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Abstract 5 
 6 
Accessibility analysis has long been used to gauge inequalities and inequities in 7 
people’s ability to reach employment, education, greenspaces, and other activity 8 
locations. This paper proposes that the contributions that accessibility analysis 9 
makes to addressing transportation justice can be enhanced if the knowledge pro-10 
duction processes that generate accessibility outcomes are adapted. It therefore in-11 
troduces a transdisciplinary approach to co-produced space-time accessibility 12 
measurement, CoProSTAM, in which experiential, practitioner and academics 13 
knowers collaborate closely. CoProSTAM has been developed on the basis of our 14 
collaboration between academic researchers, a collective of low-income women 15 
(Dimú), and local policymakers in the Medellin metropolitan area in Colombia. 16 
The paper also presents an empirical application which shows how accessibility 17 
varies according to the location of publicly available childcare facilities, with pro-18 
found implications for the livelihoods and opportunities for healthy living among 19 
low-income women in the Global South. By building on our CoProSTAM ap-20 
proach, accessibility researchers will be able reduce the epistemic injustices that 21 
are embedded in much transport research and foster new ways of understanding 22 
inequalities in accessibility in and around urban areas. 23 
 24 
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1 Introduction 30 

In transport and urban research, accessibility has long been used to gauge trans-31 
portation inequity and injustice in the employment, education, health, greenspace 32 
and other opportunities that individuals and communities can reach, given the dis-33 
tribution of land uses and configuration of transport systems (Martens, 2012; 34 
Pereira et al., 2017; Willberg et al., 2024). A suite of different accessibility 35 
measures has been deployed to this effect, from place-based measures such as the 36 
distance to the nearest opportunity, cumulative opportunity measures, gravity-37 
based measures and floating catchment area measures (e.g. Klar et al., 2023; Pirie, 38 
1979; Wan et al., 2012). While useful, the use of these measures has been criti-39 
cized for failing to capture many interpersonal differences in time availability, ac-40 
cess to particular means of transport, or cultural norms and values that assign par-41 
ticular responsibilities and roles to specific individuals (e.g. Chen & Yeh, 2021; 42 
Kwan, 1998; Neutens et al., 2010; Schwanen & de Jong, 2008). Mei-Po Kwan, 43 
for instance, has argued for the use of space-time accessibility measures 44 
(STAMs), on the grounds that these can better articulate how accessibility is 45 
shaped by the gendered nature of activity and travel patterns (Kwan, 1998; Kwan 46 
& Weber, 2008). 47 
STAMs have seen significant advancement since they were first proposed by the 48 
Lund School around Torsten Hägerstrand in the 1970s (Hägerstrand, Torsten, 49 
1970; Lenntorp, Bo., 1976). The use of GIS and geo-computation has allowed, 50 
among others, the incorporation of the consequences of road congestion on travel 51 
speeds (Wu et al., 2001), the existence of multimodal transport network (Qin & 52 
Liao, 2024), variations in opening hours of facilities at destinations (Kim & 53 
Kwan, 2003), uncertainty over travel times and the start and end times of time 54 
windows within which flexible activities and travel can be undertaken (Ettema & 55 
Timmermans, 2007; Fu et al., 2022; Kuijpers et al., 2010; Lee & Miller, 2020), 56 
and the existence of monetary and carbon budgets alongside spatial and temporal 57 
constraints (Mahmoudi et al., 2019; Qin & Liao, 2024). All these improvements 58 
can be harnessed in the evaluation of transportation inequity and injustice. 59 
Yet, studies employing STAMs can make additional contributions to transporta-60 
tion justice if its processes and practices are changed such that it contributes to 61 
greater epistemic justice – how knowledge production is attuned to the experi-62 
ences and knowledge of diverse groups and individuals. Epistemic justice is at-63 
tracting increasing attention in transport and mobility research (Lindberg et al., 64 
2023; Lowe et al., 2023; Schwanen, 2021; Smeds et al., 2020) but the term has 65 
multiple meanings and dimensions. A first dimension is about inclusion, and the 66 
question of equitable participation of different (groups of) knowers in knowledge 67 
production (Pohlhaus, 2017). Key concerns here relate to testimonial injustice and 68 
testimonial smothering (Dotson, 2012; Fricker, 2007). The former relates to par-69 
ticular knowers not being given the opportunity to make their voice heard, and the 70 
latter that knowers may abridge or otherwise leave out important elements from 71 
what they communicate because they believe others are more interested or may 72 
not want to hear those elements. A second dimension refers to hermeneutical in-73 
justice (Fricker, 2007; Pohlhaus, 2017), which arises when epistemic resources – 74 
e.g., conceptual frameworks, models and methodological practices – cannot 75 
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adequately respond to the understandings, practices and experiences shared by 76 
certain knowers because those resources are inadequately developed. Nested 77 
within the broader category of hermeneutical injustice is ‘wilful hermeneutical ig-78 
norance’, which arises when researchers keep using frameworks or models that 79 
are inapt for understanding and responding to particular practices and experiences 80 
(Pohlhaus, 2017).  81 
The aim of this paper is to introduce a transdisciplinary approach to space-time 82 
accessibility measurement that recognises unevenly structured power relations 83 
within knowledge co-production and prioritises epistemic justice in accessibility 84 
analysis. Demonstrating how greater epistemic justice can be realised within an 85 
actual research project using STAM together with a group of marginalised indi-86 
viduals is an integral part of what the paper tries to achieve. We, therefore, dis-87 
cuss a co-produced STAM – henceforth called CoProSTAM – that was developed 88 
between academic researchers, local authorities in Itagüí – a municipality in the 89 
Medellin metropolitan area, Colombia – and a collective of low-income women 90 
living in a semi-formal and peripheral development in Itagüí. The experimental 91 
process we followed was far from perfect – and significantly affected by the 92 
COVID-19 pandemic. Nonetheless, it offers a rich account of how collaboration 93 
and continual dialogue among academic knowers, practitioner knowers (local au-94 
thority representatives), and experiential knowers (low-income women) shaped 95 
the various decisions involved in designing CoProSTAM as well as the modelling 96 
results and interpretation.  97 
We consider it important that the structure of the paper aligns with the processes 98 
through which CoProSTAM was specified and applied. This is why the remainder 99 
of the paper commences with a brief introduction to the group of experiential 100 
knowers with whom CoProSTAM was developed. Offering an early description 101 
of this group of co-researchers and the ways they interacted with the academic 102 
and practitioner knowers sets the scene for understanding how the logics of aca-103 
demic, practitioner, and experiential knowers intertwine to produce CoProSTAM. 104 
This is followed by a presentation of the general approach underpinning CoProS-105 
TAM, with special attention directed to the methods for creating an accessibility 106 
measure centres epistemic justice. We subsequently offer an account of how Co-107 
ProSTAM was used to consider a practical accessibility problem that the partici-108 
pating low-income women agreed mattered significantly to their daily lives. The 109 
paper concludes with reflections on how transdisciplinary coproduced STAM 110 
analysis can be advanced in the future. 111 
 112 

2 Context: Dimú 113 

During January 2020 women in charge of at least one child of 8 years of age or 114 
less and living in the peri-urban area of Itagüí known as the Corregimiento ( 115 
Figure 1) were invited to take part in a two-day workshop to discuss their access 116 
to healthy living. Invitations were distributed by academics in [redacted for peer 117 
reviewed purposes] through local schools and day-care centres in the areas of in-118 
terest, and local community leaders contacted in person. The workshop included 119 
lunch and coffee, and childcare was provided during the activities. The workshop 120 
was held at one of the biggest childcare centres in the area to offer a space that 121 
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would be easy to access and feel familiar, safe, and neutral for the participating 122 
women. The equivalent of the national minimum hourly salary plus a transport 123 
subsidy were offered to all attendees. As a result of this workshop, a civil society 124 
collective was created and named “Dimú – diálogo con mujeres emprendedoras” 125 
(dialogue with entrepreneurial women). 126 
 127 

 128 
Figure 1. Map of the location of the Corregimiento in Itagüí, municipality part of Medellin’s met-129 

ropolitan area.  130 
 131 

Dimú consists of around 40 women most of which have been part of the group 132 
since the first workshop. In 2020 their median individual monthly income was 133 
US$ 13-30 and that of their household US$ 135-270, both of which are signifi-134 
cantly below the average for the Medellin metropolitan region (Table 1). Alt-135 
hough Dimú membership and level of participation has varied, our most recent 136 
survey indicated that only 4 members were employed, 13 worked as independ-137 
ents, 12 were unemployed and 9 were full-time homemakers (Orjuela & 138 
Schwanen, 2023). The Corregimiento is a peripheral and starkly marginalised area 139 
within the municipality of Itagüí and the wider metropolitan area. A shortage of 140 
local jobs and services is compounded by geographical barriers such as its high-141 
slope mountains and the Medellin River to the East of Itagüí.  142 
 143 
Table 1. Demographic data of Dimú members and averages for the Medellin Metropolitan Area* 144 

  Min Median Mode Max 

Age Dimú 21 32 32 67 

Monthly 
income** 

Dimú (individuals) 0 US$ 13.5-<27 US$ 27-<135 US$ 135-<270 
Dimú (total per house-

hold) 0 US$ 135-< 270 US$ 135-< 270 US$ 270-<540 

Medellin Met Area 
(mean for economically 

active population) 
314 

  Employed Unemployed Not looking for 
a job Other 
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Employment 
status 

Dimú 42.5% 30.0% 22.5% 5.0% 

Medellin Met Area 47.7% 6.3% 46.0% - 
*Numbers for the Medellin Metropolitan Area are estimated using the official data found at (Gon-145 
zález et al., 2023; Pulgarín Agudelo & Torres Gómez, 2022) 146 
**Income values are estimates in USD in 2020 based on surveys done in Colombian Pesos (COP) 147 
 148 
Knowledge exchange processes started with two workshops in early 2020, in 149 
which, on the insistence of the Dimú members, representatives of Itagüí’s local 150 
government secretariats of health, mobility, and environment also took part. 151 
When the COVID-19 pandemic hit, all in-person activities were suspended. Be-152 
tween April and September 2020, this knowledge exchange took place through a 153 
combination of WhatsApp-based story-telling exercises and surveys, which in-154 
cluded contributions through videos, photographs, voice messages, personal dia-155 
ries, and crafts. After the lockdown, we carried out a set of activities we have 156 
called ‘experiential focus groups’ where Dimú members would choose a set of 157 
places to be visited and route to be followed to reflect on specific topics part of 158 
our research. Note that these experiential focus groups are neither traditional 159 
walkalongs as they are not ethnographic research, nor an observation of move-160 
ment from participants. We believe this to be a different type of method to those 161 
defined by Urry (2007) in the set of tools available for mobilities research. In 162 
short, Dimú members were given as much freedom as possible to choose how 163 
they wanted to share their views and concerns. 164 
Accessibility and healthy living were the most important topics at the centre of 165 
knowledge exchange activities with Dimú. Accessibility to the city’s goods and 166 
services in general was emphasized to be limited by lack of amenities close to 167 
their place of residence, safe walking routes at night, and very limited modal 168 
choice that restricted most of their trips to walking. None of the Dimú members 169 
had regular access to a car, and only a few of them have sometimes access to an 170 
acquaintance’s motorcycle. Active travel other than walking is impeded by the 171 
high-slope hills where they live which make cycling and other active travel alter-172 
natives an impossibility. Taxis and ride hailing are too expensive for daily trips 173 
and unavailable at night because drivers refuse to take trips to/from the Corregi-174 
miento after dark because of safety concerns. Public transport is offered but the 175 
buses used by the local authority are too big for the narrow infrastructure in the 176 
area, making the schedule times infrequent and unreliable. The women in Dimú 177 
also perceived public bus use as unviable when carrying bags or babies, as they 178 
cannot go through the turnstiles with them. Access to places for a healthy living 179 
was extensively discussed during the workshops.  180 
It is in this context that we created CoProSTAM, an accessibility measure that 181 
would be academically robust, enhances epistemic justice through recognition of 182 
the accessibility barriers experienced by Dimú, and that would offer useful in-183 
sights for those involved in transport, health, and environmental policymaking in 184 
the area. It was collectively agreed among the three groups of knowers that the ac-185 
cessibility measure would centre access to ‘healthy living’, defined by four dis-186 
tinct components: i.) mental health, spirituality, and entertainment; ii.) health 187 
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services; iii.) green areas, leisure, physical activity, parks, and environment; and 188 
iv.) home and food.   189 

3 General approach 190 

In this section we present a detailed description of the transdisciplinary methodol-191 
ogy developed for CoProSTAM in general terms. This section presents the steps 192 
taken to create a transdisciplinary approach to space-time accessibility measure-193 
ment that centres knowledge co-production in a reflexive manner aware of forms 194 
of knowledge beyond the academic one. CoProSTAM’s development is premised 195 
on two sets of guiding principles and follows a sequence of three practical stages. 196 
The guiding principles are elaborated in sub-section 3.1. The sequence of practi-197 
cal stages can be summarized as early definitions, iterative process, and results 198 
and final products and these are elaborated in the sub-sections that follow.  199 

3.1 Guiding principles 200 
The first set of guiding principles, namely pragmatism and flexibility, sought to 201 
minimize hermeneutical injustice and maximize applicability of the developed 202 
tool. While the technical proficiency of STAM analysis has improved markedly 203 
over the past two decades, CoProSTAM is based on an algorithm that is straight-204 
forward and can be implemented with readily available open-source software. 205 
This means that it can easily be embedded within the planning and policy for-206 
mation processes of public authorities with modest resources and geo-computa-207 
tional competencies. Moreover, the steps taken in the computational process and 208 
kinds of data inputs required can be communicated with, and understood by, indi-209 
viduals with no prior training in either geo-computation or accessibility analysis. 210 
This approach made it possible for Dimú members and other non-academic know-211 
ers (see below) to contribute to, and challenge, the steps and decision-making in 212 
CoProSTAM analysis. 213 
The second set of guiding principles – plurality, continuity, and legitimacy of 214 
voice – emerged from some simple ‘rules of the game’ for interaction that the aca-215 
demic knowers developed a priori. The eventual guiding principles informed the 216 
whole CoProSTAM development process. They sought to reduce the risks of tes-217 
timonial injustice and testimonial smothering, and help generate an atmosphere in 218 
which the status quo in the lives and mobility experiences of women like those in 219 
Dimú could be challenged openly and safely.  220 
Plurality of voice: The potential of CoProSTAM to include knowers that have 221 
been traditionally excluded from this process depends on its ability to congregate 222 
plural voices as means for testimonial justice. Here, by ‘plurality’ we mean voices 223 
that can represent various knowledges inside and outside of traditional epistemic 224 
institutions. This does not go against focusing on specific ethnicities or de-225 
mographics. For example, in our case, we have worked with a group that accepts 226 
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(‘only’) women1 with very low incomes and whose experiential knowledges have 227 
been systematically excluded from knowledge production processes institutional-228 
ised in the realms of academia and public planning.  229 
Continuity of voice: One way to reduce testimonial smothering is to create spaces 230 
where trust and detailed exploration are fostered. The continuity of voice, that is, 231 
the understanding that the voices co-producing the accessibility measure will do 232 
so throughout the various stages of the process, is essential in this aspect. The 233 
continuity of voice is therefore a key distinction between co-production processes 234 
and consultation exercises which have larger risks of being exploitative and leave 235 
more room for interpretation from some power-rich knowers. 236 
Legitimacy of voice: this is the recognition of the legitimate concerns, sugges-237 
tions, and analyses of the various voices involved. It allows for the creation of 238 
knowledge production processes which avoid the dismissal of matters raised by 239 
some knowers and the invalidation of some epistemologies. It is important to 240 
highlight that recognising the legitimacy of voices does not imply an agreement or 241 
consensus to take decisions. In our work we constantly reached points where we 242 
had to prioritise financial, temporal, and human resources, recognising some con-243 
cerns would have to be left for future work or were against the principles of prag-244 
matism explained before. However, all concerns were noted and through meetings 245 
and workshops, major concerns were addressed collectively. 246 
With these guiding principles defined, we move towards the practical stages of 247 
the process. Figure 2 shows how these stages of early definitions, core iterative 248 
process, and results and final products intersect with guiding principles of prag-249 
matism, flexibility, and the three principles of inclusive participation. 250 
 251 

 252 
 

 
 
1 Although transgender women were welcome to join the group, all participants identified themselves as cis-
gender women. Despite posters, participant information sheets and other announcements to take part said ex-
plicitly the call was for women only, one man came to the first workshop and was turned down by workshop 
organisers. No non-binary people showed explicit interest in joining.  
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Figure 2. General approach divided in three practical stages (early definitions, core iterative pro-253 
cess, and results and final products) and their relationship with guiding principles. 254 

3.2 Early definitions 255 
In the first stage we defined the groups that would contribute to the project, the 256 
specific research questions, and the structures for operationalising and using Co-257 
ProSTAM. To explicitly recognise the various types of knowledges while provid-258 
ing a clear structure for the operationalisation and analysis process, we created 259 
three categories of knowers – experiential, academic, and practitioner.  260 
Experiential knowers are people who experience the accessibility, poverty, and 261 
gender discrimination conditions part of this research (Gélineau et al., 2024; 262 
Wresinski, 2005). These are, in turn, those who are better equipped to choose 263 
what elements of daily experiences need to be included and to judge if the abstract 264 
representations in a mathematical model are relevant for the experience of the is-265 
sues they intend to address. This group of knowers will define the various compo-266 
nents of accessibility, will define activity diaries and priorities, and provide ad-267 
vice on outputs to share with different audiences (Table 2).  268 
Practitioner knowers are those who know the issues at hand through daily profes-269 
sional activities such as policy makers and civil servants (Gélineau et al., 2024; 270 
Wresinski, 2005). These are knowers in the action part of PAR, and the various 271 
trade-offs, compromises, and restrictions associated to it. In the words of Wresin-272 
ski (2005), “academic studies cannot replace the knowledge that the action can 273 
and should have of itself, for itself” (Wresinski, 2005, page 8). In geographical 274 
contexts like Itagüí where the resources and capabilities available to public au-275 
thorities are severely restricted and staff need to juggle multiple resources and/or 276 
move quickly between roles, many officials may not have work for long periods 277 
of times on a specific topic or in a given role. However, support from high-rank-278 
ing officials may help to offer greater continuity in a professional organisation 279 
and will typically be able to communicate the organisation’s needs to more junior 280 
colleagues. Furthermore, the group of practitioner knowers should offer an oppor-281 
tunity for horizontal integration (i.e. between various administrative offices re-282 
lated to transport, land use, and environment) and vertical integration (i.e. be-283 
tween various government scales like local, regional, and national). 284 
Academic knowers are scientists, scholars, and university students whose research 285 
practices are – or at least should be – informed by the rules, norms and procedures 286 
defined by the academic research communities to which they belong. Academic 287 
knowers are in charge of creating algorithms, defining the data needs for the 288 
model to work, and adjust it to better reflect the experiences of the experiential 289 
knowers. They are also in charge of coordinating and managing the entire process. 290 
This group should be able to combine skills associated to quantitative methods of 291 
accessibility modelling and statistics, ethnographic studies, time geography, and 292 
policy scenarios.  293 
The combination of these three groups creates a research structure that redistrib-294 
utes expertise (Whatmore & Landström, 2011) while facilitating the evaluation of 295 
(realised changes in) testimonial justice in that process (Gélineau et al., 2024). 296 
Note that the three groups categories need not be mutually exclusive as some indi-297 
viduals may be part of more than one category (e.g., an academic researcher who 298 
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also works for local government) or switch between categories across different 299 
stages in the operationalisation and analysis process (e.g. an experiential knower 300 
who, possibly because of participation in the research, decides to apply for a local 301 
government position). 302 
 303 

Table 2. Defined responsibilities for the three groups of knowers. 304 

3.3 Core iterative process 305 
The core of the accessibility analysis is an iterative process in which experiential 306 
and academic knowers are working towards reaching a model that is practically 307 
executable (pragmatism principle), but a fair representation of the main obstacles 308 
to accessibility experienced by experiential knowers (legitimacy of voice princi-309 
ple). For the development of CoProSTAM we follow a process like the one de-310 
scribed by Kim and Kwan (2003), with some modifications, as shown in Figure 311 
3. Below we explain each step and highlight what the co-production aspect of our 312 
work adds to traditional conceptions of STAMs.  313 
 314 

 315 
Figure 3. Algorithm followed in CoProSTAM. 316 

Knower type Brief description of the group Main responsibilities 
Academic Knowers within academic 

structures. 
Funding, CoProSTAM coding, survey de-
sign and deployment, workshop design and 

organisation, manage and coordinate the 
project, lead academic outputs such as pa-

pers. 
Experiential Knowers living in the area of 

interest with daily experiences 
of the accessibility and mobility 

aspects at hand. 

Define places to measure access to, priori-
tise components of accessibility, define ac-
tivity diaries, define time variables. Offer 

input throughout the process. Help to define 
main outputs and project legacy. 

Practitioners Knowers from existing govern-
mental structures with access to 
secondary data on mobility and 
other areas of interests defined 

by experiential knowers. 

Help build modelling scenarios, provide 
policy documentation and context, provide 
secondary data and GIS layers. Help define 

main outputs and project legacy. 
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3.3.1 Activity programmes and flexibility  317 

STAMs usually begin with the definition of activities included in the activity pro-318 
gramme – the list of activities to be conducted in a given time period – as fixed in 319 
both space and time, or flexible. Traditional STAMs work by anchoring two fixed 320 
locations (typically residence and primary work location) and defining a space of 321 
possible opportunities for the flexible ones, which in turn will be used for the ac-322 
cessibility measure. The more opportunities for flexible activities, the larger the 323 
accessibility measure. A traditional example can be going grocery shopping (flex-324 
ible) between work (fixed) and home (fixed). However, as discussed below, the 325 
experiential knowers challenged conventional assumptions about space-time fix-326 
ity and flexibility in STAMs and CoProSTAM treats space-time fixity and flexi-327 
bility differently compared to other measures.  328 
In this context, fixity and flexibility refer to the ease with which the location of 329 
the activity in physical space and/or in a person’s day or week can be changed (M. 330 
Kwan, 2000). Like Schwanen et al. (2008) who use a fixity/flexibility continuum, 331 
we opted for a distinction of fixed versus non-fixed activities with highly fixed 332 
activities being only those characterised by a location and start and end times that 333 
could not be negotiated. An example of this can be making lunch for one’s family. 334 
The location is fixed as lunch will be prepared and consumed at home, and the 335 
time is also fixed as other family members rely on its availability at specific 336 
times.  337 
However, flexible activities come in multiple forms and, informed by the inputs 338 
from the Dimú experiential knowers, three activity flexibility dimensions have 339 
been defined: engagement, temporal, and spatial flexibilities. The first dimension 340 
refers to how important it is for the activity to occur or not. For example, for peo-341 
ple working in multi-level marketing or delivering and selling homemade cakes 342 
and pastries, visiting clients is very important, especially if livelihoods depend on 343 
it, which means this activity will have a low engagement flexibility (i.e. non-ne-344 
gotiable). However, delivering these to clients has some level of spatial and tem-345 
poral flexibility as they can negotiate when and where to meet. On the other hand, 346 
going to church won’t happen every day and sometimes not even every week 347 
(high engagement flexibility; negotiable) even if it is fixed in both space (their 348 
preferred temple) and time (when Mass is held). Some other examples of how 349 
these variables are combined in different activities mentioned by Dimú members 350 
are shown in Figure 4. For example, visiting a family member with reduced mo-351 
bility may have a large degree of temporal flexibility as the precise moment on 352 
when to meet can be discussed and rearranged, but it will have very little spatial 353 
flexibility as it is assumed this visit will happen at their home. In contrast, helping 354 
kids with their homework may have a large level of spatial flexibility as this can 355 
happen at home, at a friend’s home, or even out in a park, but its temporal flexi-356 
bility is quite restricted as the activity will have to take place sometime after 357 
school and before bedtime on specific weekdays.  358 
 359 
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 360 
Figure 4. Varying dimensions of activity flexibility used in CoProSTAM. 361 

Experiential knowers are best equipped to define which activities should be in-362 
cluded in activity programmes, and the status of those activities as fixed or flexi-363 
ble, as it is their daily activities that are under consideration here. This can be 364 
done through travel surveys that are then discussed with academic knowers who 365 
will be translating survey answers into model inputs. The surveys and follow-up 366 
discussions can also be used to define sources of information for locations and 367 
opening times for activities. For example, the exact location and opening times of 368 
grocery shops, parks, and other common locations can be defined based on Open-369 
StreetMap (OSM, 2015) and locations and available hours for clients, family and 370 
friend visits based on agreed approximations with experiential knowers. Handing 371 
over the power to identify these elements reduces the risk of wilful hermeneutical 372 
ignorance (Pohlhaus, 2017), discussed in the Introduction section. This risk mate-373 
rialises, for instance, when researchers persist with the assumption that all paid 374 
work activities are fixed in space and time, even if they know this may not apply 375 
to certain people whose accessibility is being modelled. 376 
A final point on activity programmes is on the priority order the algorithm uses to 377 
decide which activity takes place next. Like other STAMs, CoProSTAM assigns 378 
fixed activities as a starting point. The order in which CoProSTAM will then look 379 
for opportunities to allocate other activities is defined by the order in which these 380 
are fed in the activity diary, hence those with lower engagement flexibility (non-381 
negotiable) need to be listed first. This means that the algorithm will look for 382 
ways to carry out non-negotiable activities first and opportunities for fully nego-383 
tiable activities will only be searched for when either no other non-negotiable ac-384 
tivities are left, or when spatial and temporal constraints don’t allow for those to 385 
be done. Take for example visiting a client and going for ice cream. If visiting a 386 
client has lower engagement flexibility than going for ice cream, it should be 387 
listed in the activity diary first so that the algorithm prioritises opportunity 388 
searches to visit clients. However, if there is an available slot at 18:00 for a 389 
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flexible activity but no client can be visited after 17:00, the algorithm will look 390 
for opportunities for ice cream, even if not all clients have been visited. For activ-391 
ity diaries that span multiple days, activities that cannot be carried out on one day 392 
are carried over to the next without further changes in their flexibility definitions.  393 
Note how a co-produced approach allows for all the nuance in the definition of 394 
fixed and flexible activities mentioned here. For example, activities associated to 395 
going to a park can be restricted to occur between sunrise and sunset even if the 396 
park is not officially closed if experiential knowers highlight visiting a park after 397 
dark being too dangerous to be a real option. Activity schedules get more complex 398 
as more elements of daily life are introduced, and hence the flexibility and prag-399 
matic guiding principles are essential in defining a boundary of how complex this 400 
process will get, while the participatory principles will guide a minimum level of 401 
representation of legitimate concerns. In any case, defining activities in co-pro-402 
duction with experiential knowers is both challenging and essential to uncover re-403 
strictions in both time and space that people may be subject to that traditional ac-404 
cessibility models typically ignore. 405 

3.3.2 Available modes  406 

After creating the activity schedule, we choose two fixed locations and find which 407 
of the flexible activities in the activity programme can be completed in-between, 408 
just as other STAMs do. To do this, CoProSTAM needs to define travel modes 409 
that are available, which in many cases will mean actively engaging with popular 410 
transport (also known as informal or paratransit). Other restrictions such as defin-411 
ing the price level at which taxis and ride hailing become prohibitively expensive, 412 
or unofficial operating times due to safety concerns are all part of the richness that 413 
comes from co-production with experiential knowers. These transport restrictions 414 
and alternatives are typically not mapped or kept in official databases, while 415 
routes can be difficult to trace, requiring essential input from experiential know-416 
ers. This is why none of these elements have been considered in traditional 417 
STAMs. 418 

3.3.3 Calculating accessibility  419 

At the core of accessibility measures there is a mathematical expression that ex-420 
presses accessibility from an origin as a function of opportunities available at pos-421 
sible destinations and one or more indicators of travel to destinations, usually 422 
some version of invested time and/or money (Hanson & Schwab, 1987). STAMs 423 
tend to offer a daily accessibility measure. However, the definition of a weekly 424 
accessibility measure offers the possibility to include activities with less-than-425 
daily frequency such as visiting friends and family or going to church. Consider-426 
ing the components of healthy living (mental health, health services, green spaces 427 
and leisure, and home and food), and how they interact with each other, a weekly 428 
definition helps give further flexibility to the model without a big cost on pragma-429 
tism. By making relevant activities outside of the “typical” day it may also reduce 430 
the risk of testimonial smothering. Considering this, CoProSTAM defines a 431 
weekly accessibility measure as the sum of accessibility for daily activities:  432 
 433 
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[equation 1] 435 
 436 
Where Wkacc (weekly accessibility) is the sum of the k daily accessibilities (Dacc). 437 
Note that the possibility of weekly timescales and accessibilities does not avoid 438 
daily calculations, but just give the possibility of periods that extend beyond one 439 
day. This is also why the sum term for k is defined as a maximum of seven days. 440 
As shown below, k can be simplified to, for example, three days to include two 441 
weekdays and one Sunday. As the last segment of equation 1 shows, Dacc is the 442 
sum of accessibility measures for n potential path areas (PPA). Every PPA is de-443 
fined as a geospatial area where flexible activities can take place, limited by the 444 
time available between two fixed activities (Kim & Kwan, 2003). For example, if 445 
a fixed activity is leaving work at 17:00 and the next fixed activity is being home 446 
for dinner at 19:00, the two hours between 17:00 and 19:00 create one PPA de-447 
limited by the area that can be visited in those two hours. If the flexible activity is 448 
exercising, and the minimum engagement time of this activity is 45 minutes, all 449 
fitness centres within 1 hour and 15 minutes of total travel time (i.e. the sum of 450 
the time to get there from fixed work and the time to get home after), and with 451 
opening times during this window will be part of the opportunity space. Each fit-452 
ness centre will be a different location j for which the accessibility value can be 453 
calculated separately. The accessibility in each PPA n is defined as:  454 
 455 
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 456 

[equation 2] 457 
 458 
Where Accn equals the accessibility in the nth PPA, vi,j are the travel resistance 459 
variables for location j, Durj is the maximum time of engagement in location j for 460 
the flexible activity in the opportunity space, and	ßi are the relative weights of the 461 
resistance variables. Travel resistance variables limit desired travel and can in-462 
clude, among others, travel time, out-of-pocket costs, exposure during travel to 463 
(gendered) harassment and violence, or exposure during travel to air and noise 464 
pollution. Determining the nature of those variables and weights involves three 465 
consecutive steps. In step 1, experiential, academic and practitioner knowers col-466 
lectively agree what factors should be included in the model through workshops, 467 
surveys, or interviews. These factors can be loosely defined, for example, ‘cost of 468 
travel’. In step 2, academic knowers define specific travel resistance variables 469 
(vi,j) that account for the agreed factors and suggest a range for the relative 470 
weights (ßi). This is essential to assure that variables and other inputs are defined 471 
appropriately and precisely, and that results adhere to rigorous scientific standards 472 
and that the sum of weighted variables remains relevant. For example, the loosely 473 
defined ‘cost of travel’ factor from step 1 would now be defined as ‘cost of entire 474 
trip based on fuel consumption for private travel and ticket price for public 475 
transport as a proportion of average monthly individual income’ and a specific 476 
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range for the corresponding ß could be defined as between zero and one [0, 1]. In 477 
step 3, academic knowers present a series of scenarios to experiential and practi-478 
tioner knowers to illustrate how these variables interact, make necessary adjust-479 
ments, and agree on the final combination of weights and variables to use.   480 
Once the accessibility is calculated for all flexible activities, CoProSTAM ranks 481 
the accessibility results and treats the flexible activity with the best accessibility 482 
metric as a new fixed activity and repeats the process. If no flexible activities can 483 
be performed, the model moves to the next pair of fixed activities.  484 

3.4 Results and final products 485 
It is key that all knowers have an opportunity to scrutinise, interpret, and propose 486 
changes to the ways results are being presented and the conclusions that are being 487 
drawn from them before results are shared with wider audiences. As in previous 488 
sections, the plurality of voice should be followed as guiding principle. If the re-489 
sults are defined by only one category of knowers, there is a risk of epistemic ex-490 
ploitation in which, for example, academic knowers use the input of experiential 491 
knowers and the data from practitioner knowers to benefit their own academic en-492 
deavour.  493 
 494 

4 Application of CoProSTAM 495 

In this section we show how the general methodology for a CoProSTAM de-496 
scribed in section 3 can be applied to the specific case of evaluating how different 497 
childcare locations in the Corregimiento of Itagüí can access to healthy living for 498 
a low-income woman residing in that area.  499 

4.1 Early definitions 500 
CoProSTAM can be illustrated through the following case involving experiential, 501 
academic, and practitioner knowers. The group of experiential knowers is entirely 502 
comprised of Dimú members and was led by two co-authors of the current manu-503 
script: [omitted for peer review], who is also intern from [idem] and therefore also 504 
an academic knower, and [idem]. Other academic knowers are two scholars from 505 
the University of [idem], [idem] and [idem], and an MSc researcher from [idem] 506 
University, [idem]. [idem] also played a role as part of the cabinet of the Mayor of 507 
Itagüí and led the practitioner knowers group which also included representatives 508 
of the secretariats of mobility, environment, and health. Collectively these know-509 
ers agreed on the following question:  510 
 511 
“How can different childcare locations impact the accessibility to a healthy life of 512 
a mother living in the Corregimiento of Itagüí with a monthly income equivalent 513 
to the minimum national salary?” 514 
 515 
The group of knowers and original research question were defined in our first 516 
workshop. A flowchart illustrating the different activities carried out, the data col-517 
lection methods and the corresponding practical stages is shown in Figure 5.   518 
 519 
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 520 
 521 

 522 
Figure 5. Flowchart of our application of CoProSTAM. 523 

4.2 Core iterative process  524 
The definition of activity diaries began with online surveys distributed to all Dimú 525 
members where they were asked about their weekly activities, time required to 526 
engage with them, places, and times of the day where and when they would typi-527 
cally undertake those activities, and their preferred mode(s) of travel to these. 528 
This was later followed up with a workshop where academic knowers prompted 529 
the Dimú group with questions to define an activity programme and described the 530 
flexibility levels of each. As explained before, given the low frequency of some 531 
activities identified by Dimú as essential for healthy living, activity diaries were 532 
defined for one week instead of one day. Members completed up to four diaries 533 
each.  534 
Three modes of travel were identified as relevant. First, in the area where the 535 
women in Dimú live, public transport services are mainly offered by chiveros – a 536 
popular transport mode consisting of four-passenger shared rides on a fixed route 537 
from the city periphery to the city centre. These services are offered by private 538 
providers who are often overseen by violent mafias and operate outside local gov-539 
ernment regulations. Buses provided by the local government are also available 540 
but are not frequently used as they are more expensive and less reliable than the 541 
chiveros. Taxis and ride hailing apps are available but only used for day-time gro-542 
cery shopping. Frequent use of this mode is prohibitively expensive for all other 543 
trips, but grocery shopping is the exception given the need for carrying multiple 544 
bags and other modes not offering a realistic option; turnstiles in buses, for exam-545 
ple, prevent women such as those in Dimú from boarding with their shopping 546 
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bags. Taxis and ride hailing options are not available after 18:00 because trips to 547 
the Corregimiento are not accepted by drivers after dark.2  548 
For the accessibility measure calculation, three factors relating to travel resistance 549 
variables were initially agreed (step 1) by the experiential, practitioner, and aca-550 
demic knowers: travel time, travel cost, and exposure to air pollution. These were 551 
arrived at based on conversations in an early workshop with all knowers, and sur-552 
vey answers from experiential knowers. Besides the intuitive monetary and tem-553 
poral costs of travel, from our surveys and first two workshops it was clear that 554 
environmental variables were of major interest to both experiential and practi-555 
tioner knowers. In the Medellin metropolitan area poor air quality alerts are an-556 
nounced at least twice a year. Moreover, brick kilns operate in the vicinity of the 557 
area where the Dimú women live, making air pollution a palpable threat. Air qual-558 
ity was also frequently referenced as an essential part of the environmental com-559 
ponent of healthy living.  560 
Using this information, academic knowers defined the details of the three varia-561 
bles (step 2). Travel time was defined as the estimated time in minutes taken to 562 
complete the trip chain from the fixed origin to the fixed destination via an activ-563 
ity opportunity, based on R function weight_streetnet {dodgr} (Padgham, 2019). 564 
This function was chosen as it uses OpenStreetMap networks which are widely 565 
available, allows for variable weights for different travel modes, and checks for 566 
transport network discontinuities, all of which are essential features for our pur-567 
poses. It is also possible to adjust travel times depending on traffic conditions us-568 
ing this package in combination with other data sources, but these were not in-569 
cluded in our analysis because traffic conditions vary little for walking and chiv-570 
eros as the most used transport modes. Travel time was assigned a weight of ß = 571 
0.66 based on data reported by Bocarejo and Oviedo (2012) for Lucero, a low-in-572 
come, high-density area in Bogota with low access to public transport. 573 
Travel cost was defined as the total cost of going from the fixed origin to the fixed 574 
destination via an activity opportunity, as a proportion of average daily income. 575 
Defining this cost as a proportion of income allowed concerns over the affordabil-576 
ity of trips for the Dimú women, all of whom were on (very) low incomes, to be 577 
considered in the analysis. Costs and income were all based on February 2020 578 
surveys and interviews with experiential and practitioner knowers. Costs for pub-579 
lic buses and chiveros were based on flat fares for trips to Itagüí’s city centre, taxi 580 
fares were estimated by experiential knowers based on typical costs and then nor-581 
malised by distance by academic knowers, and private vehicle costs were esti-582 
mated using information on fuel costs and consumption provided by practitioner 583 
knowers. The weight for travel costs was defined as ß = 11.7  on the basis of in-584 
formation for the Lucero area in Bocarejo and Oviedo (2012).   585 
The third factor, exposure to air pollution, was defined as the time-weighted expo-586 
sure to particulate matter of aerodynamic radius of 2.5 microns or less (PM2.5) re-587 
sulting from going from the fixed origin to the fixed destination via an activity 588 

 
 
 
2 Given the proximity to the Equator, sunset in Itagüí remains relatively stable throughout the year, taking 
place between 17:42 in November and at 18:21 in July.   
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opportunity. Ambient air pollution exposure levels were extracted from annual 589 
raster maps provided by practitioner knowers that were then adjusted for travel 590 
mode using the method discussed in de Nazelle et al. (2017). Given seasonal and 591 
weekly changes of air pollution, specific dates for analysis can be added and the 592 
annual map is adjusted to those dates and times of travel using a ratio based on air 593 
quality monitoring stations data. Without specific dates, seasonality effects won’t 594 
be captured, and annual maps are only corrected using annual average values for 595 
weekday/weekend and the time of day (more details on this in a forthcoming pa-596 
per). Since the travel time variable is defined in minutes, it is important to make it 597 
somewhat comparable to air pollution exposure in µg/m3. However, the question 598 
about how much air pollution is equivalent to a minute of travel remains unre-599 
solved in the academic literature (Anand & Hanson, 1997; Solberg & Gamlund, 600 
2016; Tsuchiya, 2000). In this case, we defined the ß for air pollution to be 0.006. 601 
This corresponds to saying that every minute spent in transport at the annual aver-602 
age concentration of PM2.5 in the Medellín metropolitan area is 0.1% more costly 603 
than if air pollution is entirely absent. This value was originally suggested by aca-604 
demic knower [family name first author] based on his knowledge of the local con-605 
text and local epidemiological data of life expectancy reductions due to air pollu-606 
tion.  607 
All definitions proposed by the academic knowers were then validated by experi-608 
ential and practitioner knowers through consultation in, respectively, a workshop 609 
and individual meetings. This resulted in the following accessibility measure:  610 

 611 
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 612 

[equation 3] 613 
 614 

Where j denotes every activity opportunity inside the n-th PPA, Ttj is travel time 615 
to access j in minutes, Tcj is monetary cost for accessing j as a fraction of monthly 616 
income, and Tpej is air pollution exposure of accessing j. Note that equation 3 is a 617 
simplified version of equation 2. As explained above, accessibility values will be 618 
the sum for entire activity diaries for the n PPAs possible either daily (Dacc) or 619 
weekly (Wkacc).  620 

4.3 Results and final products 621 
In our third workshop (see Figure 5) the group of knowers agreed on the details 622 
of the case study to be included in our results. It was collectively agreed to use the 623 
example of a 30-year-old woman, mother of two, who lives in the Corregimiento 624 
and who’s main source of income is the selling of home-made biscuits and cup-625 
cakes. The map in Figure 6 shows the location of her home, and the four nearest 626 
publicly funded childcare facilities. It also shows delivery locations of five clients 627 
who have contacted her through social media and that she needs to serve first dur-628 
ing the week. A target of minimum three clients per day and their general location 629 
was collectively set in the same workshop.   630 
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 631 
Figure 6. Home, clients, and childcare locations considered for the first day of the week. 632 
 633 
Fixed activities in this women’s day schedule follow a more or less uniform pat-634 
tern across weekdays. These start at home where she will make breakfast for her 635 
kids before having to drop them off at the childcare at 08:00. She then has some 636 
time before she needs to head back home and prepare lunch for her and other fam-637 
ily members (those in day-care will receive lunch there), before having to pick up 638 
the kids again at 16:00. Weekdays also have a set of flexible activities that include 639 
visiting the minimum of three clients per day, grocery shopping once in the week 640 
(food component of healthy living), and visiting a pharmacy to collect needed 641 
medication (healthcare component of healthy living). This combination of activi-642 
ties is summarized in Table 3. It is important here to highlight the various dimen-643 
sions of flexibility described before. First, flexible activities are introduced in or-644 
der of increasing engagement flexibility (less negotiable first) so that CoProS-645 
TAM looks for opportunities for these first. Also, every activity is allocated an 646 
‘available hours’ range according to their temporal flexibility. For commercial ac-647 
tivities this is equivalent to their opening hours, but it can also indicate hours at 648 
which family or friends are available for childcare or visits. Finally, the spatial 649 
flexibility will be defined by a list of locations where each activity can be under-650 
taken. This list can come from OSM data for various general services and land-651 
marks (e.g. grocery shops or churches), from a predefined list of possible loca-652 
tions offered by experiential knowers (e.g. approximate locations of clients, or 653 
friends and family), or a combination of both (when, for example, OSM data on 654 
grocery shops do not include locations highlighted by experiential knowers).   655 
 656 
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Weekends are more flexible, with Sundays having Church as the only fixed activ-657 
ity (essential activity for mental health component of healthy living), and flexible 658 
activities including visiting the fitness centre to exercise (physical activity compo-659 
nent of healthy living) and having ice cream with the family. Sunday activities are 660 
shown in Table 4.   661 
 662 

Table 3. Fixed and flexible weekday activities. 663 
Fixed activities 664 

Flexible activities 665 

 666 
Table 4. Fixed and flexible Sunday activities. 667 

Fixed activities 668 

Flexible activities 669 

 670 
Given budgetary and public transport restrictions, this woman will need to walk to 671 
all her destinations except for grocery shopping, for which she will take a taxi. 672 

 
Arrival time at location Activity duration Comments 

Home Start NA • Day begins at home 
Childcare  08:00 10 min • Drop-off 

Home 10:00 2.5 h • Prepare lunch for 
family 

Childcare 16:00 10 min • Pick-up 
Home End NA • Home with kids for 

homework 
 

Available hours Activity duration Comments 
Clients 8:00 - 16:00 15 min • A minimum goal of 

3 visits per day 
Grocery shopping 8:00 - 16:00 1 h •    Multiple loca-

tions, only once, 
will need to use a 

taxi – healthy food 
component of 
healthy living 

Pharmacy 7:00 – 17:00 15 min • No specific loca-
tion and lowest 
level of priority. 

Common location 
for basic 

healthcare ser-
vices  

 
Arrival time at location Activity duration Comments 

Home Start NA • Day begins at home 
Church  18:00 1 h • Going to Church is 

an essential com-
ponent for mental 

health 
Home End NA • Day ends at home 

 
Available hours Activity duration Comments 

Fitness centre 08:00 – 18:00 1 h • Physical activity 
component of 
healthy living 

Ice cream  08:00 – 18:00 1 h • Leisure time with 
family 
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For weekdays, the option to serve a client, go grocery shopping, or visit the phar-673 
macy, will depend on the opportunity set defined by the time available between 674 
two fixed activities and their locations. This is shown in Figure 7. For example, if 675 
we are evaluating if she has time to visit a client (and engage for 15 minutes in 676 
this activity) between leaving the childcare drop-off at 08:10 and being at home to 677 
prepare lunch at 10:00, we can define the areas that can be served from the child-678 
care facilities (shaded red in Figure 7), and from the home location (shaded blue); 679 
only clients at the intersection of both areas can actually be served. This intersec-680 
tion is the first PPA (n =1) that in this example has two opportunities for clients (j 681 
= 2 for the first pair of fixed activities).  682 
 683 

 684 
Figure 7. An example of opportunity sets for home and one childcare location. Only the two cli-685 
ents within the intersection of both blue and red areas will be real opportunities for the time availa-686 
ble between the two fixed locations. 687 
 688 
Using CoProSTAM, we can evaluate how the accessibility measure and the 689 
woman’s ability to complete her flexible activities change depending on the child-690 
care facility she uses. The results for the first weekday (Dacc) are shown in Table 691 
5. Note how the childcare location has an important impact on what the model 692 
suggests are viable activity profiles for that day. If the woman in our example 693 
uses the Pedregal childcare facility, she will be able to visit three clients (mini-694 
mum daily target) and dedicate time to grocery shopping, all before 16:00 when 695 
she picks her kids up again. On the other hand, she can only visit two clients, if 696 
she must use Pequeños genios, or no clients if she must use Huellas creativas. 697 
 698 
Table 5. Accessibility and activity diary results (Dacc) for the first weekday for 699 
different childcare facilities in Itagüí.  700 
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 701 
Table 5 shows how the daily accessibility (Dacc) decreases (from 2.27 to 0.00) as 702 
the childcare location is farther away from home. An accessibility of 0.00 means 703 
that none of the flexible activities can be undertaken due to the temporal and spa-704 
tial restrictions set by the fixed activities. As expected, accessibility results are in-705 
fluenced by the number of opportunities available. Given the proximity of Pedre-706 
gal childcare to the woman’s home location, more grocery shop locations are 707 
available than when she uses Cerro luces, resulting in higher accessibility values 708 
despite a similar activity diary. Note that due to the nature of our accessibility 709 
measure, these accessibility values are to be interpreted in comparative terms with 710 
a greater number representing greater accessibility. This number is non-dimen-711 
sional and the value on its own does not have an obvious equivalent in the real 712 
world, such as the number of potential destinations that can be accessed, or the 713 
amount of time that can be spent there.  714 
The location of the childcare facilities relative to the woman’s home creates rip-715 
pling effects for the rest of the day and beyond. Only with the first two locations 716 
can the woman meet the target of serving three clients and complete the grocery 717 
shopping. For the other two locations, she will have to postpone grocery shopping 718 
to later in the week (i.e., the weekend as she will face similar constraints on every 719 
weekday), which will reduce opportunities for the remaining flexible activities. 720 
To illustrate the interactions between different days in a week, Table 6 shows the 721 
accessibility and activity diary results for two weekdays and a Sunday when using 722 
the Pedregal facility.  723 
 724 

Table 6. Accessibility and activity diary results for two weekdays and a Sunday when using 725 
Pedregal CDI 726 

  Weekday 1 Weekday 2 Sunday 

Childcare used 
(from closest to 

home to furthest) 
Pedregal Cerro luces Pequeños genios Huellas creativas 

Accessibility 
measure result 

(Dacc) 
2.27 1.61 0.93 0.00 

Clients visited 3 3 2 0 
Grocery shopping Yes Yes No No 

Activity Diary 

Place Arrival time Place Arrival time Place 
Arri-
val 

time 
Place Arrival 

time 

Home NA Home NA Home NA Home NA 
CDI 1 08:00 CDI 1 08:00 CDI 1 08:00 CDI 1 08:00 
client 1 

 08:31 client 1 
 08:28 client 1 

 08:28 Home 10:00 

client 2 09:38 Home 10:00 Home 10:00 CDI 1 16:00 

Home 10:00 client 2 
 12:58 client 2 

 12:58   

client 3 
 13:11 client 3 14:00 CDI 1 16:00   

Shop 14:10 Shop 14:40     
CDI 1 16:00 CDI 1 16:00     
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Accessibility measure result 
Dacc 2.27 17.67 3.1 

𝑊!""<  Total for three days = 23.04 
Total flexible activities (in-

cluding clients)  4 4 2 

Clients visited  3 3 0 

Activity Diary 

Place Arrival 
time Place Arrival 

time Place Arrival 
time 

Home NA Home NA Home NA 
CDI 

Pedregal 08:00 CDI 
Pedregal 08:00 

Fitness 
centre 10:15 

client 1 08:31 client 4 08:28 Ice cream 12:36 

client 2 09:38 Home 10:00 Church 18:00 

Home 10:00 client 5 12:53 Home 19:35 

client 3 13:11 Pharmacy 13:35 
  

Grocery 
shop 14:10 client 6 14:27 

  

CDI 
Pedregal 16:00 CDI 

Pedregal 16:00 
  

Home 17:00 Home 17:00     

 727 
Note how the inclusion of the pharmacy makes a big difference to the accessibil-728 
ity level. This is due to several opportunities being available at the time of en-729 
gagement, and a larger opportunity space than the one for grocery shopping be-730 
cause of shorter activity duration. Note also that because the woman can meet her 731 
target of a minimum of three clients per day, she can undertake the remaining 732 
flexible activities on Sunday. This would not have been feasible if she had to use 733 
other childcare facilities (i.e., Pequeños genios and Huellas creativas) as these 734 
would not allow her to complete the minimum number of three clients served on 735 
the first weekday and her Sunday would begin by trying to serve previously un-736 
served clients first.  737 

5 Discussion  738 

The co-production elements within CoProSTAM create at least two advantages 739 
over traditional approaches to space-time accessibility analysis. They have made 740 
possible, firstly, new understandings of the level and nature of accessibility in the 741 
context of a very low-income area in Latin America. They have also, and sec-742 
ondly, offered new ways of dealing with some of the epistemic injustices embed-743 
ded in the way transport models are conceived, developed, and used. In a way, the 744 
former results from the latter, given that it was through our attempt to reduce epis-745 
temic justices that we found novel opportunities to contribute to the accessibility 746 
literature.  747 
The first contribution of our work comes from the understanding of the nature of 748 
activities and their interdependence. As mentioned before, academic knowers 749 
prompted experiential knowers with questions about their access to healthy living. 750 
However, the definition of healthy living came directly from the experiential 751 
knowers who emphasized four general topics: mental health, health services, 752 
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green spaces and leisure, and home and food. This broad, epistemically just defi-753 
nition meant that we considered activity types that are not typically included in 754 
accessibility models for health (Cuervo et al., 2024; Hernández & Rossel, 2024) 755 
such as grocery shopping, having ice cream with the family and similar leisure ac-756 
tivities, or going to church. It also pushed the conceptualization of our STAM be-757 
yond the timeframe of the day as most of the activities associated to these compo-758 
nents had lower frequencies. Our results emphasize the relational nature of seem-759 
ingly distinct or independent activities that other authors have highlighted (Her-760 
nández & Rossel, 2024; Schwanen & de Jong, 2008), in this case by showing how 761 
childcare location affected opportunities for a wide definition of healthy living. 762 
Although here we have assumed that childcare centres offer an equivalent quality 763 
of service, future work could include discussions on these differences as other au-764 
thors have done (Hernandez & Rossel, 2015).  765 
The second contribution, which also results from the co-production elements in 766 
our work, relates to the nature and levels of activity flexibility. Early in the core 767 
iterative process, it became evident that the key fixed activity for Dimú members 768 
was not paid work, but the opening times of childcare centres are. Later it became 769 
also clear that a binary division of activities as fixed and flexible was inadequate. 770 
One of our workshops and early conceptualizations of the accessibility analysis 771 
algorithm by [initials omitted for peer review] still assumed a straightforward dis-772 
tinction of activities into fixed and flexible, but the Dimú members quickly high-773 
lighted that many activities were neither entirely fixed nor entirely flexible. It was 774 
tempting to keep simplifying the model by forcing activities into the fixed versus 775 
flexible categories, but this would have amounted to wilful hermeneutical igno-776 
rance (Pohlhaus, 2017). We therefore expanded the definition of flexibility in the 777 
model by defining three variables of flexibility, namely temporal, spatial, and pri-778 
ority of engagement (Figure 4). This meant creating in the model new inputs 779 
from Dimú members associated to possible engagement times, bespoke lists of 780 
available places, and prioritisation for every flexible activity.  781 
Contributions from experiential knowers were also essential in the definition of 782 
transport modes and restrictions in time and space. Accessibility measures typi-783 
cally use existing databases for the identification of transport modes (Costa et al., 784 
2021; Xia et al., 2018). Applications such as Google Maps are increasingly used 785 
to make modelling tools easy to apply in multiple geographical contexts, but this 786 
systematically excludes popular transport alternatives – in our case the chiveros – 787 
despite their widespread use around the world. Although we have not mapped and 788 
fully digitalised these systems as others have done (Klopp & Cavoli, 2019; 789 
Williams et al., 2015) we have followed an approach in which experiential 790 
knowledge shared verbally is recognised as legitimate and sufficient to be incor-791 
porated into the model. The use of experiential knowledge also allowed additional 792 
constraints relating to the inconvenience of public transport buses for certain trips, 793 
and the unavailability of ride hailing and taxis due to drivers’ reluctance from 794 
drivers to take trips to certain areas after sunset. All these restrictions and possi-795 
bilities for travel were constantly mentioned by experiential knowers, and yet are 796 
systematically excluded from most accessibility models. These methods can also 797 
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be extended to include the use of footpaths as these not necessarily follow the 798 
strict hierarchies defined in digital databases (Loor & Evans, 2021).   799 
Importantly, the main objective of CoProSTAM is not to evaluate accessibility 800 
levels with greater precision or accuracy, but to offer a transdisciplinary approach 801 
to accessibility modelling in which the legitimate concerns of experiential and 802 
practitioner knowers are incorporated. If the objective had been to find the ‘cor-803 
rect’ representation of accessibility, pragmatism would not have been selected as 804 
a guiding principle and a more advanced STAM approach than Kim and Kwan’s 805 
(2003) would have been used as a starting point. CoProSTAM is an effort to com-806 
bine different knowledges and experiences of mobility in a manner that reduces 807 
epistemic injustices. In so doing, it draws attention to daily restrictions that curtail 808 
the access of women with very low incomes to the goods and services cities have 809 
to offer. 810 
Methodologically, the formulation of, and continuous commitment to, three guid-811 
ing principles for inclusive participation (plurality, continuity, and legitimacy of 812 
voice) helped address some of the ways epistemic injustices play out in traditional 813 
research practices. For example, the continuity of voice principle was essential in 814 
the recognition of the epistemic labour required from both experiential and practi-815 
tioner knowers involved in the development process. As a method, participatory 816 
accessibility analysis places significant demands on the knowers involved. The 817 
experiential and practitioner knowers worked hard during the workshops and 818 
other activities, engaging with ideas, concepts and procedures they had not heard 819 
of before participating in the research project. In a similar vein, the academics’ ef-820 
forts to facilitate the incorporation of a plurality of voices from low-income 821 
women carers, such as financial awards for time spent in our activities and the 822 
provision of childcare during the workshops, helped to make the participatory 823 
knowledge production more amenable to the inclusion and legitimisation of a 824 
wide variety of plural voices.  825 
In future work, CoProSTAM can be expanded and replicated in various ways and 826 
contexts, and we hope this paper inspires other researchers to experiment with 827 
ways in which epistemic injustices can be reduced in accessibility modelling prac-828 
tices. Section 3 has outlined a general approach to co-produce STAM analysis in 829 
an effort to lay the foundations for future work that will likely improve on ours. 830 
The code used to model the application in section 4 is available in a GitHub re-831 
pository [link omitted for peer review] for other researchers and practitioners. 832 
Nevertheless, it is important to recognise that the modelling presented here still 833 
implies an abstraction and simplification of the realities faced by the women from 834 
Dimú. For instance, by focusing on the trips of one individual, CoProSTAM does 835 
not consider how people’s space-time accessibility is dependent on that of family 836 
members and friends (Nansen et al., 2015; Schwanen & de Jong, 2008), or on so-837 
cial attitudes towards specific transport modes, including the social status that is 838 
frequently accorded  to private vehicles (Ellaway et al., 2003; Li et al., 2018; 839 
Lovejoy & Handy, 2011). The importance of these aspects will likely vary be-840 
tween communities and places and will represent important limitations to the ap-841 
plicability of CoProSTAM as introduced in this paper.  842 
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Because of its focus on epistemic justice in research with a specific group of peo-843 
ple who are affected by intersecting gender, class and locational disadvantages, 844 
CoProSTAM demands the use of a greater range and diversity of data and inputs 845 
than other forms of (space-time) accessibility analysis. One consequence of this is 846 
that CoProSTAM is difficult to scale to larger populations, such as all residents of 847 
Itagüí or the Medellin metropolitan area. If scalability is desired, then techniques 848 
or algorithms for generalisation will have to be developed. This can be done, for 849 
instance, by repeating the current version of CoProSTAM with different groups 850 
and/or in different neighbourhoods in the city, and use recurrent findings, insights 851 
and procedures across applications to develop a simplified and generalised Co-852 
ProSTAM. While such generalisation may be desirable from a planning perspec-853 
tive, we also urge caution with this course of action because it reduces the level of 854 
epistemic justice that the analysis may be able to offer. In other words, there ap-855 
pears to be trade-off between generalisability and ensuring epistemic justice, and 856 
prioritising generalisability is not always desirable. Future research will have to 857 
consider how approaches like CoProSTAM can be scaled, and what the implica-858 
tions of scaling are for epistemic justice. 859 
     860 

6 Conclusions 861 

In this paper we have shown how CoProSTAM can offer new tools to model ac-862 
cessibility in ways that are epistemically more just and contribute in novel ways 863 
to transdisciplinary transport knowledge production. We illustrate how CoProS-864 
TAM allows for temporal and spatial restrictions and conceptions that highlight 865 
how everyday mobility and access are the result of a complex process of negotia-866 
tions, variations in the flexibility levels of activities, and the interaction of finan-867 
cial, personal safety, and even environmental concerns.  868 
The well-known modeller mantra that ‘everything should be as simple as possible 869 
but not any simpler’ (attributed to A. Einstein by Sessions, 1950) obtains a new 870 
complexion when a transdisciplinary STAM is developed: what ‘not any simpler’ 871 
means, shifts when experiential and practitioner knowers become active partners 872 
in the modelling process. Heeding their critically important insights, experiences 873 
and perspectives shows that the parameters of simplicity cannot be set by academ-874 
ics alone. Better accessibility measures require attending to epistemic injustices at 875 
least as much as improvements in data and geo-computation. 876 
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