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Abstract: Decisions in social sustainability assessment of mobility services often pose a multi-criteria
decision-making issue, as trade-offs can occur between multiple alternatives and a participatory
process should be used. Thus, the goal of this research is to support decision-making through
determining weightings for different criteria and indicators for social sustainability assessment of
mobility services. For the weighting process, the analytical hierarchy process (AHP) method was
used. A participatory analysis was chosen to identify those weightings. In total, 48 experts in the field
of sustainable urban mobility were questioned from three different groups: academic institutions,
city authorities, and mobility service providers in order to analyze differences and similarities
between these groups. While some indicators resulted in clear prioritization, other indicators
revealed large differences between the expert groups. For the majority of indicators, the weighting
results were similar for all three groups of experts. Consequently, the results provide clear guidance
for decision-makers in the field of sustainable urban mobility.

Keywords: social life cycle assessment (S-LCA); analytical hierarchy process; weighting; use-phase;
mobility services

1. Introduction

Mobility is a basic need of humans. This need for mobility in combination with
urbanization causes far-reaching implications and problems. The transportation sector
is among the top three polluters, with 14.3% of the world’s CO2 emissions [1]. However,
rising traffic volumes not only significantly contribute to climate change. Among others,
declining air quality, traffic congestion, traffic noise, stress, fatigue, and aggression leads to
health impacts and generally reduces quality of life, especially in urban areas. Mobility ser-
vices are often seen as an opportunity to reduce transport related impacts within cities
by reducing private car ownership and offering the possibility to introduce alternatively
fueled vehicles [2]. Mobility services are defined as transportation options that deliver
users’ transport needs through an interface of a services provider which facilitates getting
from A to B [3]. Some examples are car sharing, ride hailing, or ride pooling. Assess-
ing sustainability impacts of mobility services is more complex than assessing impacts of
private car ownership, especially with regard to social sustainability. Particularly the use
phase plays an important role as mobility services are used in a different way than cars in
private ownership.

To be able to capture all impacts of mobility services during the use phase in a holistic
way, Gompf et al. [4] suggested, for the first time, a holistic set of indicators to be used for
the assessment of mobility services. This set of indicators is clustered in five stakeholder
groups, in line with the UNEP/SETAC Guidelines for the social life cycle assessment
(S-LCA) [5]: Local Community, User, Worker, Value Chain Actors, and Society. The revised
and updated version of the UNEP/SETAC Guidelines also include a sixth group: the
stakeholder group, Children [6]. Due to the fact that children are not allowed to drive
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cars and are therefore only indirectly affected by mobility services such as car sharing,
the stakeholder group children is not included in this study.

Within the mentioned stakeholder groups, trade-offs can occur, for example when
improved air quality due to electric driving leads to a deterioration of working conditions
due to a higher demand for conflict minerals that are needed for electric mobility. Trade-off
can occur between stakeholder groups as well as among indicators for the same stakeholder
group. Therefore, for decision-makers, a clear communication of results is difficult and
poses a multi-criteria decision issue. To better support decision-makers, a transparent
participatory process is needed with the involvement of experts to identify the preferable
alternative in the case of trade-offs [7,8]. One approach is introducing weights to the criteria
in order to come to an aggregated evaluation [9]. In order to implement an operationalized
framework for the assessment of different mobility services, the identification of the optimal
weighting of sustainability criteria would support the decision-making process.

The framework given for Life Cycle Assessment (LCA) [10] and the UNEP/SETAC
Guidelines for S-LCA [5,6] leaves decision-makers with the challenge of appropriately
integrating information into their decisions. According to the UNEP/SETAC Guidelines,
a social and socioeconomic Life Cycle Assessment (S-LCA) is a social impact (and potential
impact) assessment technique that aims to assess the social and socioeconomic aspects of
products and their potential positive and negative impacts along their life cycle. S-LCA
complements the LCA with social and socioeconomic aspects. It can either be applied on its
own or in combination with LCA [5]. Principally, the results are a list of environmental and
social impacts that may be understood as performance indicators of the product system
under analyses. Given the fact that, especially for S-LCA, a huge variety of indicators
exist, not only choosing the relevant indicators but also interpreting the results can be
demanding. In the case of trade-offs between several alternative scenarios that fulfill the
same function, interpreting the results becomes even more complicated [11]. Therefore,
a remaining methodological challenge is the construction of a comprehensive judgment of
social and environmental performance from the many indicators assessed in S-LCA and
LCA. This challenge can be approached using multi-criteria decision-making (MCDM).
Several authors suggested the MCDM methodology in the context of sustainability assess-
ment and stated positive results [12–15]. Conceptually, MCDM is introduced in the LCA
framework and standards as the ‘weighting’ step [11].

Many different MCDM methods exist to introduce and establish weights, such as
the critic method [16], Simon’s procedure [17], the data envelopment analysis [9], and the
conjoint analysis [8]. The most frequently used and well known method for weighting of
different criteria is the analytical hierarchy process method (AHP) [18,19]. The AHP method
was introduced by Tomas Saaty [20] and is widely employed in different multi-criteria
decision-making areas, with manufacturing being the most frequently used application
area, followed by logistics and government [19]. Within the field of sustainability as-
sessment, the AHP method is the most frequently used weighting method [15] and was
used in various studies in the last years to determine weighting of environmental and
social aspects [21–23].

One of the main advantages of the AHP technique is that a complex problem is
broken down into several simple problems. The conversion of a problem into a hierarchical
structure is considered as the most important part of the analytical hierarchy process. In that
way, AHP simplifies complex problems into partial elements, which are hierarchically
related to each other. Following the hierarchy formation, the criteria are ranked via paired
comparisons. The advantage of a paired comparison is that the decision-maker deals
with the prioritization of only two options under comparison, irrespective of the other
options. In addition, the AHP technique is well equipped for dealing with numerous
criteria of various types, e.g., quantitative measurable data as well as qualitative subjective
assessments [23–26]. Due to these advantages, the AHP method was also chosen for this
research to determine weights.
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Thus, the goal of this research is to support decision-making by transparently identify-
ing an accepted set of weighting for different social indicators chosen with a participatory
process through the use of the AHP method for the evaluation of mobility services. To do so,
decision-makers from mobility service providers, city authorities, and research institutes
were questioned as to how they evaluate trade-offs between the various social criteria
suggested by Gompf et al. [4] to evaluate the impacts of mobility services.

2. Materials and Methods
2.1. Analytical Hierarchy Process Method (AHP)

AHP research is based on organizing the problem into a hierarchical structure, with the
overall goal at the top level and the various criteria arranged in the subsequent level [27].
Figure 1 illustrates the hierarchy tree used for this study with the previously defined social
indicators by Gompf et al. [4] for the assessment of mobility services.
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Figure 1. Hierarchy tree including all social indicators to be weighted within each stakeholder group.

A ranking of all criteria is achieved by using a pairwise comparison system of the
hierarchy elements. These pairwise comparisons are conducted to convert verbal judge-
ments into numerical values on a scale from 1 to 9, where 1 means that two criteria are
of equal importance and 9 means a very strong importance of one criterion over another.
Mathematically, we have a set of criteria {x1, x2, . . . , xn} and we want to associate each
criterion xi with a weight wi based on n × n comparisons gathered in a comparison matrix
A. The principal eigenvector w is acquired by solving the system of equations:

(A – λ max I) w = 0 (1)

where I is the unit matrix; λmax the largest or principal eigenvalue of A; and w the prin-
cipal eigenvector (vector of priority factors) [28]. For more information, see Saaty [29,30],
Winston [31], or Handfield et al. [32].

2.2. Design of the Study and Study Execution

The comparison of criteria was conducted by questioning experts in Germany in
the field of sustainable urban mobility from three different groups: (1) mobility services
providers, (2) city authorities, and (3) academic institutions. That way, different per-
spectives from experts of these three groups can be gathered and compared to expert
judgements within one group as well as with expert judgements of the other two groups.
In total, 48 experts completed the pairwise comparison, with 46% representing mobility
service providers, 29% academic institutions, and 25% city authorities, which corresponds
to a large enough sample to conduct hypothesis from, according to Saaty [27]. The data
collection was done during a period of four months from April to July 2020.

For the experts to be able to evaluate each pair of criteria within the stakeholder
groups in a systematic way, an online survey was setup. The online survey started with
a short introduction to the study background and the goal of weighting different social
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indicators for the evaluation of mobility services. Then, the evaluation started with an
example of how the pairwise comparison works. After the example, all social indicators of
one stakeholder group were compared with each other. For a better understanding of the
different indicators, a short explanation was given for every indicator. This was done for
all five stakeholder groups. The question for every pair of indicators was always the same:
With respect to improving sustainability performance of mobility services, which of the two
criteria on each row is more important and how much more important is it? In Figure 2,
an extract of the questionnaire can be seen for the stakeholder group, Local Community.
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In presenting the pairwise comparisons, there are three possible groups of answers [27,28]:

1. The two indicators are equally important for the evaluation of mobility services,
meaning the ratio between the two criteria is 1:1 or the estimation is 1, situated in the
middle of the assessment scale, see Figure 2.

2. The indicator on the left-hand side is more important for the evaluation of mobility
services. This means that the ratio of the left criterion against the right criterion is
from 2:1 to 9:1 or the estimation is form 2 to 9 on the left side of the scale.

3. The indicator on the right-hand is more important for the evaluation of mobility
services than the one on the left-hand side. The ratios are reciprocal to the ratios in 2.

In order to reduce individual estimation subjectivity and potential personal bias,
mean estimation values were used for the ratios and a consistency check was done. For the
consistency check, Saaty [30] proposed the consistency index (CI) to verify the consistency of the
comparison matrix. The CI of the derived weights can be calculated by: CI = (λmax − n)/n − 1.
If CI is less than 0.1, the set of judgments can be regarded as reliable.

2.3. Evaluation and Presentation of Results

From the mean values, the overall pairwise comparison matrices were conducted for
all three groups of experts and for every stakeholder group. An example of the pairwise
comparison matrix, based on the answers of the first group of experts (mobility service
providers) for the stakeholder group Local Community, can be seen in the following:

A =



Public Air Local Noise Community Space
space quality employment pollution engagemet occupancy

Public space 1 1 5 1 5 3
Air quality 1 1 5 3 3 3

Local employment 1/5 1/5 1 1/5 1 1/3
Noise pollution 1 1/3 5 1 3 1/3

Community engagement 1/5 1/3 1 1/3 1 1/5
Space occupancy 1/3 1/3 3 3 5 1


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With the help of the AHP Calculation software by CGI, the system of Equation (1) was
solved to get the vector of priority factors w:

w =



Public space 0.2696
Air quality 0.2990

Local employment 0.0463
Noise pollution 0.1476

Community engagement 0.0517
Space occupancy 0.1858


Using these results, the indicators within each stakeholder group were ranked for

all three groups of experts. That way, it can be evaluated which sustainability aspects are
prioritized by which group and what are the similarities and differences.

3. Results

In Figure 3, an overview of the weighting results from all three groups of experts can be
seen. All weighting results are presented on a scale from 0.0 to 0.7 for better comparability
and the indicators are given a ranking according to their weights. The Consistency Index (CI)
of each matrix can be seen at the top right of all weighting results in Figure 3. The weighting
results of the three groups of experts show clear similarities for some indicators; however,
there were significant differences for other indicators. Regarding the stakeholder group
Local Community, the indicator air quality received the highest weighting from all three
groups, thus was seen as the most important indicator with respect to improving sustain-
ability performance of mobility services. City authorities and mobility service providers
ranked public space second (0.18 and 0.25), whereas academic institutions ranked noise
pollution second (0.21) and public space in fifth place (0.09). There was no consensus
between the three groups for the indicator space occupancy, as mobility service providers
ranked in third place (0.18), city authorities in fourth place (0.16), and academia in last place
(0.05). Local employment and community engagement received low weighting by mobil-
ity service providers (0.08 and 0.07), the participants from city authorities ranked these
two indicators considerably higher (0.11 and 0.15), and the respondents from academic
institutions even higher (0.16 and 0.17).

Similar to the stakeholder group Local Community, where air quality was ranked
highest by all three groups, for the stakeholder group User the indicator representing
safety was ranked highest by all three groups of experts. Especially academia and city
authorities gave this indicator a very high ranking (both 0.39). These two groups ranked
affordability second (0.17 and 0.16), whereas mobility service providers ranked accessibility
second (0.23), which is on the third place for city authorities and even on the fifth place
for academia. Data privacy, inclusiveness, and convenience received all medium to low
weights, while the possibility to give feedback (feedback mechanism) clearly received the
lowest prioritization by all three groups of experts.

Concerning the stakeholder group Worker, no indicator was consistently ranked
high for all three groups, although the safety of workers received the highest ranking by
academia (0.37) and mobility service providers (0.32) was ranked second by city authorities
(0.22). Fair salary received also high ranking and was even regarded as the most important
indicator by city authorities (0.23). While no illegal employment and no discrimination
received medium weights, work-life balance, and freedom of association were ranked
lowest by city authorities and mobility service providers. For academia, work-life balance
clearly received the lowest prioritization.
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For the stakeholder group Value Chain Actors, the weighting and prioritization for the
various indicators differ greatly among the three groups. While academia ranked intellectual
property rights highest (0.33), city authorities promoting social responsibility received the
highest prioritization (0.43), whereas for mobility service providers fair competition was
regarded as most important (0.49). In contrast, for city authorities and academia, fair com-
petition received the lowest weighting (0.11 and 0.19). For mobility service providers, hav-
ing good supplier relationships was regarded least important (0.13), whereas city authorities
and academia ranked good supplier relationships second (0.29 and 0.24).

The stakeholder group Society, on the other hand, showed very similar ranking through-
out all three groups of experts. Health was consistently given the highest weights (0.7, 0.45,
and 0.62), while urban development was ranked second by academia and mobility service
providers and received equal weighting as the health indicator by city authorities. Tax income,
however, was clearly given the lowest prioritization by all three groups (0.1 and 0.09).

4. Discussion
4.1. Discussion and Implications

The results clearly show that there are some obvious similarities between the three
expert groups, yet significant differences were also identified. For the stakeholder group
Local Community, the indicator air quality consistently received the highest ranking.
This result gives a clear guidance and suggests to prioritize efforts and alternatives that
improve air quality. In addition, the fact that local employment received low weighting by
city authorities and mobility service providers can be regarded as a tendency that should
not be neglected, although academic institutions prioritized this aspect differently. For all of
the other indicators within this stakeholder group, however, it is very difficult to conclude a
statement that is valid for all three groups, which clearly shows the different prioritization
of aspects for academic institutions, city authorities, and mobility service providers.

For the stakeholder group User, the safety of the user was ranked the highest by all
three groups, which also clearly indicates that the focus of sustainability efforts within this
stakeholder group should be on safety. Due to the fact that the possibility for users to give
feedback was consistently ranked lowest, this aspect can be regarded as less important for
all three groups compared to the other indicators. Except for the highest and lowest rank,
it is again difficult to draw overall valid conclusions, as weighting results differs too much
between groups.

The stakeholder group Worker showed a clear tendency towards high weighting of
safety of the worker and fair salary, which suggests that in the case of having to choose
between multiple alternatives, a focus on these two aspects is justified. Work-life balance
and freedom of association, however, was given the lowest weighting by all three groups
of experts. This of course does not mean that these two aspects are not important. The low
weighting just gives additional information for decision-makers in case of multi-criteria
decision-making. Overall, the ranking by city authorities and mobility service providers
for the stakeholder group Worker is almost identical. The prioritization by academic
institutions, however, differs greatly, which is why no overall consistent ranking can
be concluded.

The most inconsistent ranking among the three groups can be found for the indicators
of the stakeholder group Value Chain Actors. Especially city authorities and mobility
service providers, which showed similar or almost identical rankings for the previous
stakeholder groups, now show partly opposing weighting. This makes it impossible
to conclude an overall valid weighting in this case. Contrarily, the indicators of the
stakeholder group Society received almost identical weighting and prioritization. Here,
the prioritization of society’s health is a very obvious result, as well as the low prioritization
of tax income. This result, however, can be influenced by the fact that for this stakeholder
group only three indicators needed to be weighted and therefore fewer prioritization
options where possible which again leads to a higher chance of a consistent ranking of all
three groups.
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Overall, it should also be highlighted that each individual weighting within one group
of experts differ from one another. Through the use of average weighting in the evalua-
tion of indicators within one group, especially extreme weighting by single respondents,
was mitigated and weakened. Nevertheless, general tendencies as outlined above can
be regarded as valuable input in case of multi-criteria decision-making. Should decision-
makers from academic institutions, city authorities, or mobility service providers aim to
implement a weighting for the mentioned indicators, there are two options:

1. Implementation of the set of weighting from one of the three groups, depending on
which group decision-makers associate with.

2. Implementation of the overall average weighting. This research suggests the first
option, as clear differences among the three groups exist and that way a group specific
weighting can be achieved.

4.2. Limitations and Further Research Needs

The main limitations of this research is the sample size, the geographical scope, and the
focus on only three groups representing decision-makers in the field of sustainable urban
mobility, namely academic institutions, city authorities, and mobility service providers.
Further research could look at expanding the sample size and the geographical scope, as it
would be interesting to see if decision-makers in the field of sustainable urban mobility
in other countries outside Germany would come up with similar or different weighting.
In addition, further research could be done on finding additional decision-makers in
relevant fields to further expand the group of respondents. It would also be interesting to
see whether decision-makers in similar geographic regions independent from the country
would come up with similar weighting, for example decision-makers in high density urban
areas like Manhattan or Hong Kong, compared to decision-makers in lower density urban
areas like Copenhagen or Amsterdam. Having a large enough sample in different countries
and different geographical regions would allow to draw respective conclusions and could
lead to country specific or even city type specific weighting.

5. Conclusions

The goal of this paper was to support decision-makers in the field of sustainable
urban mobility by determining weights for different indicators within the five stakeholder
groups defined by the UNEP/SETAC Guidelines [5]: Local Community, User, Worker,
Value Chain Actors, and Society. The selected indicators to be weighted were adopted from
Gompf et al. [4], which conducted an intensive literature review and suggested for the
first time a holistic set of indicators for the evaluation of mobility services. The method
used to determine weights was the AHP method. For the weighting process, experts in the
field of sustainable urban mobility were questioned. These experts were chosen from three
different groups: academic institutions, city authorities, and mobility service providers in
order to be able to analyze differences as well as similarities between these groups. In total,
48 experts completed the weighting process.

The results showed clear similarities for some indicators but also significant differ-
ences for other indicators. For example, all three groups of experts consistently ranked
indicators regarding air quality highest within the stakeholder group Local Community.
For the stakeholder group User, all three groups of experts ranked indicators regarding
safety highest. The stakeholder group Worker showed a clear tendency towards high
weighting of safety of the workers and fair salary. For the stakeholder group Society,
health indicators were clearly prioritized. However, for the stakeholder group Value Chain
Actors, no consistent ranking could be concluded, as results partly differ greatly between
the three groups of experts.

This result can give guidance for decision-makers in the field of sustainable urban mo-
bility, however it makes it difficult to suggest a weighting that represents the opinion of all
three groups. Therefore, there are two options for weighting adoptions: (1) implementation
of the set of weighting from one of the three groups or (2) implementation of the overall
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average weighting. As the research results makes it difficult to propose a weighting set that
represents all three groups and average weighting would weaken group specific results,
it is suggested that decision-makers in the field of sustainable urban mobility adopt the
results from one of the three groups that they associate with. That way, transport related
impacts can be reduced and quality of life in cities can be improved.
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