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ABSTRACT

Frequent disruptions like highway constructions are common now-
a-days, often impacting environmental justice communities (com-
munities with low socio-economic status with disproportionately
high and adverse human health and environmental effects) that live
nearby. Based on our interactions via focus groups with the mem-
bers of four environmental justice communities impacted by a major
highway construction, a common concern is a sense of uncertainty
about project activities and loss of social connectedness, leading
to increased stress, depression, anxiety and diminished wellbeing.
This paper addresses this concern by developing a localized social
media system called PureConnect with a goal to raise the level
of awareness about the project and increase social connectedness
among the community members. PureConnect has been designed
using active engagement with four environmental justice communi-
ties affected by a major highway construction. It has been deployed
in the real world among the members of the four environmental
justice communities, and a detailed analysis of the data collected
from this deployment as well as surveys show that PureConnect
is potentially useful in improving community members’ wellbeing
and the members appreciate the functionalities it provides.
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1 INTRODUCTION

A major construction in North Denver, Colorado, USA took place
from 2019 to 2022 to reconstruct a 10-mile stretch of the interstate
highway (C70 project). The benefits, as stated on the project website
are to increase safety, improve infrastructure, increase economic
vitality, and many more [8]. However, this construction also caused
increased noise and air pollution in the vicinity as well as increased
stress in the communities living in the vicinity. The overall goal
of our Social Justice and Environmental Quality - Denver (SJEQ)
project (https://www.sjeqdenver.com/) is to partner with the members
of the communities living the vicinity of C70 project (Globeville,
Elyria-Swansea, Cole, and Clayton neighborhoods) to understand
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and address the disruptions caused and related neighborhood re-
development. These four communities are Environmental Justice
Communities (EJC)—low socio-economic status with disproportion-
ately high and adverse human health and environmental effects
[5]. The goal of SJEQ project is to first understand the negative im-
pact of C70 on the health and well-being of these communities and
then develop interventions to mitigate the negative impacts. Our
project equipped and trained community members to use personal
environmental sensors to monitor air pollution, and designed a set
of apps where they can report their daily experiences related to
construction and pollution.

To learn firsthand the community’s local knowledge and con-
cerns regarding the C70 project, we organized three focus groups
in the Summer of 2021 with the residents of the four communities
to discuss the topics of C70 construction and community concerns.
Overall, 32 residents from these communities participated in our fo-
cus groups which included both English and Spanish speakers. We
obtained approval from IRB before conducting these focus groups.
In addition, we have developed a smartphone app called PurEmo-
tion to understand the impact of the C70 construction project on
people’s well-being (See https://www.sjeqdenver.com/ and Section
3 for more information on PurEmotion).

A major issue that we identified from the three focus groups (32
participants) and two deployments of PurEmotion (80-85 partici-
pants per deployment) was getting unclear and often misleading
information about the construction. Of the residents who had the in-
formation, they had heard about the project updates through flyers
left on their fences by the city and word-of-mouth from friends and
family. Furthermore, due to frequent road closures and air/noise
pollution, there was a feeling of loss of social connectedness in the
community. Participants mentioned that they would like to have
better distribution of information about road closures and alerts.
They also requested resources and activities to help them manage
their stress caused by a sense of loss of social connectedness.

In this paper, we describe the design, implementation and evalua-
tion of a localized social media service called PureConnect. The goal
of PureConnect is to increase awareness about the construction
activities and improve social connectedness among the community
members. PureConnect has been implemented as a slack workspace
(https://www.slack.com) with several channels that community
members may use to converse with other community members. We
aim to answer the following research questions:

(1) What can we learn about environmental justice communities’
behavior while using a localized social media service?

(2) To what extent do the proposed intervention mechanism
help in enhancing the well-being of environmental justice
communities who live in the affected areas?

PureConnect has been implemented as a Slack workspace that
allows community members to connect with one another under
our team’s supervision. In addition, relevant information about
the construction project is posted by relevant authorities on this
workspace. We deployed PureConnect in the four environmental
justice communities over two different time periods (called cohorts),
each lasting six to eight weeks. These deployments of PureConnect
was done in conjunction with the deployment of the PurEmotion
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app. Overall, sixty-nine community members used PureConnect
along with the PurEmotion app in these two cohorts.

Feedback from the participants was overall positive, especially
in the second cohort. In the first cohort, we have dedicated multiple
channels for participants to communicate. However this caused
confusion among the participants in deciding which channel is the
right channel for the message they plan to post. Therefore, in the
second cohort, we reduced the number of channels, resulting in
better outcome. PureConnect includes use of different Slack Apps
(Apps that run within Slack such as an auto-translator) to assist in
managing the workspace, integration of third party APIs to provide
relevant value to our users and multiple engagement tactics to see
what would trigger community member’s engagement. Feedback
from the participants after using PureConnect was quite positive
and evaluation from the data collected from the deployment (Pure-
Connect and PurEmotion) shows that there was an improvement in
the well-being of people when they used PureConnect. In particular,
this paper makes the following important contributions:

(1) PureConnect has been built and experimented with using
active engagement with the environmental justice commu-
nities affected by a major construction.

(2) Multiple investigations in terms of real-world deployment
and surveys show that environmental justice community
users appreciate PureConnect functionalities and this service
is potentially useful in improving their well-being.

2 LITERATURE REVIEW

Social ties and connection among community members are so im-
portant in times of hardship, for instance, to stand in the face of
communities threats like crime and disasters [31], or against large
construction projects that would affect the nearby areas [15]. An
important characteristic of a strong community is its social capital,
which is the combined value of social structure and engagement
of community members [3, 9, 20]. High social capital can benefit
communities during these hard times [22] and it has been proven
to enhance community members’ attachment [30], mental health
[13, 28], empowerment [14] and trust [28]. This is especially impor-
tant in the US where civic engagement is becoming weaker [25],
and in places close to industrial and transportation areas that are
subject to large construction projects that cause gentrification of
low socio-economic people.

Gentrification consists of combined steps of decisions and actions
by higher-income people in areas where lower-income people live
that would cause them to be displaced by force from their residence
[1, 4, 19, 32]. Another type of gentrification could be voluntarily
done by some members of the community due to some changes
in the structural and cultural aspects of their community [11] due
to the consequences caused by large projects. A big factor in such
actions that none can overlook is race [11], especially in a country
with a long history of racial issues [2, 18].

All of this, and the decrease in social relations has increased the
interest of HCI researchers to study community connectedness and
how can it stand in the face of such disruptions [11, 21, 22]. One of
the major topics that have gained a lot of focus is social media and
its role in either strengthening social capital [22] or being against
it [11]. In general, social media has been found to enhance social
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capital [26] through the different ways that its users engage, like
sharing photos, posts, and comments [6].

When users of these systems are geographically close, these
systems are called hyper-local [21], or community-focused social
media [22]. These local systems have a history of development
in different forms such as bulletin boards [10], forums [12, 27],
email lists [7, 17], and later social networks for neighborhoods, like
Nextdoor.com, online conversation communities, and marketplaces
[21]. Previous research has shown that these hyper-local systems
contribute to helping communities in enhancing their social capital
and connectedness [23]. A very relevant example of the benefit
of such systems in strengthening communities is when Toronto
residents rallied and took action against a construction company
that built their homes using internet-based tech [3].

A well-known current local social media system that connects
people who live in the same neighborhood together is Nextdoor.com
[22]. The system requires its users to use their real names as it is
aligned with their goal “to create a safe, trusted environment where
neighbors can connect with each other” The system assigns a "lead"
role to people who join a neighborhood first. These leads are giv-
ing permission to verify other joiners, moderate posts and adjust
neighborhood boundaries. In order to allow new people to join a
community, Nextdoor verifies them using physical mail addresses,
or using their credit card information. In a semi-structured inter-
views study by [22] on Nextdoor’s users, they have found that many
of the users already know each other before and they have chosen
to join the system despite already using other social media apps
[22] which show the need of such systems. Many reasons were
described such as the level of granularity that it had for each com-
munity, its affordance for conversations that its user’s interface had
[22]. However, they have noticed that most people use nextdoor for
business instead of social communication, some users’s described
the fixed split between neighbourhoods as limiting and not conve-
nient in some cases, and that people were concerned about their
privacy of data.

Despite the huge benefit of local social media systems on com-
munities, there are some arguments that such systems can have
negative impacts of neighborhoods, such as gentrification [11]. Cor-
bet and Loukissas [11] studied how systems like Yelp, Nextdoor, and
Zillow can mediate the process of gentrification. After analyzing
the work of Sharon Zukin [33] on the reviews of restaurants in New
York in two neighborhoods, an African American and a Polish neigh-
borhood on Yelp, Corbet and Loukissas [11] noted that some reviews
mentioned the surrounding neighborhood and praised the gentri-
fication process that is going on when talking about the African
American restaurants, unlike the polish neighborhood where re-
views were against gentrification. And since gentrification is a
cooperative, and collective process, such reviews support or stand
in the face of gentrification. Another system that was analyzed and
claimed to mediate the process of gentrification is Nextdoor [11].
The system segregates neighborhoods into "Polygons” [24] and
allows each user to be part of one neighborhood. These boundaries
can produce some social effects like spacial-economic fragmen-
tation which re-inforces "existing class and racial boundaries in
increasingly divided cities, drawing lines between ‘us’ and ‘them’
and amplifying the voices of neighbors who want to use the site to
profile people they consider outsiders, even those who may have
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lived the area for generations” [24]. Eventually, this results in gentri-
fication [11]. In the mentioned systems’ support for gentrification,
it is important to notice that the negative effects are caused by
outsiders to each community, not by people within. In fact, the
majority of the interactions and communications that took place
within the community members were positive to them.

On top of their relative low-technical background, and varying
ages, being a member in Environmental Justice (EJ) communities
and undergoing continuous disruptions from construction projects
gives its members specific traits such as mis-trust and loneliness.
Although many researchers have investigated the impacts of de-
ploying local social media systems [3, 6, 11, 22, 23, 26], none of
them examined deploying those systems among EJ communities in
particular.

3 STUDY DESIGN

3.1 Pre and Post intervention

PureConnect is part of a larger project (SJEQ-Denver project) that
was started in January 2022. The overall goal of SJEQ-Denver is
to understand and mitigate the negative impacts of the C70 con-
struction project on people’s well-being. This project is structured
over two phases, pre-intervention and post-intervention phases.
The goal of the pre-intervention phase is to understand the impact
of C70 construction on the health and wellbeing of the community
members. This phase was comprised of deployment of the PurEmo-
tion app over two different time periods of six-eight weeks called
Cohort 1 and Cohort 2 (January to July 2022) to collect wellbeing,
location and air quality information from participants. PurEmotion
is a smartphone diary app that community members use once a
day to answer a few survey questions about their current feelings,
their perceptions about the air quality around them and recent
experience about their daily commutes.

Based on our findings from Cohort 1 and 2, we introduced three
interventions: (1) PureConnect service to increase awareness about
the construction project and improve social connectednesss, (2) in-
door air cleaners to improve the indoor air quality, and (3) PureNav
service to help community members navigate easier [16]. All these
interventions were deployed together over two different time peri-
ods (Cohort 3 and Cohort 4) of six-eight weeks each. PurEmotion
was deployed in these cohorts as well to assess the effectiveness
of these interventions. Details of PureNav design, implementation
and evaluation are described in [16], while information about the
air cleaners is available at https://www.sjeqdenver.com/. This paper
focuses on PureConnect.

3.2 PureConnect

3.2.1 System Design. To address the problems of a sense of uncer-
tainty about the project activities and loss of social connectedness
caused by the construction activities, we have designed and evalu-
ated a loaclized social media service called PureConnect (See Figure
1). Our initial set of requirements for this service are to include the
following functionalities:
o A Q/A interface to answer community members’ common
questions about the construction project.
e A way for the community members to be able to express
their concerns about the issues that they encounter.
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Figure 1: The main screens of Pureconnect app

e A forum to allow community members to discuss relevant
community issues related to the C70 project.

After analyzing the requirements of this service we decided to
use a Slack workspace (www.slack.com) and build these individual
Slack apps to provide the required functionalities.

After deciding on Slack we needed to design the workspace to
be aligned with our requirements. In the first version which we
deployed in Cohort 3, we created the following slack channels:

#welcome: on-boarding and usage instructions.

#ask: chat-bot to answer questions about the construction.

#express: express concerns about the project.

#suggest: suggest ideas to help mitigate issues.

#connect: allow community members to communicate with

each other however they want.

#air: periodic neighborhood air quality information.

o #info: periodic information about the current activities and
status of the construction project.

o #researchers: a private channel for researchers to discuss
any issues.

o #ask_research: a private channel for admins to discuss any

issues.

Since a large number of community members are Spanish speak-
ers, we integrated a Slack app called Translate (https://apps.mt-
hacks.com/translate/). Translate is a third-party application that
allows language detection and translation. The app is installed on
the PureConnect workspace and configurable by interacting with
the application under the app’s section. The current configuration
enables detection and translation for the primary languages that
are English and Spanish.

3.2.2 Dialogflow Chatbot Integration. The #ask channel was in-
tegrated with Google’s Dialogflow. Dialogflow is "a natural lan-
guage understanding platform from Google that helps developers

to design conversational interfaces and integrate them into their
applications." [29]. We compiled a set of commonly asked questions
about the C70 construction project from C70 website [8] as well as
the questions we heard from the community members in the three
focus groups and the two phases of deployment of PurEmotion
app (Pre-intervention study in Cohorts 1 and 2). Dialogflow allows
a chatbot developer to define a set of intents which is "the verb
or action that is part of the conversation with the user" [29]. For
instance "what is your name?", "what’s your name?" have the same
intent. We defined the following intents:

How can I report road closures?

How can we communicate our concerns?

How is it impacting the air quality?

How will environmental concerns be addressed?

How will the construction project help the community?
How would the research project help?

I want to know more about the construction project.
What can I do to be safe from air pollution?

What is the status of the construction?

What roads will be closed due to the construction project?
Which neighborhoods are affected by this?

Who is involved in the construction?

3.2.3 COTrip API Integration. The #info channel was linked to a
cloud function that calls an API from the Colorado Department of
Transportation (https://www.codot.gov/) that provides information
about planned construction events. The API is part of a set of APIs
provided by (cotrip.org) which provides periodic updates about
road activities that happen in the State of Colorado. To run the
function on a schedule, we developed an AWS Lambda function
that runs each day at 9:00 AM and calls the Planned Events API.
The API does not support the filtering of data so we filtered the
data after receiving all the data points from the API (max 1000) data
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points. The filtering function takes into account the latitude and
longitude of each reported event and filters out any points that are
farther than 10 km from the middle point of the four communities
of interest. The function only reports the events that occur on the
day of reporting.

4 EVALUATION

PureConnect Version 1 was deployed among 14 users in Cohort 3
(October - December 2022) and Version 2 (with reduced number of
channels) was deployed among 55 users in Cohort 4 (March - April
2023). To evaluate the efficacy of PureConnect, we analyze three
aspects of data collected from the two deployments, level of user
interactions via PureConnect, sentiments of the messages posted
by users in PureConnect, and emotions of the PureConnect users.

4.1 Users Interactions

There are two types of user interactions in PureConnect: Messages
posted by the users and Reactions provided by the users on posted
comments. A reaction on Slack is when a user taps on a message
and adds an emoji reaction. Overall, the number of interactions
in Cohort 3 were about one fifth the number of interactions in
the Cohort 4. This is partly because of the lower number of users
in Cohort 3. However, the average number interactions per user
increased from 9.5 (Cohort 3) to 11.25 (Cohort 4). We attribute this
increase in higher user interactions as well as our ability to recruit
more user in Cohort 4 to increased awareness of PureConnect over
time, which indicates that the users find PuerConnect useful. Not all
of the participants were active throughout study, however, almost
10% of them were highly active interacting more than 30 times over
the two months of deployment period, which is a common usage
pattern in interactive social media services.

We also note that user interaction was mainly done using reac-
tions in Cohort 3 (6.71 reactions/user vs 2.78 messages/user), while
in Cohort 4, user interaction was mainly done by posting messages
(4.74 reaction/user vs 6.5 message/user). Recognizing that posting
a message takes much more effort than reacting, this shows that
users found the second version of PureConnect (reduced number
of channels) much more useful and engaging.

Table 1: The top reactions used

Reaction count

241

19

L 4 15
I_I 15
< 10

9

Q.O 9
. 8

‘._:‘ 6

< 5
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Table 2: Average number of interactions per message for each
channel

channels Avg Interaction / user
Cohort3  Cohort 4

air 1.71 4.5
connect 2.8 4.5
ask 3.33 3.03
express  1.19 N/A
info 0.48 N/A
suggest  0.62 N/A

Table 1 provides the details of the type of reaction users re-
sponded with. We see that the top emoji used is (Thumbs-up).
Further, we notice that most of the reactions were positive reac-
tions and very few reactions were negative. This indicates that
users generally felt positive while using the PureConnect service.
Finally, Table 2 shows the average number of interactions per user
in each channel in the two cohorts. Note that the PureConnect
version used in Cohort 4 had fewer channels compared to the num-
ber of channels in the first version used in Cohort 3. We can see
that in Cohort 3, #ask channel had the most average number of
interactions per user. However, in Cohort 4, when we reduced the
number of channels, the average number of interactions per user
in the #air and #connect channels increased significantly, while the
average number interactions per user in the #ask channel remained
about the same. Combining this with our earlier observation that
the average number of interactions per user increased from Cohort
3 to Cohort 4, we can say that reducing the number of channels
had a positive effect, possibly because people were less confused
by which channel to post in.

4.2 PureConnect and Feelings Correlation

As mentioned earlierin Section 3.1, PureConnect users used PurE-
motion app as well in which they answered a few survey questions
at least once every day about their current feelings, their percep-
tions about the air quality around them and recent experience
about their daily commute. One of the question in PurEmption app
prompts users to give a score on the following feelings from 1 to 5:
Happy, Distressed, Irritable, Alert/Awake, Lonely. We analyzed cor-
relation between the frequency of usage of PureConnect by users
(number of user interactions—messages or reactions) with their
feelings. Conducting Kendall’s correlation analysis gave medium
correlation values as seen in Table 3. We see that PureConnect
usage is positively correlated with positive feelings and negatively
correlated with negative feelings. To dig deeper we combined the
low, medium and high levels of each feelings (low: 1 or 2; medium: 3;
high: 4 or 5) and calculated the average number of interactions. We
found that the average number of interactions was higher for users
who have higher positive feelings (Happy). Similarly, and the aver-
age number of interactions was lower for users who have higher
negative feelings (Distressed, Irritable, Lonely). For Alert/Awake,
the pattern was not that clear. Conducting the ANOVA test for
all feelings among the three level averages gave p value < 0.0001,
which shows that there is a significant difference among them.
Overall, this analysis shows that the usage of PureConnect helps
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the emotional state of the users positively. Note that this is based
on correlation and causation.

Table 3: Kendall Correlation values for different feelings
with Number of submitted interactions in PureConnect

Feeling Correlation with #Interactions
Happy 0.199
Distressed -0.233
Irritable -0.223
Alert/Awake 0.140
Lonely -0.200

5 INTERVENTION QUESTIONNAIRE SURVEY

To further evaluate the usefulness of PureConnect, we conducted
a survey among all PureConnect users at the end of each of the
cohorts (Cohort 3 and Cohort 4). This survey included the following
general questions:

(1) How helpful do you find PureConnect? (1 Not helpful at all,
10 Extremely helpful)

(2) How easy do you find it to use PureConnect? (1 Not easy at
all, 10 Extremely easy)

(3) What did you like about PureConnect? (open ended)

(4) What did you dislike about PureConnect? (Open ended)

(5) Will you continue using the app after the study period? (Yes,
No)

(6) How likely are you to recommend PureConnect to others?
(1 Not at all - 10 Extremely)

(7) Do you have any suggestions or comments for future releases
of PureConnect?

In total we received 40 responses from the two cohorts, which
is about 58% of the total PureConnect users. We provided a com-
pensation of $5 to the users for completing the surveys. Overall,
users reported mixed feedback on helpfulness in Cohort 3. Users
liked being connected to others and receiving air quality and odor
information. However, they reported problems with usage and
lack of in-depth interactions with others. In Cohort 4, helpfulness
increased by 34% (from -0.1 to 0.2). This indicates that people ap-
preciated having fewer chat channels, and more responsiveness to
their messages. Average easiness slightly increase in Cohort 4 (0.53
to 0.63) after reducing the number of channels and providing more
instructions regarding the purpose of PureConnect.

To learn how valuable PureConnect is compared to other social
media apps, we asked the following questions:

o With regard to C70 Construction, what other social media
apps have you used to connect with your community and dis-
cuss shared issues? (Nextdoor, Twitter, Facebook, Instagram,
Reddit, Other)

e Compared to other social media apps that you have used,
how valuable is PureConnect in increasing your aware-
ness about C70? (1 Not valuable at all - 10 Extremely valuable

)

Omar Hammad, et al.

e Compared to other social media apps that you have used,
how valuable is PureConnect is making you feel con-
nected with other community members? (1 Not valuable at
all - 10 Extremely valuable )

e Compared to other social media apps that you have used,
how valuable is PureConnect in making you feel listened
to regarding C70? (1 Not valuable at all - 10 Extremely valu-
able )

Survey responses show that compared to other social media apps,
users found PureConnect valuable in increasing their awareness
about construction project activities (Avg 0.6 on a -1 to 1 scale),
making them feel connected (Avg 0.4) and making them feel lis-
tened to (Avg 0.2). Overall, we can conclude from these results
that PureConnect does help with increasing awareness about the
construction activities and improving social connectedness among
the community members, which was the goal of PureConnect.

6 DISCUSSION

The goal of developing PureConnect was to contribute in mitigating
the negative impacts of the C70 construction project on people’s
well-being. We began this study with three research questions.

6.1 Local social media usage behaviour for
environmental justice communities

Our second research question was: What can we learn about en-
vironmental justice communities behavior while using a localized
social media app? From what we observed, there are several things
to learn from this study with regards to the usage behaviour of
local social media systems.

First, it is important to keep the social media app simple with
few functionalities and provide only the information users care
about, otherwise app usage decreases. For instance in Cohort 3, we
had a large number of channels and users could not decide which
channel to post on. So we observed that people were mostly reactive
in Cohort 3 where the number of reactions were significantly higher
than posting messages. However, in Cohort 4 where we reduced
the number of channels to three, we observed that users posted
significantly more messages on average.

Another clear observation that we had is the overall positive
way users discuss issues in these settings. Although there were
complaints about several issues like smell and traffic, users generally
tried to present their thoughts positively.

6.2 The effect of the intervention on users’
well-being

Our last research questions was: To what extent do the proposed

intervention mechanism help in enhancing the well-being for envi-

ronmental justice communities who live in the affected areas?

In order to answer this question we analyzed the data from Pure-
Connect usage as well as two surveys that administered at the end
of each cohort. Based on this analysis, we identify four results that
show that PureConnect did help in enhancing the well-being for
environmental justice communities who live in the affected areas.
First, we analysed the average feelings of the users in two cohorts.
We found that compared to pre-intervention phase (Cohort 1 and
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Cohort 2) that was conducted prior to the PureConnect usage (See
https://www.sjeqdenver.com/), the average level of positive feelings
was higher in Cohort 3 and Cohort 4, and the average level of neg-
ative feelings was lower in Cohort 3 and Cohort 4. This difference
was significantly pronounced for the feelings of happiness and
loneliness. This indicates that the interventions we introduced did
help in improving users’ well-being. However, we do note that we
introduced three interventions as mentioned in Section 3.1, and so
the improvement in user feelings is due to the combined impact of
three interventions and not just PureConnect alone.

Second, to dig deeper and see if PureConnect had some effects
on feelings or not, we further investigated the level of usage of
PureConnect with users’ levels of feelings. We found that there
was a positive correlation between the total number of interactions
and positive feelings and negative correlation between the total
number of interactions and negative feelings. We found this to be
significant for all feelings. This clearly shows that PureConnect
usage positively contributed to improving users’ well-being.

Next, when we conducted sentiment analysis on message shared
in PureConnect, and found that positive sentiments were signifi-
cangtly higher than negative sentiments, even when users discussed
problematic issues in the community. Their language was positive,
such as when one use shared that they are so excited to make
changes in the community, or when they discussed their concerns
with each other, they felt like they are not alone in this and have
support. Finally, our analysis of survey responses clearly show that
users found PureConnect very useful.

It is important to note that all our analysis is based on correlation
and does not establish a causal link between PureConnect usage
and people’s wellbeing. Further detailed investigation is needed to
establish causality.
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