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Abstract 

Increasingly connected vehicles offer drivers benefits 

related to safety, navigation, and maintenance. They 

also provide policymakers new opportunities to trace 

and modify behavior using data insights. For such 

efforts to be effective, policymakers need access to 

policy instruments. These instruments must also be 

adopted by regulated entities such as technology 

providers, vehicle manufacturers, and drivers. Reuse 

and scaling across jurisdictional boundaries are 

crucial for the efficient development, adoption, and 

use of these digital tools. However, establishing digital 

tools that scale across diverse contexts requires 

navigating trade-offs between generalization to meet 

global demands and specialization to provide desired 

functionality. Using digital trace data and interviews, 

we conducted a longitudinal study of the development 

of the Mobility Data Specification standard for, free-

floating e-scooters, over three years. We identified 

four key instrument tensions related to privacy, scope, 

richness, and the pace of evolution. We detail the 

nature of these tensions, analyze how they were 

mitigated, and suggest implications for the 

development of digital regulatory tools that span 

jurisdictional boundaries. 

 

Keywords: Digital Policy Instruments, Connected 

Vehicles, Policy Instrument Constituencies, Policy 

Instrument Affordances, Mobility Data Specification, 

Digital trace data. 

1. Introduction 

With more than half of the world's population 

currently living in cities, and estimates suggesting this 

will increase to 70% by 2050, the role of urban 

mobility governance is becoming increasingly critical. 

Urbanization not only intensifies competition for city 

space but also heightens the demand for sustainable 

and secure transportation. Policymakers must develop 

innovative solutions to facilitate the transition to 

sustainable transport while balancing various 

competing demands. 

One area ripe for innovation is the development 

of policy instruments to better utilize the expensive 

and slowly evolving physical infrastructure for 

transport through information processing. As the 

number of connected vehicles increases and road 

infrastructure becomes equipped with sensors, the 

transport sector produces and publishes an increasing 

volume and variety of data. Moreover, recently, the 

European Commission has implemented regulatory 

measures to allow public actors to access this data 

through several regulations. As a result of this 

technical and judicial development, cities have started 

using data exchange standards as policy instruments to 

both express and request behavioral measures from 

shared mobility actors in the form of standardized 

machine-readable data sets (Fearnley, 2020). Cities 

analyze these data in customized information systems 

to determine the extent to which the policies are 

followed and possibly need to be adjusted. Using 

relatively precise, rich, and updated data sets offers 

interesting opportunities for governance and 

regulation of mobility but also involves a series of 

trade-offs in managing the tensions that arise from 

goal conflicts (Rudmark et al., 2023). To deal with 

these trade-offs, the design and development of 

standardized data streams as policy instruments need 

to consider a wide range of actors with different 

knowledge, interests, and perspectives. 

Policy instruments constitute an interface 

between policymakers and the surrounding society. As 

such, the affordances of the instruments—how they 

can be used or understood in different ways—are 

central (Hellström & Jacob, 2017). The role of policy 

instruments as interfaces means that they can be used 

to organize social relations, change power relations, 

and navigate tensions. Policy instruments’ broad and 

fundamental impact implies that their development is 

a collective evolutionary process. Instrument 

constituencies drive this process, and the development 

of instruments occurs at two loosely coupled levels  

(Béland & Howlett, 2016; Voß & Simons, 2014). At 

the higher level, policy instruments are models or 

generic design templates intended to solve prevailing 

governance problems. At the local level, policy 

instruments are implementations or specific 
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technological configurations.  

We investigate the tensions arising in the design 

and use of standardized data streams as the primary 

policy instrument between public and private mobility 

actors. Models for creating a digital instrument often 

involve international cooperation due to the need for 

standardization. To offer a design template for 

interfaces between decision-makers and the 

surrounding society, these models must meet the 

demands of many different actors. In addition, they 

must address the conflicting demands of being broad 

and flexible enough to accommodate local needs for 

adaptation during implementation while being 

sufficiently abstracted and stable to be reusable by 

many different actors. For example, tensions may arise 

regarding what data to share, the use of algorithmic 

assessments, and data collection techniques. Against 

this backdrop, we investigate the following research 

question: what tensions affect digital policy 

instruments’ development and evolution? 

We explore this topic by examining the 

development of a policy instrument for free-floating 

electric scooters. In recent years, this mode of 

transport has become common in cities, characterized 

by rapid adoption and conflicts that necessitate swift 

policy development. Many municipalities have started 

using databases to monitor and manage electric 

scooter usage. For instance, cities can track complaints 

about reckless driving and parking through vehicle-

generated data that operators must share. Central to 

this effort is the Mobility Data Specification (MDS), a 

standardization initiative many cities use to establish 

digital infrastructure for electric scooters. The Open 

Mobility Foundation (OMF), an open standardization 

organization involving cities, system suppliers, and 

mobility companies, manages the development of 

MDS. In this paper, we study the evolution of the 

generic MDS model and the tensions that arose during 

its implementation in cities, leading to new 

interactions between stakeholders. 

In what follows, we first review the literature on 

digital regulation and policy instruments before 

outlining the research methodology. Then, we outline 

the evolution of the MDS instrument and salient 

tensions. Finally, we discuss our findings and their 

implications. 

2. Digital policy instruments 

Policies outline an institution’s system of guiding 

principles that influence decisions on rule 

configuration, allocation of decision-making authority 

for various rule categories, and procedures for 

amendments (King & Kraemer, 2019; Nabli & 

Nugent, 1989). Policies are political and entail conflict 

between stakeholders, some actors gain from them, 

others are disadvantaged.  

Policies must be implemented through 

instruments to gain effect. Policy instruments are 

governance technologies that constitute the interface 

between the policymaker and the targeted community, 

and as such, they are socio-technical tools (Hellström 

& Jacob, 2017). Here, we understand a policy 

instrument as “a device that is both technical and 

social, that organizes specific social relations between 

the state and those it is addressed to, according to the 

representations and meanings it carries” (Lascoumes 

& Le Gales, 2007, p. 4). Scholars have suggested 

different typologies of instruments to increase 

granularity in our understanding of them (e.g., Elmore, 

1987; Hood, 1986). We are interested in digital policy 

instruments, i.e., information/communication-based 

instruments (Lascoumes & Le Gales, 2007) 

materialized in a digital format that facilitates 

communication of policies and monitoring and 

altering of behavior in a social system. 

Policy instruments appear at two levels: 1) as 

models or generic design templates and 2) as situated 

and configured implemented instruments (Voß & 

Simons, 2014). The model is the abstracted, 

generalized, and codified expression of possible 

policies that must be transferable across local domains 

within the targeted system. The implemented 

instruments are the multiple versions that arise as the 

model is adapted to local conditions. These two levels 

are deeply intertwined through interactions in 

expressing, developing, disseminating, and 

implementing the policy instrument. A policy 

instrument is thus not a static entity, it involves 

dynamics related to both adaptations of the model and 

its materialization and enforcement in local contexts. 

These instruments are subject to the paradox of change 

in which stability and change are deeply 

interdependent, both contradictory and mutually 

enabling (Farjoun, 2010). While a policy instrument 

needs to be stable to present stakeholders with reliable 

conditions, it must also change as learning and 

innovation occur and the environment changes. The 

need for adaptation is connected to the level of 

dynamism in the addressed system. As digital 

technologies evolve fast and continuously, the duality 

of change and stability will likely introduce tensions 

among instrument constituencies addressing emerging 

technologies (Seidel et al., Forthcoming; Voß & 

Simons, 2014). 

Drawing on an affordance perspective, Hellström 

and Jacob (2017) point out that behavior promotion or 

inhabitation depends on the context, the actors, and the 

instrument's properties. In this perspective, an 

instrument’s affordances are bundled with past 

affordances that operate through institutions and 
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current instruments to structure action and offer action 

possibilities. As models are translated into 

implementations, they can be conceptualized as 

“groups of affordances that are sequential in time or 

nested in space, and in terms of the abilities of 

different media to reveal them” (Gaver, 1991, p. 79).  

To explore the role of digital materialization (or 

media) in tensions during the development and 

evolution of policy instruments, we draw on five types 

of affordances identified in a previous study of the role 

of models in problem-solving collaboration (Franco, 

2013): tangibility, associability, mutability, 

traceability, and analyzability. Tangibility refers to an 

instrument’s capacity to make its content visible or 

concrete. Tangibility makes instrument assumptions 

available and a source for discussion and negotiation 

(Hellström and Jacob, 2017). Associability describes 

the instrument’s capacity to relate its contents based 

on shared attributes with other instruments to facilitate 

the identification of significant differences and 

dependencies. Mutability is the instrument’s capacity 

to modify its content to adapt to evolving interests and 

knowledge bases. Traceability captures the 

instrument’s capacity for following and combining 

content over time, allowing knowledge generation on 

the accumulation of effects. Analyzability denotes the 

instrument’s capacity to transform inputs into outputs 

in a controllable and visible way to allow 

experimentation with inputs, observations, and 

learnings from variations in outcomes.  

Overall, the materiality of digital policy 

instruments is likely to change the characteristics of 

these affordances compared to instruments where a 

digital model does not facilitate communication, 

monitoring, or altering. We posit that this affects how 

they are developed and evolved and, thus, the nature 

of tensions that stakeholders need to navigate. 

3. Method 

We employed an explorative case study (Yin, 

2009) to investigate the nature and dynamics of 

tensions in digital policy instruments. While analog 

policy instruments have been extensively studied, the 

dynamics of tensions in digital contexts remain 

unexplored. Since case studies allow for an in-depth 

understanding of complex interactions and facilitate 

the development of new theories on how these 

tensions impact the evolution of digital policy 

instruments (Eisenhardt, 1989), we found this 

approach well-suited to answer our research questions. 

Our study focuses on the Mobility Data 

Specification (MDS), an API standard designed to 

streamline micromobility data sharing between cities 

and mobility providers. Initially developed by the Los 

Angeles Department of Transportation (LADOT) and 

now managed by the Open Mobility Foundation 

(OMF), MDS serves as a digital policy instrument. It 

enables cities to implement and monitor transportation 

policies through APIs. We chose MDS because it is an 

early example of a digital policy instrument, which 

creates new tensions among stakeholders and helps us 

explore our research question. 

3.1. Data Collection and Analysis 

In this paper, we employed an iterative process for 

data collection and analysis, gradually building our 

understanding of the phenomenon under study. To 

enhance reliability and validity, we relied on both 

interviews and analysis of the GitHub repository, to 

balance multiple perspectives and addressing 

temporality issues often hampering case study 

research relying solely on interviews (Eisenhardt & 

Graebner, 2007) A full description of the materials 

used can be found in Table 1. 

We started in the fall of 2021 by conducting in-

depth interviews with key stakeholders involved with 

the Mobility Data Specification (MDS), including city 

officials, mobility providers, and systems providers, 

where some were also active in the OMF. These 

interviews focused both on the implementation level 

and the model level. Reviewing relevant documents, 

such as policy guidelines, technical specifications, and 

meeting minutes, complemented these interviews. 

After transcribing the interviews, we approached the 

material inductively (Eisenhardt, 1989; Miles et al., 

2020), which allowed us to uncover the barriers 

described in Chapters 4.2 - 4.5. 

As a next step, we sought to understand how these 

barriers manifested on the model level. To this end, we 

inquired into the MDS GitHub repository 

(https://github.com/openmobilityfoundation/mobility-

data-specification/), where all of OMF’s work takes 

place in an open fashion. We employed computational 

methods to aid our sensemaking of the GitHub 

materials, enriching digital trace data with context 

from the qualitative analysis (Pentland et al., 2020).  

One of the computational analysis goals was to 

identify manifestations of the tensions in the extensive 

MDS development documentation. As a basis for this 

computational analysis, we created four vignettes, 

each corresponding to one of the identified tensions. 

Each vignette described the tension and some 

representative issues related to it. We employed 

Natural Language Processing (NLP) techniques to 

analyze the meeting minutes, discussion transcripts, 

and Github issues. Initially, we removed the most 

frequent English words (stop words) and performed 

stemming (reducing words to their base or root form). 

To weigh the significance of words, we used Term 
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Frequency – Inverse Document Frequency (TF-IDF), 

the most common weighting scheme in NLP research 

that assigns higher importance to words that occur 

frequently in a specific document but are rare across 

all documents, making it easier to categorize and 

compare documents (Beel et al., 2016). Next, we 

scored each document on its similarity to the tension 

vignette using the Cosine similarity score (measures 

how similar two documents are by comparing the 

angle between their vector representations in a 

multidimensional space) (Gomaa & Fahmy, 2013). 

This approach allowed us to compare the documents 

and identify those most closely aligned with the 

described tension. The advantage of cosine similarity 

over other techniques is that it effectively measures the 

similarity between documents regardless of their 

length by focusing on the direction (angle) of the 

vector representations rather than their magnitude. 

Finally, we manually reviewed the documents with the 

highest similarity scores to the tension vignettes until 

all relevant issues were identified. 

In the final step, all authors iteratively revisited 

the identified issues to make sense of the material and 

develop answers regarding what tensions affect digital 

policy instruments’ development and evolution, and 

how these tensions arise and evolve during the 

development of digital policy instruments. This 

iterative revisitation involved several rounds of 

collective discussion and analysis, where each author 

contributed their perspective and expertise to refine 

our understanding of the issues. 
 

Table 1 - Case data 

Data Description/volume 

Interviews City 

Representatives 

10 (of which 5 were 

involved in OMF) 

Interviews Systems 

suppliers 

representatives 

3 (of which 3 were 

involved in OMF) 

Interviews Operator 

representatives 

4 (of which 2 were 

involved in OMF) 

Relevant blog posts, 
articles and e-scooter 
policies 

Mentioned by 

interviewees and used 

for tension identification 

GitHub Issues 864 

Working group 

meeting minutes 

133 

Full working group 

meeting transcripts 

16 

  

  

4. Results 

4.1. The MDS Standard 

MDS consists of several APIs that help cities 

manage policies, geospatial boundaries, and vehicle 

status, enabling data-driven policy monitoring and 

enforcement. Depending on the API, the interfaces are 

implemented by either the city or the e-scooter 

operator (see Figure 1). For example, cities use the 

Policy API to publish rules on speed limits, parking 

zones, and fleet sizes (enabling tangibility). At the 

same time, the Geography API defines the areas where 

these rules apply (enabling associability). The 

Provider API, implemented by e-scooter operators, 

allows cities to retrieve trip data and vehicle status 

changes, ensuring compliance with local policies 

(enabling traceability and analyzability). 

Cities use MDS to implement transportation 

policies in various ways (enabled by mutability). For 

example, MDS helps enforce regulations like 

designated parking areas and speed restrictions. MDS 

can also provide aggregate data on policy compliance, 

enabling cities to evaluate current policies and make 

data-driven decisions. 

In 2019, MDS governance shifted to the Open 

Mobility Foundation (OMF), a collaborative body that 

maintains and updates the MDS standard. This transfer 

aimed to standardize data reporting and facilitate 

compliance for operators across multiple cities. 

OMF’s work is conducted openly, with MDS working 

group using the GitHub platform to manage changes 

and additions to MDS. Proposals from these working 

groups are reviewed by committees focused on 

privacy and strategy, as well as a technology council. 

If the proposed modifications meet established 

criteria, the board votes whether to accept or reject the 

new version. Membership in OMF is open to both 

public and private entities.  

Given MDS’s central role in shaping and 

enforcing free-floating e-scooter policies, it largely 

defines what policies cities can create and implement. 

The development and negotiation of these standards 

can lead to tensions, detailed in Figure 1 and the 

following sections based on our case data. 

4.2. Tension 1: Individual trips 

One major tension involved the granularity of operator 

data shared with cities. Cities using MDS required 

detailed, relatively unprocessed data from operators, 

including individual journeys and single vehicle status 

changes (such as inactive scooters). This data allowed 

cities to analyze public space usage and monitor 

compliance with local regulations. For example, trip-

level data enables cities to identify individual riders  
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infringing on no-ride zones, as noted by a city 

representative: 

In the no-ride zones we were able to fairly easily see if 

it happened. We could draw on a map, here's our no-

ride zone, show me any individual trip that went 

through that. Yeah, that's pretty easy to see that so we 

generally had pretty good success [enforcing no-ride 

zones] 

However, sharing individual trip data with cities 

can raise rider privacy concerns, even if no direct 

personal data is transferred1 (Albert, 2021; Webb, 

2020). Some operators have cited these privacy 

concerns as a reason to withhold trip-level data. In the 

U.S., Uber and its e-scooter subsidiary Jump led the 

opposition to these data-sharing requirements. In 

March 2020, Jump sued the Los Angeles Department 

of Transportation, citing user privacy violations as the 

primary concern, as explained by Ruby Zefo, Uber's 

Chief Privacy Officer, in a public blog post: 

 [W]e remain concerned about LADOT’s demand for 

data about individual riders, including where they 

begin their trip, where and when they arrive, which 

route they take, and any stop they make along the way. 

This highly personal information, shared in real-time 

with government agencies, signifies a decisive step 

towards the continuous, unregulated surveillance of 

 
1 This data is available from the mobility companies 

but is not transferred via MDS 

our users. [Uber Privacy and Security blog, 

Medium.com (Zefo, 2020)] 

In June 2020, after selling Jump to Lime, Uber 

withdrew the lawsuit but continued to oppose sharing 

individual trip data with cities, e.g., by actively 

supporting the privacy activist group Communities 

Against Rider Surveillance (CARS) (Marshall, 2020). 

Tensions over trip-level data also exist in the 

European Union, where the General Data Protection 

Regulation (GDPR) governs personal data 

management. A key aspect of GDPR is that any 

organization must have legal grounds to store and 

process personal data. As individual journeys are 

considered personal data under GDPR, MDS data 

exchanges involving trips must comply with GDPR, 

raising concerns about MDS's possible use within EU. 

4.2.1 Model-level manifestation. We found empirical 

evidence that the individual trips tension also appeared 

at the model level. E.g., in 2018, arguments similar to 

those made by Uber were raised in the GitHub 

repository, prompting a working group representative 

to suggest that MDS should accommodate different 

levels of data granularity:  

I'd like to propose that MDS be extended to allow for 

flexibility in how location data is reported for trips and 

routes. LA can choose to require precise data, but 

             
             

                   
           
                  

    

            
       

          

              

                         

    
      
       

        

                         

         
               
                       

              
          
                 
      

           

                   

      

             

                  
            
        

      

                          

       

        
       

         
         

       
    

       

         

         

         

         

         
                 
             
         

      

Figure 1 - Tensions in the governance and use of MDS 
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other jurisdictions would have the flexibility to request 

less detailed information. It is ultimately a policy 

decision, and a universal spec needs to support some 

level of policy variance across its users. 

Although concerns about MDS handling different 

levels of data granularity were raised early in its 

development, they initially went unrecognized. 

However, the issue resurfaced in 2020, leading to 

renewed discussions on the need for cities to specify 

the types of data they would or would not accept. This 

functionality was incorporated into MDS version 1.2. 

Additionally, the OMF, aiming to expand MDS 

beyond North America, needed to address GDPR 

issues to enable large-scale adoption in Europe. 

Consequently, OMF developed a set of detailed 

guidelines to help cities comply with GDPR when 

using MDS. 

4.3. Tension 2: Modes of transport 

MDS was initially developed by Los Angeles to 

govern emerging transportation modes using data-

driven policies. Consequently, as e-scooters gained 

rapid popularity, Los Angeles shifted MDS's focus on 

policy development for e-scooters. The Open Mobility 

Foundation (OMF) continued this broader vision, 

aiming for MDS to become the digital infrastructure 

for sharing information and managing any device in 

the public right-of-way. However, expanding the 

scope also entails tensions, as explained by a 

commercial integrator representative: 

I think one of the challenges with MDS is being used 

for so many things. It was originally developed for 

scooters, and now it's being used for dockless bike 

shares and mopeds and there's talk about extending it 

to a sidewalk delivery robots. So, I think it'll be 

interesting what happens when developing a standard 

that so many are dependent on, and where you also 

want to kind of develop it to be ahead of the industry, 

it can become very comprehensive 

This comprehensiveness raised concerns that any 

mode entails distinct properties (e.g., driver or 

passenger, transport of goods or people), that need to 

be managed differently from a policy perspective, 

potentially leading to an overly complex standard  

4.3.1 Model-level manifestation: Incorporating 

support for multiple modes would require a major 

overhaul of the MDS architecture, and we found two 

instances reflecting this tension. The first type 

involved suggestions to add new modes to MDS, some 

of which were accepted (like car-sharing and sidewalk 

robots), while others are still under discussion (like 

urban drones and non-fleet autonomous vehicles). The 

second type of issue involved discussions about the 

implications of adding new modes to the overall MDS 

standard and whether the concept of “Modes” is 

feasible, as noted by a GitHub user: 

One of the key questions in my mind is whether there 

are really such things as "canonical modes" – i.e. 

modes that have a stable, universal definition 

independent from individual implementations (i.e. 

programs). For example, what we now call 

"micromobility" started as a dock-based bikeshare 

mode and later added "dockless micromobility" 

(perhaps a new mode?) and now has many 

hybrid/blended versions (are these all new modes?). Is 

"micromobility" a vehicle or a mode? Another 

example is carshare. Can we say "carshare" is a mode 

when there are so many different versions – 

traditional, point-to-point, etc.? 

Although debated, MDS version 2.0 introduced 

support for multiple modes. It currently supports 

micromobility (e.g., e-scooter and bike fleets), 

passenger services (e.g., taxis and robot taxis), car 

sharing, and delivery robots. 

4.4. Tension 3: Transport policy richness 

The most common policies enforced through MDS 

involved fleet size, areas where vehicles can or can’t 

drive and park, vehicle distribution, and replacement 

of malfunctioning vehicles. As MDS was adopted by 

more cities, there were increasing calls for additional 

policies to be implemented into the standard. During 

interviews, operators voiced concerns that as more 

policies were added, compliance became increasingly 

resource intensive. They specifically worried about 

third parties playing a key role in managing this policy 

richness, as explained by an operator representative:  

There are not that many cities who are using MDS on 

their own without the aid of a third party and so I think 

often it just gets kind of lost in the shuffle if a city 

doesn't want to use a third party, how complex are we 

making MDS to them being able to actually connect it 

to meaningful, you know, just compliance related use 

cases and do all these other features actually makes 

sense to them. 

One particular aspect that emerged from the 

interviews concerned how the algorithmic 

implementation of compliance checks became 

essential for translations and realizations of policy: 

Yeah, I mean, my greatest conclusion of working at 

[operator] and having this role is that we're going 

towards a space where policy is not what you write 

down in a regulation or in a legislation, but it's how 
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you write the code for a computer program [that] 

define compliance. And what I have seen is a 

divergence of what the spec actually says and how 

those data are processed, and then what the city thinks 

is happening, that to me is one of the scariest tensions. 

4.4.1 Model-level manifestation This trade-off of 

implementing more ways of materializing local policy 

vs. making the specification unequivocal, surfaced in 

several issues and suggestions for changing the spec. 

As an illustrative example, some cities not only 

prohibit but also encourage certain behaviors, 

something that MDS didn’t afford at this point, as 

explained by a third-party software vendor: 

We would like to implement policy API to not only 

restrict some behaviours but also encourage them. We 

have several use cases where cities want's to 

dynamically propose some preferred parking spots to 

encourage users to park in dedicated areas. Actually, 

the policy API rule type list does not allow us to 

propose that. 

While the following discussion rendered a 

suggestion on having “rule types”, such as 

“recommended”, “required”, “optional”, and 

“testing”, the suggestion was eventually halted and not 

implemented using the following argument by a 

GitHub User: 

I'm concerned that we are jumping too quickly to 

solutions with this one. I'm concerned that 

"recommended" or "optional" rules have implicit 

meaning, and I believe that Policy should always 

strive to be explicit when possible. What specifically is 

being required, and in what sense is a rule optional or 

recommended? 

These transport policy richness issues eventually 

led to a subproject called “Policy Reimagined” which 

was implemented from version 2.0.1, creating decision 

heuristics for when new policy in MDS is warranted. 

4.5. Tension 4: Functionality velocity 

Another common tension was the number of active 

MDS versions. The release process for a new version 

takes at least 13 weeks, beginning with a proposal 

phase where stakeholders, including technical 

committees and the wider community, discuss and 

decide on content. This is followed by implementation 

and review stages, involving development, testing, and 

feedback collection. Once approved by the technical 

steering committee, other relevant bodies, and the 

OMF board, the new version is documented and 

published, ensuring all stakeholders are informed and 

can implement updates efficiently. OMF categorizes 

updates into major, minor, and patch releases. Major 

updates introduce breaking changes, minor updates 

add features without breaking existing functionality, 

and patch updates address bug fixes and minor 

improvements. 

The fast-paced standardization process for MDS 

resulted in 13 official releases between September 

2018 and November 2021. During this time, operators 

deployed e-scooters in many new cities, leading to a 

diverse set of MDS versions in use. Operators also 

varied slightly in their implementation of MDS, 

requiring receiving entities (cities' IT departments or 

outsourced integrators) to manage and understand 

these differences. As a result, some respondents 

considered the MDS version spread too complex for 

cities to manage on their own, making external 

integrators the only viable option, as explained by a 

systems provider:  

A challenge with MDS is that the changes were coming 

out so quickly. I mean, it takes a long time to adapt our 

data pipeline to the new versions, and now we have 

[operators] giving us three or four different versions 

of MDS that we're trying to channel into a single 

analysis, even though they all have maybe slightly 

different data. 

With MDS rapidly adopted by approximately 130 

cities worldwide, the spread of different versions has 

become a significant issue for operators, who must 

conform to various MDS versions, as explained by an 

operator representative: 

You know there's a lot of cities that are on much older 

versions of MDS, and so the version spread that we 

have to deal with. I think our oldest version is 0.3, 0.2 

and now we've got 1.0 and so that encompass five or 

six versions that we have to manage. You know that it's 

not, you know, a simple task for our engineering team. 

Then there's continued ongoing development of MDS 

and we talked about some of the challenges with the 

features that are requested for newer versions, but just 

there was also a challenge with the speed with which 

you know new releases came about and were adopted 

and that contributes to the version spread as well 

4.5.1 Model-level manifestation. We were unable to 

discover pertinent evidence within the GitHub 

discussion boards, issues and pull requests regarding 

the pace of releasing new versions. However, the pace 

of release followed a pattern of decline (see Table 2).  

We also noted that the release guidelines were updated 

in 2021, because of revisions of the bylaws governing 

the work at the OMF. One of the changes being made 

was adding the word “flexible” in the description of 

the schedule for a release (instead of 13 weeks, 
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signifying room for longer release cycles). 
 

Table 2 – MDS releases 

Version Release date Days since previous 

release 

2.0.1 2023-05-09 551 

1.2.0 2021-11-04 219 

1.1.1 2021-03-30 195 

1.0.0 2020-09-16 124 

0.4.1 2020-05-15 197 

0.4.0 2019-10-31 140 

0.3.2 2019-06-13 44 

0.3.1 2019-04-30 74 

0.3.0 2019-02-15 74 

0.2.1 2018-12-03 49 

0.1.1 2018-10-15 14 

0.2.0 2018-10-01 20 

0.1.0 2018-09-11 - 

 

In what follows, we pay more detailed attention to how 

GitHub items (issues) pertaining to each tension are 

(or fails to be) resolved. 

4.6. Tensions in GitHub issues contributions 

One of the key steps in development of MDS is a 

period designated to collect suggestions, proposals, 

improvements of the instrument. Various contributors 

submit items, which are later discussed during the 

working group meetings and conferences. Most of the 

times, the items are “closed”, i.e. implemented, 

merged or deferred, within a specific version of MDS.  

For tensions 1-3, we first used computational 

methods, followed by qualitative analysis, to identify 

items in the GitHub repository that most clearly 

exemplified each tension at the granular level. Table 3 

demonstrates how these three tensions differ in a) the 

volume of items associated with the tension, b) closure 

rate: the percentage of the items that were resolved c) 

Effort – how many days it took working groups to 

address an item, d) and in which version were the 

tension items addressed. 

The dynamics of the three tensions identified in 

our analysis reveal significant variability across 

several dimensions, as shown in Table 3. Firstly, the 

"Individual trips" tension was concentrated (had the 

fewest issues, 13 items) and mostly addressed (closure 

rate 77%) within the MDS version 1.2.0 (80% of 

issues implemented then). We observed that the 

tension around the decision to implement individual 

trips in the protocol was discrete and did not appear at 

the later stages.  

In contrast, the "Modes of transport" tension 

involved a higher count of 44 items, boasting the 

highest closure rate among the three tensions at 86%. 

The effort to resolve these issues was the lowest, with 

a median of 113 days. It appears that even though the 

tension manifested in many types of issues, they were 

successfully and fairly quickly addressed. Also, as 

new modes of transport appear (e.g. urban drones), the 

issues re-appear after version 2.0.0 when the bulk of 

the decisions were made. 

The “Transport policy richness” tension presented 

a different scenario in almost every dimension. The 

issues associated with the tension were difficult to 

address, (notably the lowest closure rate of 65%). For 

issues that were closed, it required the most effort, 

with a mean of 334 days. The tension also manifested 

throughout many versions, reappearing consistently 

through the development of MDS. 

5. Discussion 

In this paper, we explored the tensions that arise 

during the development of digital policy instruments 

and how they evolve. We identified four key tensions 

in the development of MDS: three related to the 

content and boundaries of the model, and a fourth, 

meta-level tension related to the governance of the 

model itself. We will first discuss the nature of these 

tensions and then their evolutionary patterns. 

Table 3 – Tension Dynamics 

Tension Issues Count Closure rate Effort, mean days (median) Version addressed 

Individual trips 13 77% 212 (193) .v1.2 (80%) 

Modes of transport 44 86% 246 (113) v.2.0 (64%) 

Transport policy 

richness 

34 65% 334 (249) v.1.2 (35%) 

v.2.0.0 (24%) 

Functionality 

Velocity 

– – – – 

Total items (issues, 

improvements, 

suggestions) 

864 92% 105 (13) v2.0.0 (25%) 

v1.0.0 (16%) 

v0.4.0 (12%) 

other (47%) 
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5.1. The nature of tensions 

The first tension, individual trip data, primarily 

concerns privacy vs. data granularity. Digital policy 

instruments allow the capture and transfer of detailed 

data on behavior at an unprecedented level. Cities 

require detailed trip data to enforce regulations, but 

such data exchanges can lead to privacy concerns. This 

trade-off is, for example, by Uber's opposition to data 

requirements, which they equate with unwarranted 

surveillance, despite the absence of direct personal 

data transfer. Another interesting findings was how 

GDPR increased such concerns for cities within the 

EU, causing a distinct stakeholder group among the 

cities in the instrument (Voß & Simons, 2014). 

Balancing detailed data for policy enforcement with 

privacy protection is likely to be a common tension in 

the development and evolution of many digital policy 

instruments, for instance in the medical domain. For 

MDS, the mutability of these instruments, i.e., the fact 

that their functionality can be readily adapted and 

configured, allowed the instrument constituency to 

navigate this tension. 

The second tension, supporting multiple modes in 

the MDS, required the OMF to weigh several trade-

offs. Expanding from e-scooters to include bike 

shares, mopeds, and delivery robots presented 

opportunities to grow the instrument's impact but also 

challenges due to unique requirements for each mode. 

Rapid technological advancements add to this 

hybridization of modes, further complicating how to 

demarcate distinct categories. This suggests that other 

digital policy instruments in fast-evolving, tech-driven 

contexts, like smart cities or IoT, may face similar 

ontological challenges, requiring ongoing adjustments 

and stakeholder negotiations. For MDS, the 

instrument’s associability (Franco, 2013), i.e., the 

model’s capacity to relate its contents based on shared 

attributes with other elements, allowed deeper 

inspection of similarities and differences among 

modes.  

The third tension, instrument richness addressed 

how model designers juggled whether and how to 

include support for policy variety. As MDS expanded, 

additional policy calls increased, making compliance 

resource-intensive for operators. The inflexibility of 

algorithms, which follow explicit, predefined rules, 

made handling exceptions or nuanced situations 

difficult. Our findings suggest that the complexity of 

translating codified rules into digital algorithms 

extends beyond transportation to other sectors, such as 

financial regulation. In these contexts, digital policy 

instruments must balance granular rule enforcement 

with practical compliance for financial institutions, 

while accommodating diverse local regulatory 

requirements across jurisdictions, potentially leading 

to increased complexity in the instrument model. 

Tension four, functionality velocity, revolved 

around the rate of implementation of new functionality 

and the challenges associated with a growing and 

diverse installed base of versions across cities. While 

the mutability (Franco, 2013) of digital policy 

instruments allows rapid functional development and 

deployment, changes come with costs at the 

implementation level. For cities, one of the reasons to 

adopt a standard such as MDS is the ease of use and 

lower costs. As overly complicated solutions might 

decrease ease-of-use and updates come with costs, 

balancing demands for change and stability (Farjoun, 

2010). Traceability, i.e., digital policy instrument’s 

capacity for following and combining content over 

time that allows tracing of knowledge on the 

accumulation of effects, might enable analyses of the 

stock of versions and use of functionality in 

implementations. We believe the functionality 

velocity tension can arise in any domain using digital 

policy instruments, as the pace of updates needs to be 

balanced against the costs and complexities of 

managing diverse versions across jurisdictions. 

5.2. Tension evolvement 

Developing the policy instrument involves 

abstracting interaction principles to define specific 

rules that may be implemented as a technical standard. 

Our case of MDS development shows at least three 

patterns in such efforts (see Table 3). 

Specificity and Complexity: Specific, well-

defined issues, such as those in the "Individual trips" 

tension, tend to be resolved more efficiently and 

completely. This suggests that digital policy 

instrument constituencies that aim to clearly delineate 

and define issues wherever possible may achieve a 

higher degree of resolution. On the other hand, 

complex and open-ended and spanning issues, as seen 

with the "Richness" tension, require more significant 

effort and often remain partially unresolved. This 

indicates a need for more robust frameworks and 

methodologies to tackle such complexities, especially 

since the associated issues will accumulate and occupy 

development bandwidth. 

Effort Allocation: The varying levels of effort 

required to resolve different tensions underscore the 

importance of resource allocation in the development 

process. Perhaps counterintuitively, technical issues, 

while taking a lot of development effort, are faster to 

resolve in the coordination space. More abstract, 

conceptual, and principle-based issues may be more 

resource-demanding. Strategic resource allocation and 

a clear governance model for collaboration may 

enhance efficiency of policy instrument development. 

Evolution and Adaptation: The continuous 
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manifestation of certain tensions, such as "richness" 

across multiple versions indicates that some 

challenges are inherent and ongoing. As the policy 

instrument develops, such issues will accumulate. 

More research is needed to understand the long-term 

implications of tension accumulation on the 

development work.  

5.3. Implications 

Our study has four main implications for research 

and practice. First, the surveillance capacity enabled 

by digital policy instruments poses a serious risk. 

Decision-makers should involve multiple stakeholders 

and consider potential misuse. Second, the 

hybridization of digital technologies into product 

categories can disrupt typologies and accelerate the 

evolution of regulated technologies, as seen with new 

transport modes. Hence, we argue, adapting ontologies 

and functionality is a governance and knowledge 

transfer challenge rather than technical. Third, 

digitalization can increase transparency by capturing, 

analyzing, and visualizing data. However, closer 

observation of behavior can bring scrutiny to 

previously overlooked conduct, necessitating further 

codification or the use of 'buffer practices' to avoid 

overly ambitious regulation. Fourth, the rapid 

evolution of regulated technologies and the flexibility 

of digital policy instruments suggest that changes in 

models are often justified and low-cost. However, 

model changes incur severe implementation costs that 

policy constituencies must consider. 
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