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Abstract
Perceived travel times of travelers are usually longer than actually realized travel 
times, implying that passengers’ experience of travel time savings is different from 
objectively calculated savings. This study provides additional empirical evidence 
on this topic, by comparing the passengers’ perceived travel times reported in an 
(online) survey with their corresponding actual in-vehicle travel times from Auto-
matic Vehicle Location (AVL) data. The case study involves the metro, tram and bus 
network of Amsterdam, the Netherlands. On average, travelers perceive their travel 
time to be 1.9 min (11%) longer than their actual realized travel time. The perceived 
values match the scheduled values slightly better than the actually realized values. 
Furthermore, we found a larger travel time over-perception for metro compared to 
tram and bus. This is a counter-intuitive result, since the metro has been found to 
have a less negative travel time perception than busses in the public transport choice 
modelling literature. When the travel purpose is considered, the leisure time pur-
poses recreation and shopping have a significantly smaller travel time over-percep-
tion than work-related journeys. Opening a new metro line did not have a significant 
influence on the travel time perception of travelers in Amsterdam.

Keywords Travel time perception · Urban public transport · Travel survey data · 
Vehicle location data

 * Ties Brands 
 tiesbrands@hotmail.com

1 Department Transport and Planning, Delft University of Technology, P.O. Box 5048, 
2600 GA Delft, The Netherlands

2 Goudappel Mobility Consultants, P.O. Box 161, 7400 AD Deventer, The Netherlands
3 Delft University of Technology, P.O. Box 5048, 2600 GA Delft, The Netherlands

http://orcid.org/0000-0002-4939-5934
http://crossmark.crossref.org/dialog/?doi=10.1007/s12469-022-00298-0&domain=pdf


86 T. Brands et al.

1 3

1 Introduction

When a new infrastructural public transport (PT) project is realized, it is typically 
aimed at improving PT service quality (i.e. shorter travel times, shorter waiting 
times, less transfers). These service aspects and related ridership impacts can be 
measured objectively by using automated data sources, like smart card data (see 
e.g. Kurauchi and Schmöcker 2017) and automated vehicle location (AVL) data 
(see e.g. Hickman 2004). In Brands et al. (2020) we analyzed the impacts of the 
introduction of a new metro line based on both of these data sources. However, 
perceived travel times are usually worse than the actual travel times, implying 
that passengers experience more travel time savings than calculated based on the 
objective savings (Meng et al. 2018; González et al. 2015; Diab and El-Geneidy 
2012).

Although the idea of distortion of travel time perception is not new (O’Farrell 
and Markham 1974), so far only few studies have looked at the perception of 
travel times in public transport. Several legs of the public transport journey were 
studied, which are known to have different valuations by travelers (Wardman 
2014): in-vehicle travel times (Meng et al. 2018; Diab and El-Geneidy 2012; Var-
otto et al. 2014), waiting times (Fan et al. 2016; Psarros et al. 2011; Watkins et al. 
2011), walking times (Dewulf et al. 2012) and transfer times (Hua et al. 2018).

Some of these studies use manual tracking (Meng et  al. 2018; Psarros et  al. 
2011) or assignment models (Varotto et al. 2014) for estimating the actual travel 
times. A stream of research utilizes GPS tracking data as an alternative/supple-
ment to household travel survey/travel dairy data (Kelly et  al. 2013), with the 
more recent ones using smartphone applications for such measurements (for 
example Delclòs-Alió et al. 2017; Nitsche et al. 2014). Although very accurate, 
such data requires the respondents to wear a GPS tracking device or smartphone, 
which can be expensive in terms of collecting and returning the device. Addition-
ally, it may impose a high burden on the smart phone battery.

Kelly et  al. (2013) reviewed multiple studies comparing GPS measured travel 
times against those reported in a survey, and noted that in the studies where the two 
travel times were matched pairwise, surveys tend to over-report travel times by 3 to 
6.5 min (9.2–34.2%) per journey in the case of matched studies. Amongst the more 
recent studies, Delclòs-Alió et al. (2017) compared the survey reported travel times 
to the actual travel times measured using a smart phone application, and found that 
most public transport travelers marginally under-perceive their travel times. Both 
Meng et al. (2018) and González et al. (2015) found the survey reported times to be 
higher on average than the actual ones. Meng et al. (2018) found that the travel time 
perception is influenced by the respondent’s socio-economic characteristics, trip 
characteristics and facility usage, whereas the gender and trip purpose were found 
to not have an impact. Further, González et al. (2015) noted in their study of tram 
travelers that some of the factors explaining travelers’ perceptions are different for 
those who over-perceive versus under-perceive the travel times.

The contribution of this study is to provide additional empirical evidence to 
the limited number of studies on travel time perception of urban public transport 
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travelers. Specifically for PT data, AVL data provides a good source for actual 
travel times. Hence in this study, we compare (online) survey-reported travel 
times with their corresponding actual travel times from Automatic Vehicle Loca-
tion (AVL) data. Diab and El-Geneidy (2012) also use AVL data for calculating 
bus travel times but use an aggregate value of travel time for each route. In this 
study we undertake a pair-wise matching of each observation with corresponding 
AVL data, providing a more realistic measurement of realized travel times. We 
investigate the extent to which travel time perceptions as reported in the online 
survey differ from measured actual travel times.

Furthermore, we investigate differences among a distinct type of trips (travel 
time, mode, number of transfers and trip purpose), among groups of travelers (fre-
quency of PT use, general attitude towards PT and personal respondent’s character-
istics like age, employment, education and income) and between the times before 
and after opening the new metro line.

The remainder of this paper is structured as follows. In Sect. 2, the data sources 
(travel survey data and AVL data) are described, as well as the used methods to com-
pare data sets. In Sect. 3, the case study in Amsterdam, the Netherlands is described. 
Section 4 presents the results of the perceived vs. actual travel time comparison. In 
Sect. 5, conclusions and recommendations for further research are given.

2  Data sources and method

2.1  Travel survey

The online travel survey was conducted among respondent panels containing inhab-
itants from the municipalities of Amsterdam, Purmerend and Zaanstad (the Nether-
lands), both in June 2018 (before opening the new metro line) and June 2019 (after 
opening). The survey had approximately 3500 respondents each for both before and 
after opening the metro line. In these respondent panels, age 65 + was overrepre-
sented (31% in the survey panel and 13% in the population, see Table 1) and the 
male gender was slightly overrepresented (58% in the survey panel and 50% in the 
population). In both measurements the same respondent panels were used, so it is 
likely that a part of the respondents answered the surveys both before and after the 
opening of the metro line. However, the respondents were anonymized for privacy 
reasons, so we do not know this for sure.

The following information was collected from each respondent about their last 
PT journey: origin and destination PT stops, number of transfers, mode(s) used, 
travel purpose, journey date and departure time. Furthermore, personal character-
istics and general attitude toward PT were asked for. For the reported last PT jour-
ney, respondents were asked to report the travel times for each leg of the journey 
(access, waiting at first stop, in-vehicle, transfer and egress). Figure 1 shows the 
different components of travel times that were requested to each survey respond-
ent (shown in the figure for the case of journey with one transfer). These reported 
times are the times as perceived by the traveler.
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Each of these travel time attributes is shortly described below:

• Access and egress times. The access time corresponds to the travel time from 
the traveler’s origin location (such as home or workplace) to the chosen PT 
stop where he/she boards the first PT vehicle. Similarly, egress time corre-
sponds to the time taken to travel from the last PT stop to their destination 
location. For the access and egress legs of the journey, usually non-PT modes 
are used. Access and egress distance could be derived from home and des-
tination addresses reported in relation to origin and destination stops. How-
ever, translating distance to travel time would need travel speeds, which vary 
greatly from person to person, especially for walking and bicycle.

• Waiting time at the first stop (origin). In the survey also the origin waiting 
time is reported by respondents. However, since the realized arrival time of 
the respondent at the origin stop is not known with surety, the corresponding 
actual average waiting time cannot be derived accurately from the AVL data.

• In-vehicle time(s). These times include the part of the journey undertaken in 
a PT vehicle. In case of journeys with transfer(s), the in-vehicle time for each 
journey -leg is recorded separately. Since the departure time information is 
known as well, this data can be matched against the AVL data.

Table 1  Representativeness of the survey data

Education level Gender Age Panel share 
(%)

Popoulation 
share (%)

Difference (%)

Lower education Female Below 65 7 10 − 3
Lower education Female 65 or older 3 2 2
Lower education Male Below 65 10 10 0
Lower education Male 65 or older 7 1 6
Higher education Female Below 65 25 34 − 9
Higher education Female 65 or older 7 5 2
Higher education Male Below 65 27 33 − 6
Higher education Male 65 or older 14 4 10

Fig. 1  A public transport journey consisting of separate legs
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• Transfer time. This includes the walking and waiting time at each transfer location. 
For realized transfer time, we observe a large variation in the studied time inter-
val of ± 15 min, depending on whether a travel option had a good or bad realized 
connection. Furthermore, for very small transfer times it is not sure if a traveller 
was able to walk fast enough to catch the transfer or not. That is the reason for not 
including transfer times in the analysis either, since the realized times are not reli-
able enough for comparing them with the reported times.

The various travel time components presented above are valued differently by travel-
ers (Wardman 2014), and therefore would be interesting to investigate separately. In this 
study, we focus on the in-vehicle travel time component of the journey, since it can be 
directly matched with the AVL data, which is described in the subsequent paragraphs.

2.2  Realized travel times

In the Netherlands, AVL data is available as open data (Van Oort et al. 2015) and pro-
vides the realized and planned departure and arrival times at each stop for each PT trip. 
Based on the survey reported date, time, line, origin stop and destination stop, the cor-
responding vehicle trips were identified from the AVL data. A time interval of ± 15 min 
from the survey-reported departure time was used, to account for a possible error in 
departure time reporting by travelers. Due to this possible reporting error, taking the 
average AVL times over a 30-min time interval is expected to be more reliable than 
exactly matching them to a single AVL-trip. The average travel time (from stop to stop) 
for all vehicle trips within this time interval was used as actual (realized) travel times. 
Furthermore, the (average) planned travel time was derived from this data.

For journeys without transfer, if the origin and destination stop were correctly 
reported by the respondent, it is directly clear which AVL times to include. For jour-
neys with a transfer, multiple transfer stops could exist between origin and destination 
stop. The surveys in June 2018 and June 2019 were slightly different in this regard: in 
the first survey, the transfer stops were not reported and in the second survey these were 
explicitly reported. From the AVL data all travel options (i.e. possible transfer stops) 
were derived and the corresponding travel times were calculated. For the first survey, in 
those cases with more than one possible transfer stop, the most plausible transfer stop 
was selected manually from the options available. In most cases, this was the option 
with the shortest total travel time, but it could also be a logical hub station over an on-
street stop. For the second survey, the transfer stop was reported by the traveler, so the 
manual selection was not needed. However, the second survey confirmed that the man-
ual selection of the transfer stop in most cases resulted in the same station as reported 
by the traveler.

2.3  Travel time comparison and statistical testing

Once each observation in the survey is matched with corresponding vehicle 
trip(s) in the AVL data, the difference between perceived and realized in-vehicle 
travel times is calculated in absolute (formula 1) and relative values (formula 2).
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t
diff
r   absolute travel time difference (perceived vs. actual) for respondent r
trel
r

   relative travel time difference (perceived vs. actual) for respondent r
tsurv
r,d,t,l,i,j

   in-vehicle travel time reported by respondent r for date d, time t, on line l, 
from origin stop i to destination stop j

tAVL
d,t,l,i,j

   in-vehicle travel time measured using AVL data for date d, time t, on line l, 
from origin stop i to destination stop j

To exclude unreasonable data points, reported travel times with an absolute 
deviation larger than 17.5 min or relative deviation larger than a factor 2 from the 
actual travel times were excluded from the analysis. After removing the outliers, 
the differences were averaged per mode, number of transfers, journey purpose, 
travel frequency, attitude toward PT and whether the data was collected before or 
after the opening of the new metro line.

When differences between groups were identified, the difference was tested 
statistically by a two-tailed student T-test, assuming that both groups potentially 
have a different variance. In the result sections the P-values of these tests are 
mentioned. The tests were applied to the absolute difference results (perceived 
travel time minus actual travel time). We do not use a hard threshold value for 
significance: some results are significant on the 0.99 level (P < 0.010), but when 
relevant also some results of lower significant levels are presented.

3  Case study

In this section the case study is described in more detail. First the city and PT-
network of Amsterdam are described. Next, the network change in relation to the 
new metro line is described in more detail.

3.1  Amsterdam and its public transport network

Amsterdam has about 850,000 inhabitants within its municipality borders. The 
transit authority ‘Vervoerregio Amsterdam’ also covers the surrounding area 
(with towns like Amstelveen, Hoofddorp, Zaanstad and Purmerend) of 950  km2 
with about 1,500,000 inhabitants (see Fig.  2). Before the opening of the new 
metro line, the area was served by 25 train stations, 4 metro lines with 51 metro 
stations, 15 tram lines and several urban and regional bus lines. The broad river 
IJ divides the city into two parts, where the city center is situated in the larger 

(1)tdiff
r

= tsurv
r,d,t,l,i,j

− tAVL
d,t,l,i,j

(2)trel
r

=

tsurv
r,d,t,l,i,j

− tAVL
d,t,l,i,j

tAVL
d,t,l,i,j
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southern part. The northern part of the city was only served by buses; it is also 
connected to the rest of the city by 6 ferry connections. All metro, tram and bus 
lines have the same fare system (a fixed start fare combined with a distance-based 
fare). Several towns North of Amsterdam (like Zaanstad, Purmerend and Volen-
dam) are connected to the city by bundles of high-frequency regional bus lines.

3.2  The north–south metro line

The new metro line connects the Amsterdam Zuid station to the Noord neighbour-
hood, passing through the Amsterdam central station and the dense city center. The 
opening of the new line was accompanied by changes to the existing bus and tram 
network to provide feeder services to the new line, as well as to remove duplicate 
routes (Stadsregio Amsterdam 2015). Especially in the northern area, buses are now 
designed as feeder services for the metro line: a traveler crossing the river can now 
only take the metro (or ferry). A removal of duplicate routes mainly applies to tram 
routes in the city center, to and from the central train station. A conceptual visuali-
zation of these network changes are shown in Fig. 3. More background information 
on the network change can be found in Brands et al 2021.

Fig. 2  Area of the Vervoerregio Amsterdam (Vervoerregio 2021)
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4  Results

4.1  Survey results overview

Of all the reported journeys, only those with 0 or 1 transfers made by the bus, tram 
and/or metro are considered (see Table 2). This includes trips with transfer between 
different modes (multimodal trips; for more background information on this type 
of trips in the context of Amsterdam, see Dixit et al. 2019). Furthermore, observa-
tions with one or more empty fields, or the ones which could not be matched with 
the AVL data were removed from the analysis. Finally, outliers (with unrealistically 
large deviation values) are removed from the dataset. To include as much observa-
tions as possible, the analyses are conducted on the combined dataset (both before 
and after the opening of the new metro line). Although this may impact the results 
due to change in network characteristics, we expect this impact to be small, because 
we do not observe a significant difference in travel time perception between these 
two datasets (see Sect. 4.2.8).

The survey enabled respondents to fill in their perceived travel time values as 
integer values (in minutes). However, 68% of the given answers can be divided by 
5 min, implying an inherent uncertainty in the perceived values. This is illustrated in 

Fig. 3  Conceptual visualization of network changes in the tram network (left) and the bus network 
(right). The Metro is shown in blue (the most Western metro line is the new north–south line) and trams 
and buses are shown in orange (Stadsregio Amsterdam 2015)

Table 2  Number of observations 
in the survey

Variable Before opening After opening

Total respondents 3684 3441
Last PT journey available 2687 2602
0 or 1 transfers 1964 2039
Trips with bus, tram and/or metro 1222 1284
Date, time, line and stops available 872 857
Perceived travel time available and 

matched with AVL data
581 556

After removing outliers 555 500
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Fig. 4, which shows the frequency of reported values for in-vehicle time up until val-
ues of 30 min. Rietveld (2001) made a similar observation by noting that the round-
ing of travel times in travel surveys is “a rule rather than an exception”. They further 
highlight the higher probability of rounding upward rather than downward, leading 
to higher average of rounded reported values compared to the actual travel times. 
In our study, the rounding not only impacts the reported travel times but also the 
reported departure times. When we match the corresponding AVL trip, we take a 
time window of ± 15 min to account for this.

4.2  Perceived travel times

All valid observations for perceived and actual in-vehicle travel times were com-
pared pair-wise (reported time in survey vs. measured time from AVL data), both in 
absolute (formula 1) and relative terms (formula 2). When the perceived travel time 
is lower than the actual time, it is shown as a negative value.

Figure 5 shows that ~ 45% of the respondents report a similar travel time as the 
actual or planned travel time. There are more people (~ 40%) with a longer travel 
time perception than with a shorter perception (~ 15%). This result is in line with the 
findings of Meng et al. (2018) and González et al. (2015), but contradicts those of 
Delclòs-Alió et al. (2017). It should be noted that in the latter study, the actual travel 
times were measured by smart phone data, as opposed to the first study where actual 
travel times were manually tracked, which may have caused the different result. The 
perceived travel times were collected in a comparable way.

On average, in-vehicle travel times are perceived almost 2 min (11%) slower than 
the real values from AVL data. As described in Sect. 4.1, this could also be partly 
due to the rounding of reported travel time values by respondents.

The perceived values match the planned values slightly better than the actual real-
ized values. The realized values in general are lower on average compared to the 
planned values, because the timetable is designed based on higher (i.e. more than 
50th) percentile values of realized values of the previous timetable design period.
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In each of the following subsections the perceived vs. actual comparison is made 
with different distinctions: by reported travel time, mode, purpose, travel frequency, 
attitude toward PT and other personal characteristics. Finally, a comparison is made 
for before and after opening of the new metro line.

4.2.1  Total travel time

We find that the perception of travel time is influenced by the length of travel time 
(Fig.  6). In general, as the travel time increases, a higher proportion of travelers 
perceive it to be less than the actual travel times, and for shorter journeys, more 
travelers over-perceive the travel times. Delclòs-Alió et  al. (2017) also found that 
for shorter trips, travelers perceived the travel times to be longer on average than the 
actual one, whereas for longer trips the average perceived time was shorter than the 
actual one. Similar observations were made by González et al. (2015) for tram trips 
and by Peer et al. (2014) for driving trips.

4.2.2  Mode

The difference in perceived versus actual travel times varies by main mode (Table 3). 
For multimodal trips respondents were asked to report the main mode, so it is the 
mode which is the most important for the journey according to the traveler.

In absolute terms, the travel time perception for the tram is slightly more posi-
tive compared to bus (P = 0.035) and metro (P = 0.026). However, due to the relative 
long average travel time for bus trips, and short average travel time for metro trips in 
relative terms, the metro is perceived more negatively than the other two modes. The 
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values for the tram, compared to the bus, are as expected, since in general travelers 
have a more positive attitude towards rail-based modes compared to buses. However, 
the results for the metro do not agree with this. Possibly this could be due to (some) 
passengers already starting to perceive metro in-vehicle travel time when entering 
the station, instead of entering the vehicle. It could also be related to the generally 
short travel times on the metro (see previous section). Another possible explana-
tion is a relation with travel purpose (see Sect. 4.2.3): the tram is more frequently 
used for leisure-related purposes than the metro, and leisure-related purposes have a 
smaller travel time over-perception than other purposes (see Sect. 4.2.4).

In Fig. 7 the box plots show the variation in observations, depending on the 
mode. The variation within bus and tram is comparable, and the values for the 
tram are lower for all percentile values, except the lowest value. For the metro 
the variation is smaller than for bus and tram, related to the shorter average 
travel time for that mode.

4.2.3  Number of transfers

In Table 4 the results are shown for distinguishing between journeys with 0 or 
1 transfers and a journey on the urban PT network of Amsterdam vs. journeys 
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Table 3  Perceived travel time 
from survey vs. actual travel 
time from AVL data, by mode

Bus Tram Metro All modes

Number of observations 317 434 304 1055
Average actual travel time 22.9 16.0 13.2 17.2
Average deviation 2.2 1.5 2.1 1.9
Relative deviation 9.7% 9.1% 16.2% 11.0%
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(with main leg of the journey) on the regional bus network. For journeys with 
1 transfer, the in-vehicle time is over-perceived more than for journeys with 0 
transfers (P = 0.003 when comparing 0 transfer with 1 transfer—urban and 
regional combined). Partly this is due to longer average travel times on these 
journeys, but also in relative terms a larger deviation is observed. Furthermore, 
on regional buses the travel time is over-perceived more than on the urban PT 
network, but this seems to be related to larger average travel times of these jour-
neys, since the relative deviation is smaller.

4.2.4  Purpose

When distinguishing by purpose (Table  5), some interesting observations can be 
made. The leisure time purposes recreation and shopping have a significantly lower 
travel time over-perception than work-related journeys (P = 0.000 for recreation and 
shopping combined vs. work). The purpose social is also usually a leisure time pur-
pose, but in most cases more time constrained/less flexible than recreation and shop-
ping, which explains the larger travel time over-perception (the difference between 

Fig. 7  Difference between perceived and realized travel times by mode (showing the minimum, 25th, 
50th, 75th percentile and the maximum values as box plot and average value as cross)

Table 4  Perceived travel time from survey vs. actual travel time from AVL data, per category number of 
transfers and urban/regional PT

Urban PT 0 
transfers

Urban PT 1 
transfer

Regional bus 0 
transfer

Regional 
bus 1 
transfer

Number of observations 678 161 140 76
Average actual travel time 14.2 20.5 23.5 31.6
Average deviation 1.5 2.5 2.2 3.2
Relative deviation 10.7% 12.3% 9.3% 10.0%
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combined shopping/recreational and social is not statistically strong: P = 0.061). 
However, social purpose journeys still have a smaller travel time over-perception 
then work-related journeys (P = 0.038). Medical and education have large deviations, 
which is expected due to more negative feelings related to these purposes. However, 
due to the small number of observations in these categories this evidence is weak 
(when comparing recreational and shopping combined with medical P = 0.005 and 
when comparing them to education P = 0.059).

In Fig. 8 the box plots show the variation in observations, depending on purpose. 
The percentile values in general are in line with the trend in average values, except 
for education, where there is a somewhat larger spread, due to the small number of 
observations. Despite the overlap shown between the values in the box plots, the dif-
ferences between purposes as described above appeared to be statistically significant 
due to a large enough number of observations available per purpose.

4.2.5  Time of day

When distinguishing by time of day (see Table 6), AM peak is defined as reported 
departure time between 7 and 9  AM and the PM peak is defined as reported 

Table 5  Perceived travel time from survey vs. actual travel time from AVL data, by purpose

Education Work Business Social Recreation Shopping Medical

Number of observations 24 333 53 200 249 114 60
Average actual travel time 18.9 20.3 16.4 16.2 16.4 16.6 17.1
Average deviation 3.2 2.6 1.8 1.8 1.1 0.9 2.9
Relative deviation 16.8% 12.9% 10.8% 10.9% 6.7% 5.4% 16.8%

Fig. 8  Difference between perceived and realized travel times by purpose (showing the minimum, 25th, 
50th, 75th percentile and the maximum values as box plot and average value as cross)
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departure time between 4 and 6 PM. We can observe that the travel time deviation 
is larger in the AM peak than in the other time periods (P = 0.002 when comparing 
AM peak with PM peak and the rest of the day combined). This result is expected, 
because we expect more work-related purposes in the AM peak and vehicles are 
more crowded in the peak periods. A similar, but less strong effect was expected for 
the PM peak, but we do not observe any difference with the rest of the day. Possible 
explanations for that are more mixed purposes in the PM peak and people being 
more relaxed when going home in the PM peak then when going to work in the PM 
peak.

4.2.6  Travel frequency

More frequent travelers turn out to have a larger deviation in reported travel time 
vs. actual travel time (Table 7), especially very frequent travelers (4 or more times 
per week) vs. less frequent travelers (P = 0.008). This result was not expected, since 
more frequent travelers have more experience in travelling and therefore could 
be more accurate in reporting travel times, but it is in line with the findings from 
González et  al. (2015). A possible explanation is a correlation with purpose: lei-
sure time purposes have lower travel frequencies and, therefore, a smaller travel time 
over-perception.

4.2.7  Attitude toward public transport

The general attitude toward PT was measured in the survey by asking to assess 
the general quality of PT in Amsterdam by giving a grade (1–10). A clear rela-
tion can be observed (see Table 8): travelers who assess the quality of PT with a 
higher grade, have a smaller travel time over-perception. It should be noted that 
the number of observations for the lowest and highest grade are too low to pro-
vide strong evidence. Grades below five were only rarely given and are therefore 
excluded.

4.2.8  Other personal characteristics

Several other personal characteristics of respondents were tested for significant 
differences in travel time perception: age, employment, education and income. 
No significant results could be found, due to small differences or due to small 

Table 6  Perceived travel time from survey vs. actual travel time from AVL data, by time of day

AM Peak PM Peak Rest of the day Weekend

Number of observations 145 122 562 226
Average actual travel time 21.3 17.3 17.2 16.7
Average deviation 3.0 1.8 1.8 1.6
Relative deviation 14.2% 10.1% 10.2% 9.3%



99

1 3

Perceived and actual travel times in a public transport network

numbers of observations per group. However, some notions can still be made in 
this section.

For age, older respondents (65  year and older) have a slightly smaller travel 
time over-perception, partly because of more leisure-related purposes in this age 
group. Here is a relation with employment as well: retired respondents have a 
slightly smaller travel time over-perception. With regard to the educational level, 
no differences in travel time perception pop up. Finally, the second-highest 
income group has a slightly higher travel time over-perception then the highest 
income group. However, the third-highest income group again has a lower travel 
time over-perception then the second-highest group, leading to the conclusion 
that no clear trend can be observed here.

4.2.9  Before or after opening the new metro line

In Table 9 the results gathered before opening the new metro line are compared 
with the results of after opening the new line. Travel time over-perception has 
increased a little, but this is not significant (P = 0.576). In relative terms, the 

Table 7  Perceived travel time 
from survey vs. actual travel 
time from AVL data, per 
category of travel frequency

4 or more 
times per 
week

1–3 times 
per week

1–3 times 
per month

Number of observations 355 515 185
Average actual travel time 19.0 16.8 17.5
Average deviation 2.4 1.7 1.4
Relative deviation 12.7% 10.0% 8.2%

Table 8  Perceived travel time from survey vs. actual travel time from AVL data, per category attitude 
towards PT

5 6 7 8 9 10

Number of observations 27 96 325 462 106 17
Average actual travel time 17.0 18.4 17.9 17.4 17.3 23.3
Average deviation 2.9 2.4 2.1 1.8 1.2 0.5
Relative deviation 17.0% 13.2% 11.9% 10.1% 6.9% 2.2%

Table 9  Perceived travel time 
from survey vs. actual travel 
time from AVL data, before and 
after the opening of the new 
metro line

Before After Total

Number of observations 555 500 1055
Average actual travel time 18.3 15.9 17.2
Average deviation 1.8 2.0 1.9
Relative deviation 9.9% 12.4% 11.0%
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effect is larger, because the average travel time has gone down after the opening. 
The lower average travel time can be partly explained by trips on the new metro 
line, which are in general relatively short. It was expected that the travel time per-
ception in the entire city of Amsterdam would not change significantly due to the 
new line, but the sign of the effect is not as expected: a new metro line would in 
general mean a more positive experience for the traveler.

5  Conclusions and recommendations

5.1  Conclusions

Perceived travel times of travelers are usually longer than actually realized travel 
times, implying that passengers’ experience of travel time savings is different 
(larger) from objectively calculated savings. This study provides additional empiri-
cal evidence for urban PT in addition to the limited literature on the topic so far. 
We compare passenger travel times reported in an (online) survey (looking back 
to their last public transport journey) with a realistic measurement of their corre-
sponding actual in-vehicle travel times using Automatic Vehicle Location data. We 
investigated differences among a distinct type of trips (travel time, mode, number 
of transfers and trip purpose), among groups of travelers (frequency of PT use, gen-
eral attitude towards PT and personal respondent’s characteristics like age, employ-
ment, education and income) and between the times before and after opening the 
new metro line.

On average, we found that travelers perceive their travel time to be 1.9 min longer 
(11%) than their actual travel time. This finding is in line with earlier literature, 
where perceived travel times are reported longer than actual travel times as well 
(Kelly et  al. 2013; Meng et  al. 2018). This may be partly caused by rounding of 
reported travel times, which is common in surveys (Rietveld 2001). Furthermore, 
the perceived values match the scheduled values slightly better than actually realized 
values and for shorter journeys travel time over-perception is larger.

When looking at subgroups of travelers, some interesting observations could be 
made. First, we found a larger travel time over-perception for the metro compared 
to tram and bus. This is a counter-intuitive result, since the metro has been found to 
have a less negative travel time perception than busses in the public transport choice 
modelling literature (see for example Anderson et al. 2017). This is probably caused 
by the different research perspective.

Second, when the travel purpose is considered, leisure time purposes, such as rec-
reation and shopping have a significantly smaller travel time over-perception than 
work-related journeys. This is also reflected in the larger travel time over-perception 
in the AM peak than in the PM peak and in the rest of the day.

Third, frequent travelers turn out to have a larger travel time over-perception com-
pared to less frequent travelers. This was not expected, since more frequent trave-
lers have more experience in traveling and, therefore, could be more accurate in 
reporting travel times. However, this is in line with the findings from González et al. 
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(2015) who also found that the frequent tram travelers tend to over-perceive their 
travel time. There could be a correlation with purpose: leisure time purposes have 
lower travel frequencies and therefore a smaller travel time over-perception.

Finally, opening a new metro line did not have a significant influence on travel 
time perception of travelers in Amsterdam, which was not expected: a single new 
line does not have substantial influence on travel time perception in the entire city of 
Amsterdam.

The fact that in-vehicle travel times are perceived longer than the actual values 
implies that travel time savings from new network developments (as calculated for 
example in our earlier work Brands et  al. 2020) may be higher in the perception 
of travelers than the objective time savings, when assuming for individuals that the 
travel time over-perception is relative to the actual travel time value.

5.2  Recommendations

The research could be extended in the future by also including trains (heavy rail) in 
the analysis: this data is present in the survey but until now the corresponding AVL 
data is not available. Furthermore, the interaction between variables (for example 
mode and purpose) could be researched more deeply. Until now, this has not been 
done because the number of observations per subgroup becomes small, leading to 
less significant results.

The rounding of reported travel times in the survey could be alleviated by explic-
itly asking respondents to report the travel time to the minute level. Furthermore, the 
manual reporting of stop names by respondents was sensitive to errors and implied 
a lot of hand work when processing the survey results. Both could be alleviated by 
implementing an autofill option in the online questionnaire, possibly linked to a map 
so that the respondent could verify the selected stop location.

The current survey did not ask for comfort levels of the reported trips, such as 
the in-vehicle crowdedness level and having a seat. It would be interesting for future 
research to include this aspect, given its expected influence on the perceived in-vehi-
cle time of passengers.

Concerning survey techniques, instead of using an online survey (where a trav-
eller has to look back at the last realized journey), a more reliable result could be 
achieved by asking the respondent directly after the journey on a mobile device. The 
departure time could then also be determined more accurately,  possibly enabling 
to retrieve the realized transfer time in addition to the realized in-vehicle time. Fur-
thermore, it could become possible to log the realized waiting time. In that case, 
the survey should be very short to enable the respondent to answer shortly after the 
journey.

The results of this study show that travel times on average are perceived worse 
by travellers than the actual measured travel times. This implies that in  situations 
with travel time savings as a result of policy measures (like the realization of new 
infrastructure) passengers experience more travel time savings than calculated based 
on the objective travel time values. Since these objective savings are usually used 
in cost-benefit analyses and evaluation studies, experienced travel time savings by 
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passengers may be larger. Furthermore, marketing departments, for example from 
public transport operators, could make use of these results to approach travelers with 
a more positive mindset towards their PT trip. Also developers of smart phone apps 
used by travelers in public transport during their trip, for example news apps, could 
benefit from the knowledge of travel time perception in relation to task completion 
time/reading time of articles.
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