misinformation



Incentives scheme can start immediately
user downloads app – not intrusive to
scheme



Only practical to ask about recent journeys over short
time period





Possible to capture associated variables
(demographic etc)

Effort may dissuade some population segments from
staying with the scheme



Resource requirement for manual data entry



Manual data entry errors

Self-reporting
on actual
journeys taken
via paper
based diaries,

Self-reporting
on actual
journeys taken
via
ICT/website,



Administration costs of producing and collecting
questionnaires

individuals who take part are likely to be
motivated to participate in scheme (but see
disadvantage of bias)



High user burden i.e. to remember to fill in diary





High chance of missing or inaccurate data or
misinformation

Doesn’t require ICT skills from participants





Low demand on technology (battery,
interface etc)

Only practical to use over a short time period, which may
not be representative of usual travel





Inconvenience payment may be needed

Incentives scheme can start immediately
user downloads app – not intrusive to
scheme



Effort may dissuade some population segments from
staying with the scheme – introduces sampling bias



Possible to capture wide range of
associated variables (demographic,
weather conditions etc etc)



Resource requirement for manual data entry



Manual data entry errors



Administration costs of producing and collecting diaries



High user burden i.e. to remember to go to website to
report trip



Requires ICT skills from user





Possible to capture more complete data
than questionnaire on registration or other
methods



individuals who take part are likely to be
motivated to participate in scheme (but see
disadvantage of bias)



Doesn’t require ICT skills from participants

Self-reporting
on actual
journeys taken
through app
mini-q’aire



Low demand on technology (battery,
interface etc)



High chance of missing or inaccurate data or
misinformation



Incentives scheme can start immediately
user downloads app – not intrusive to
scheme



Less practical to use over a prolonged period of time,
introducing the possibility of bias in travel reported





Inconvenience payment may be needed

Possible to capture wide range of
associated variables (demographic,
weather conditions etc etc)



Effort may dissuade some population segments from
staying with the scheme – introduces sampling bias



Possible to capture more complete data
than questionnaire on registration or other
methods



ICT interface needed within existing software that may
require development



Good correspondence between baseline
sample and incentives sample (ie the
same individuals)



Risk of user burden through annoyance (depending on
set-up)



High chance of missing or inaccurate data or
misinformation



Less practical to use over a prolonged period of time,
introducing the possibility of bias in travel reported



ICT interface needed within existing software that may
require development



Data already involves a bias (app acting as an incentive)



Users may delete app (battery, boredom, irritation etc),
hence lose participants and/or introduce bias



Users can switch off app for privacy and may forget to reinstate – loss of data



Lower requirement on ICT skills from
participants (likely to be simple choices)



Incentives scheme can start immediately
user downloads app



Possible to capture very limited range of
associated variables (demographic,
weather conditions etc etc)



Lower admin burden on participants



Data can be captured directly into analysis

Existing data
collection on
current CFV
use (e.g.
through an
existing
database,
generally used
for another
purpose)



Unlikely to dissuade individuals from
taking part in the scheme (but see
retention problem)



Lower reliance on users recall



Low user burden



Unlikely to reduce participation in scheme



Lower administration costs for stakeholder
and user



Sample may be determined by ‘who is in the database’
rather than by ‘best design’ – sources of bias



Geographic spread will be determined by database



Admin cost on pre-processing, filtering, correction etc



Low requirement on ICT skills from
participants



Access to data may be subject to ‘access charge’ or other
institutional or political barriers



Incentives scheme can start immediately
user downloads app



Care may be needed with individuals consent on how
data can be used



Possible to capture some associated
variables (depends on nature of database)





Data can be captured directly into analysis

Secondary use of data may result in lower levels of
participation (assuming baseline sample are also
intended participants)



Low reliance on users recall





Data may be available over a long period

If scheme participants are recruited through a different
means, (ie database is used to estimate a general
baseline), there will be a number of sampling errors



Depending on database, data may be
either accurate or inaccurate



May be possible to collect large volumes
of data



May be possible to sample across a large
geographic location

Self-reporting
on ‘usual’
mode of
transport
through paper
diaries,
website or app
mini-q’are

All the advantages from self-reporting of actual
mode through these means, except the following:

Existing data
collection used
to provide an
estimate of
current CFV

All the advantages from use of existing database
to provide current use of current CFV except the
following:

Control group

Depending on how the control group is
determined (ie what data collection method is
used), some or all of the advantages of particular
methods apply, plus:

All the disadvantages of self-reporting of actual mode through
these means, plus:



Possible to capture very limited range of
associated variables (demographic,
weather conditions etc)



If participants are asked about usual/typical mode choice,
it is unlikely some forms of associated data will be
available, although personal demographic may be



Lower reliance on users recall



Relies on participants perception of what is usual



Possible to capture more complete data



May not capture complete data either for a particular
journey type or for a particular time period





All the disadvantages from use of existing database to provide
current use of current CFV. Plus:


Data is an estimate and therefore may be inaccurate

Depending on database, data may be
either accurate or inaccurate

Low user burden on the actual participants
of the incentives scheme (control group
are not offered incentives)

Depending on how the control group is determined (ie what data
collection method is used), some or all of the disadvantages of
particular methods apply, plus:


It may be extremely difficult to establish a ‘pure’ control
group or one which is properly representative of the
scheme participants



If the data collection method used with the control group
is different to the data collection method used with the



Comparator
group

Depending on how the Comparator group is
determined (ie what data collection method is
used), some or all of the advantages of particular
methods apply, plus:




Other (state
which)

Depending on sampling method, may be
possible to get reasonably representative
control group

Low user burden on the actual participants
of the incentives scheme (control group
are not offered incentives)
Depending on sampling method, may be
possible to get a fair quality comparator
group

participants, there will be some additionality in the
sources of error, bias etc


A control group may require significant reward to act as a
control group

Depending on how the comparator group is determined (ie what
data collection method is used), some or all of the
disadvantages of particular methods apply, plus:


It may be extremely difficult to establish a properly
representative comparator group



If the data collection method used with the comparator
group is different to the data collection method used with
the participants, there will be some additionality in the
sources of error, bias etc



A comparator group may require significant reward to act
as a comparator group, if the comparator is subject to
active data collection

Appendix B: Baseline self-assessment exercise
The self-assessment exercise comprises the following steps:
•

Summarise the planned approach to establishing a baseling

•

Reflect on Strengths, Weaknesses and Opportunities for current plans to define the baseline:

•

Conduct a checklist of rationale for why particular methods possible are not being used in the TUC/LL

•

Re-consider whether plans to establish the baseline are sufficiently robust and re-formulate as appropriate

Name of TUC/LL:

Current methods planned to collect baseline:

1)
2)
3)
4)

Strengths, Weaknesses and Opportunities for current plans to define the baseline:

Strengths

Weaknesses

Opportunities

Checklist of potential methods against intended method

TUC/LL
already
intends to
use this
method
(tick)
Track and Trace data from an
app with sensing functionality,
downloaded and used without
issuing incentives for an initial
period,
Paper based questionnaires on
actual travel choices – at the
point of individuals registering to
be participants
Self-reporting on actual journeys
taken via paper based diaries,
Self-reporting on actual journeys
taken via ICT/website,
Self-reporting on actual journeys
taken through app mini-q’aire
Existing data collection on
current CFV use (e.g. through an
existing database, generally used
for another purpose)
Self-reporting on ‘usual’ mode
of transport through paper
diaries, website or app miniq’are
Existing data collection used to
provide an estimate of current
CFV
Control group
Comparator group
Other (state which)

Rationale for why this method is not being used
in the TUC/LL
(avoid N/A)

