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Abstract

A sociotechnical system (STS) creates a framework that allows an examination of how social and technical factors affect
organizational outcomes within a specific environmental context. STS has been rigorously studied with a primary research focus
addressing worker-technology interactions. Although these interactions are important, the social processes and interactions that
occur whenever any technical or environmental change is introduced into the system have been undervalued. If social processes
are better understood, mining organizations could efficiently prepare and stabilize for such changes. With this goal in mind, we
sought to extend STS theory through applying principles of meta-design to analyze the results of two case study interventions.
Specifically, we studied the impact of an unregulated dust control technology (the Helmet-CAM) and a regulated dust control
technology (the Continuous Personal Dust Monitor) on factors within an STS including employees’ knowledge of, communi-
cation about, and use of technology to mitigate respirable dust sources. The results are presented in a way that first, addresses the
overarching principles of meta-design STS including organizational participation, flexibility, and communication and second,
examines how technology implementation processes differ when the organization is complying with a formal, higher-level
requirement. Results show that a prominent focus on the social factors within an STS framework could help reduce unpredict-
ability on the technical side and may improve communication within the system to help reduce adoption time, especially if and
when accompanying a new, formal work process.

Keywords Communication - Dust monitoring technology - Organizational interventions - Respirable dust - Socio-technical
system

1 Introduction the implementation of new mine H&S technologies, (2) inter-

organizational communication practices (i.e., among workers,

Safe working conditions are enhanced with the help of compli-
ance measures and formal and informal processes to provide risk
control mechanisms for consistent health and safety (H&S) haz-
ards. However, such rules only provide the pretense for safe
processes and decisions [1]. Even with the safest possible con-
ditions, where risks are controlled to an appropriate level, there
are always changing innovations introduced into the environ-
ment that disrupt some part of the overall system. Despite the
concept of a sociotechnical system (STS) originating in the
British coal mining industry [2, 3], gaps still exist in how (1)
technical and social systems are interdependently affected during
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managers, and technology) impact H&S determinants at the
mine, and (3) environmental factors (i.e., compliance measures,
environmental hazards, mine structure) impact the development
and eventual implementation of mine technologies.

To study these issues, we examined the impact of an un-
regulated dust control technology (the Helmet-CAM, de-
scribed in Cecala and O’Brien [4]) and a regulated dust control
technology (the Continuous Personal Dust Monitor (CPDM))
on employees’ knowledge of, communication about, and
maintenance of dust-reducing work practices within their
mine organization. The first case study with the Helmet-
CAM occurred with 48 miners and 17 managers from five
industrial mineral mines. The second case study with the
CPDM occurred with 35 miners and 15 managers from three
underground coal mines. Although mining methods are dif-
ferent for these two commodities, the process regarding the
integration of new technologies and communication about
new information remains relevant for both cases.
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STS research often focuses on different factors to explain
intra-organizational issues [3, 5]. Alternatively, we focus on
the inter-organizational issues to better understand communi-
cation processes and adherence to H&S practices in response
to the implementation of new technologies. For example, any
change in a social or technical factor can prompt a change in
managerial practices, a shift in how workers can or should
identify and assess hazards, and how both groups make deci-
sions in real time using their tools and equipment [6].
However, the level (e.g., organizational, corporate, federal)
at which new technologies, rules, and processes are imple-
mented could impact communication and compliance. Using
an STS framework to shift analysis from the individual to the
overall system can allow for a better understanding of how
various interactions influence organizational H&S.

First, an overview of STS is presented, followed by meta-
design STS and its five principles. Then, the two case studies
are presented, including the current standards that apply to
respirable dust exposure for each, the compliance assistance
or regulated technology used for each, and data collection
procedures. The results are presented in a way that addresses
the overarching principles of meta-design STS as well as how
these results differ based on the purpose of each technology
(compliance assistance versus compliance). Although there
are limitations within the present study, such as the small
samples, that prevent the results from being generalizable,
the study still demonstrates that a prominent focus on the
social factors within an STS framework could help reduce
unpredictability on the technical side; applying the principles
of meta-design STS prior to and during the implementation of
technology may improve communication within the system
(i.e., mine organization), help reduce individual worker and
organizational adoption time of the technology, and improve
long-term maintenance of H&S practices on the job.
Consequently, the results should be considered by individual
mine organizations as a potential learning tool when a new
technology or process is introduced on site.

2 A Review of Sociotechnical Systems

Innovative mine technologies, whether or not they are ac-
companied by or predicated through regulatory action,
have become driving forces to help address complex prob-
lems in mine H&S. However, technology or even regula-
tion alone cannot function as a way to improve organiza-
tional practices and worker performance [7]. Early STS
studies argue that, because worker behavior and work prac-
tices were so entwined with technical factors, technology
could not be understood without understanding workers’
social processes [3, 8]. That said, a core insight of STS is
the interdependence of the social and technical factors of
organizations and the work environment [5].
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2.1 Social and Technical Factors

According to Walker and colleagues [9], STS is founded on
two primary factors. First, the interaction of social and tech-
nical factors facilitates conditions for either a successful or
unsuccessful system performance, emphasizing the intersec-
tions between social and technical factors [10]. Second, if one
of these two factors is adjusted, it is likely that increased un-
predictability will occur in the system (i.e., the mine). These
factors are defined below.

» Technical: can include machines, tools, technology, or
equipment, and are produced and continuously adapted
to provide a reliable experience for individual users and
serve the needs of the organization [11, 12].

* Social: can include individuals and teams that need to
coordinate, control, and continuously evolve to manage
emerging risks in the organization [11, 12].

Researchers argue that the “socio” factors do not behave
like the ‘technical’ factors in that people are more unpredict-
able and non-linear [9]. For example, new employees, new
management, or changes to organizational structure may con-
stitute changes to the social factors within an STS. New tech-
nologies and equipment can disrupt social factors as well.
These two factors can also be impacted by changes in the mine
environment whether physical or constructed by those who
work at the organization. Specifically, one structural environ-
mental factor that can influence advances in technical factors
and changes in social factors is any type of formal or regulated
work process that causes changes to the organization.

2.2 Formal or Regulated Processes as Environmental
Factors

In general, any H&S regulatory measure or documented pro-
cess is designed and intended to improve the performance of
workers and organizations in ways that reduces hazards.
Researchers [13] argue that regulations can serve many func-
tions, including “improving industry’s environmental perfor-
mance, increasing the safety of transportation systems, or re-
ducing workplace risk” (p. 706). It is apparent that mining
technology has been enhanced as well as encouraged by reg-
ulation [14]. According to Kerr and Newell [15], such policies
have the ability to “create constraints and incentives that in-
fluence the process of technological change” (p. 317). Within
the USA, mining rules and regulations have significantly in-
fluenced health, safety, and technological innovations [16]
and, as a result, many emerging technologies end up being
regulated to some degree to further protect the worker.

To date, there is little empirical evidence about the effects
of environmental regulation and other formal work processes
on the social factors within an STS [17]. When introducing
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new technologies, integrating their concepts into organization-
al and worker processes is difficult [18]. As a result, research
has argued that more cultural approaches need to be integrated
into aspects of an STS in order to account for changes in the
social factors—whether rational or irrational—that occur
within the organization [19]. STSs are depicted several ways;
one version of the system is illustrated in Fig. 1.

Although an STS may appear to be simple, the processes
and interactions that occur within and between these listed
factors can be severely disrupted whenever anything new is
introduced into the system. In response, an emphasis on the
social factors, via a meta-design framework, has been used to
help alleviate ambiguity within the organizational system.

2.3 Meta-Design Interventions for STS

There is much support for the argument that, in collaborative
systems, one’s awareness and understanding occur at a sys-
tems level and therefore, collaborative STSs should be ana-
lyzed from a systems, rather than an individual, perspective [9,
21]. Instead of looking at the awareness and information pro-
cessing of one worker or a group of workers within a situation,
research has argued for an examination of the interactions or
links within an organization [22, 23]. In this sense, one of the
most critical challenges of STS is to explain how successful
integration of social and technical factors can occur [7].
Research has argued that communication among and within
worker activities is the most relevant and impactful compo-
nent of the STS but is seldom the focus of an empirical study
[e.g., 7, 24-26].

Environmental System:

Industry, government, etc.

\ T
/

Social System: Technical
Safety culture, System:
social networks, Equipment,
work rules - methods,

including rewards
and authoritative
processes, etc.

technologies and
tools, techniques,

etc.
/

Organizational Outcomes:

H&S performance, leading indicators, etc.

Fig. 1 Factors and relationships within STS including the environmental,
social, and technical systems, which feed into organizational outcomes
(adapted from Kull and colleagues [20])

As a result of arguments placing communication as a crit-
ical piece during any technology integration, an emerging
trend in STS has been a focus on the social factors through
meta-design [27]. One assumption of meta-design is that fu-
ture problems cannot always be predicted and that, if users
become “co-designers” during development and implementa-
tion, then the system’s boundaries can be extended to support
the needs of workers, workgroups, and the organization [28].
Therefore, the principles of meta-design facilitate action-
research that can help improve performance [12, 29]. The
primary principles of meta-design frameworks (adapted from
Fischer [30]) are discussed below.

2.3.1 Culture of Participation

Participatory design approaches are commonly advocated for
in order to allow stakeholders to influence the design of prod-
ucts [31]. In meta-design, a culture of participation is different
in that the process solicits participation along with ongoing
learning to allow an enhanced version of the product in the
end [7]. In a culture of participation, a variety of roles are
involved, and these roles constantly change based on those
who help develop, implement, or use the technology
[32-34]. Organizations that foster such an approach have been
successful in integrating a variety of backgrounds, perspec-
tives, and experience to allow space for everyone to contribute
their own perspectives [35]. Fischer [35] notes that this pro-
cess allows users “to act as designers and modify systems,
thereby providing them with new levels of personal control”
(p. 202).

2.3.2 Empowerment for Adaptation and Evolution

Research has shown that any new technical factor is more
effective if it is supported by collaborative work practices
[32]. Consequently, the empowerment principle focuses on
the adaptability of the STS, primarily through the social fac-
tors providing some flexibility. An example may include sup-
portive management who can immediately react and mitigate
an identified health hazard. Another way to promote STS
adaptability is to allow individual workers to contribute to
organizational rules or processes that improve the culture
[7]. Therefore, a meta-design framework should provide a
variety of opportunities for feedback on tools, methods, pro-
cesses, or strategies that are amenable to adaptation for the
organization’s benefit.

2.3.3 Evolutionary Growth
Rather than attempting to build large products or technologies
all at once, meta-design encourages small contributions from

many people who can contribute to an impactful, sustainable
development [7]. This approach requires flexibility because it

@ Springer



712

Mining, Metallurgy & Exploration (2019) 36:709-727

is unclear how certain aspects will evolve. This principle pro-
motes phases of experimenting or practicing and later alter-
nating with reflection and advancements in development or
growth [36] which in turn, allows the ways in which innova-
tions are used to evolve and change for the benefit of individ-
uals and the organization.

2.3.4 Underdesign

Underdesign assumes that technical products are socially con-
structed throughout design, implementation, and use [26] and
therefore, the product should not necessarily be completed
during development. Rather, plans detailing how technical
factors should be designed, organized, and then implemented
should not be decided before the product is finished [7, 37].
Alternatively, underdesign promotes individuals being able to
identify problems and contribute improved solutions to the
technology [38]. In addition, underdesign does not only refer
to hardware or software aspects; it also includes plans that
describe how the technology will be used and how collabora-
tion should be coordinated [26].

2.3.5 Structuring of Communication for Designing
the In-Between

This principle concerns what kinds of communication can best
facilitate adoption of a new organizational process or technol-
ogy. Meta-design supports communication efforts by develop-
ing and promoting interventions that bring people together.
Some researchers have proposed something called the
sociotechnical walkthrough [39] which goes through a variety
of cognitive, team, and structured participatory methods. This
process allows leaders to ask prepared questions, gather con-
tributions, and resolve any conflicts, particularly in reference
to management support when new products and rules are in-
troduced [29]. This approach supports participation and gives
individuals an opportunity to decide how technology can best
be used on site.

2.4 Applying Meta-Design Principles to Two
Worker-Technology-Organizational Interventions

The principles discussed above reveal three primary
themes of meta-design: participation, flexibility and adapt-
ability for continued improvement, and communication.
These primary themes underscore the importance of under-
standing interactions between workers and interactions be-
tween workers and their technology or equipment, to best
communicate, distribute, and coordinate H&S within the
system [40]. However, it has been difficult to empirically
observe communication within an organization’s STS [41].
A primary challenge to meta-design is motivating people
to participate as well as allocating the time for people to
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participate, which prompts some leaders to use rewards or
incentives [7]. Research shows that people tend to partic-
ipate in personally meaningful issues [38], although other
factors may play a role in helping or hindering participa-
tion, such as the safety culture, managerial support, effica-
cy, and workplace rules. But, it can be easy for workers to
experience participation overload, especially if they do not
have experience in offering constructive feedback [42].
Because of this, a tension between standardization and
improvisation has been noted as a meta-design challenge
[27].

Through a series of worker-technology-organizational inter-
ventions, some of these aforementioned challenges could be
overcome including inter-organizational barriers such as how
varying roles, processes, and procedures play into worker par-
ticipation, organizational flexibility and adoption toward tech-
nology, and how improvements in communication may posi-
tively impact technology implementation and integration. This
paper walks through two intervention designs that involved the
use of new health technologies, one regulated in its current
environment and one that is used for proactive compliance
assistance. Within these two case studies, researchers examined
mine-site communication during attempts to integrate social
and technical factors to ultimately protect workers’ long-term
health. Using the broad principles of meta-design, this paper
informs the ways that new technologies can be introduced and
used in the mining industry to help workers maintain their
situational awareness while organizations also advance the im-
plementation of these technologies through increased participa-
tion, flexibility, and communication.

3 Methods

The roles of dust exposure regulation in mining (environ-
ment), dust assessment technologies (technical), and worker
awareness and performance along with management imple-
mentation and support (social) are not completely clear, nor
can a standardized approach exists to ensure that the orga-
nizational system remains intact during technology imple-
mentation. In addition, specific to respirable dust control in
the mining industry, several engineering controls have been
identified, developed, and implemented [e.g., see 43, 44],
but many engineering solutions can be better integrated with
the organization and workers [45]. This paper sought to
extend STS in mining through applying principles of meta-
design to analyze the results of two case study interventions.
For both case studies, a convenience, purposive sampling
strategy was used to recruit each mine and the participating
workers [46]. All data collection instruments were approved
through NIOSH’s Institutional Review Board (IRB) and the
Office of Management and Budget (OMB) prior to data
collection.
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3.1 Case Study 1: Helmet-CAM Technology to Reduce
Exposure to Respirable Silica Dust

3.1.1 Guidance on Respirable Crystalline Silica Dust Exposure

Because of the serious health outcomes in response to respi-
rable crystalline silica (RCS) exposure, the US Department of
Labor’s [47] Occupational Safety and Health Administration
(OSHA) lowered the permissible exposure limit (PEL) of re-
spirable silica by publicizing the rule “Occupational Exposure
to Respirable Crystalline Silica” (81 CFR 16285). Effective
June 23, 2016, this regulation reduced the PEL for RCS from
100 pug/m’ to 50 ug/m® of air, averaged over an 8-h shift. This
obligation had varying enforcement dates by industry over the
last 2 years and did not include the mining industry. However,
it is not unreasonable to assume that MSHA will follow suit
and lower the RCS PEL. From a proactive vantage point, it
was thought that the mining industry could benefit from quick
and economic controls to reduce workers’ sources of RCS
exposure. To that end, Helmet-CAM technology, described
below, was used to examine how the implementation of a
non-regulated mining technology could impact communica-
tion processes as a means to reduce RCS exposure sources. A
description of Helmet-CAM and its accompanying software is
below.

3.1.2 Development of Helmet-CAM and EVADE Technology

In response to stakeholder concerns about the physical and
practical challenges of assessing and controlling RCS,
NIOSH, in cooperation with a large industrial minerals com-
pany, developed an assessment technology known as Helmet-
CAM with complementary software known as EVADE
(Enhanced Video Analysis of Dust Exposure) [4, 48]. The
technology includes a lightweight video camera worn on the
hardhat or shoulder and an instantaneous dust monitor con-
nected to a 10-mm cyclone also worn on the shoulder. The
video recorder and dust monitor are typically placed in a back-
pack. Miners perform their job tasks as video and dust expo-
sure data are collected, and video footage and dust data are
then downloaded to EVADE. The software merges the camera
footage and dust data to produce a video that can be played
back to identify work areas and tasks that cause elevated RCS
exposures [see 4, 48, 49]. The technology is not touted as a
compliance tool, but rather a compliance-assistance tool to
allow organizations to pinpoint and mitigate trouble spots or
processes on their site. Figure 2 shows the components of the
Helmet-CAM technology.

During 2011 and 2012, NIOSH researchers performed 12
studies at mining operations to evaluate the effectiveness of
this technology [4, 48, 50, 51]. Over 100 miners wore and
assessed the technology, with only one worker complaining
about wearability issues. EVADE 1.0 software was developed

in 2010 and made available to the public in 2012. NIOSH then
sought to improve some technical features of the software
based on known usability issues, involving stakeholders in
the feedback and improvement process. In October 2014, a
focus group was conducted with nine members of mine man-
agement to understand how management personally used the
Helmet-CAM, organizational changes made in response to the
technology, and how to improve the EVADE software. Based
on these discussions, EVADE was updated to enhance its us-
ability as a compliance-assistance tool and added real-time
contaminant assessment tool data for exposures beyond dust,
and released to the public in 2015 as EVADE 2.0 (for detailed
usability feedback, see Haas et al. [52]). Figure 3 shows the
components of EVADE 2.0 output.

3.2 Helmet-CAM Technology Intervention

This intervention aimed to initiate and enhance mine-site con-
versations about the risks and potential occurrences of
workers’ respirable dust exposure as well as provide an impe-
tus for mitigating higher sources of RCS. Data collection oc-
curred in several stages during two separate visits, approxi-
mately 68 weeks apart at each mine site.

3.2.1 Pre/Post Health and Safety Survey, Interview,
and Debrief with Miners

In order to understand potential impacts of the Helmet-CAM
technology on miners’ performance in relation to reducing
exposure to RCS, a 15-min subjective pre- and post-survey
was completed with each mineworker [52-56]. The 6-point
survey (strongly disagree to strongly agree) was tested for in-
ternal consistency using Cronbach’s alpha [57]. Cronbach’s
alpha is a measure for internal consistency that is used to de-
termine how closely related a set of items are as a group [57].
After miners completed the survey, short interviews took place
in mine offices. Discussions were 15-35 min, depending on
time constraints and the openness of each participant. Using
behavioral constructs from theories such as the Health Belief
Model [58], workers were prompted to share their personal
susceptibility to RCS exposure and potential consequences of
their exposure. Additional questions prompted participants to
discuss common hazards that they watch for on the job, tasks
that expose them to RCS, and behaviors that they engage in to
prevent elevated exposures. Participants also discussed various
messages that impact their H&S decisions such as how often
their supervisors talk with them about RCS and their preferred
method of communication.

After completing the pre-survey and interview, individual
miners wore the Helmet-CAM setup for approximately 2 h
during their work shift. The footage was immediately
downloaded into EVADE 2.0 to illustrate potential dust haz-
ards, including the highest exposure peaks throughout the
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camera lens located on worker’s
shoulder (left) and helmet (right)
and the 10-mm cyclone attached
to the backpack shoulder harness

Fig. 2 Helmet-CAM with video \

Video camera

lens

workers’ length of wearing the Helmet-CAM. This informa-
tion was downloaded into EVADE and reviewed with miners
and members of management as soon as possible. In most
cases, the dust footage was reviewed on the same day—
usually on the workers’ next break or during lunch—in an
effort to initiate discussions about work practices and engi-
neering controls that can reduce exposure to RCS, as well as
how managers can support or initiate these controls.
Discussions occurred right away so workers would have the
benefit of seeing the dust data that was produced while they
were wearing Helmet-CAM. During these discussions,
workers and managers were able to identify realistic goals to
improve upon before the next visit (e.g., changing from cotton
gloves to leather gloves, repairing tears in cloth chairs in
equipment). Then, on the follow-up visit, approximately

\ l Video camera

lens \

10-mm
cyclone
10-mm
cyclone

6 weeks later, workers participated in another interview to
document changes that had occurred since our last visit, wore
the Helmet-CAM again, and then participated in the post-
survey assessment to document changes in personal
proactivity that had occurred throughout the intervention.

3.2.2 Focus Groups and Helmet-CAM Debriefs
with Management

Members of management participated in approximately 1-h
interview or focus groups to discuss ways they engage their
workforce to be accountable and proactive in protecting their
health. For the focus groups, anywhere from four to seven
leaders participated, which is typical for this research method
[59]. Leaders were asked to share efforts used to ensure
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right), the worker’s five highest exposure peaks while wearing the

@ Springer

video exposure monitoring device (bottom left), and a line graph
representing the worker’s exposure while completing the task (bottom

right)
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consistent site-wide communication based on previously iden-
tified practices [60]. The data allowed researchers to glean
more insight into the organizational culture, which was help-
ful when reviewing the Helmet-CAM data. In addition, feed-
back was provided to these managers via e-mail, phone, and/
or in person throughout the duration of the intervention.
NIOSH researchers relayed information about elevated expo-
sure areas, issues associated with elevated exposures, and con-
siderations to possibly reduce exposures. Between NIOSH
visits, site-level management could explore new engineering
controls and communicate practices that may reduce expo-
sure, which were re-assessed at the follow-up visit.

3.2.3 Participants

This case study involved 48 workers from five mine sites (four
industrial mineral/aggregate sites and one metal site) who
agreed to participate between April 2015 and September
2016. The first site had 11 participants, the second had 9, then
9, 12, and 7, respectively. Of the 48 participants, 9% were 18—
24 years old; 27% were 25-34; 23% were 35-44; 23% were
45-54; and 18% were 55-64. Managers were asked to select
job tasks that they felt were more susceptible to RCS exposure
in order to provide the organization with relevant information.
Participants held job positions such as loader operator, rail
loader, lab technician, dry maintenance, clean-up, mine oper-
ator, assay lab technician, blaster, load truck operator, electri-
cian, and utility/process operator.

3.3 Case Study 2: CPDM Technology to Reduce
Exposure to Respirable Coal Dust

3.3.1 Guidance on Respirable Coal Dust Exposure

On May 1, 2014, MSHA enacted a regulation, “Lowering
Miners’ Exposure to Respirable Coal Mine Dust, Including
Continuous Personal Dust Monitors” (30 CFR Parts 70, 71,
72, 75, and 90), that contained several progressive phases
[61]. The most recent phase was that the dust level may not
exceed 1.5 mg/m’® (previously 2 mg/m® for any work shift).
Another phase of the regulation required mine operators to
start using a continuous personal dust monitor (CPDM) by
February 1, 2016, for designated occupations (DO) and other
designated occupations (ODOs) to monitor and comply with
regulatory exposures. As defined in the rule (30 CFR Part
70.208), the DO is the occupation on a mechanized mining
unit (MMU) that has been determined by results of respirable
dust samples to have the greatest respirable dust concentration
[61]. The ODO is another occupation on an MMU that is also
designated for sampling. Consequently, underground coal
mines are required to use the CPDM to collect 15 valid sam-
pling shifts each for the DO and ODO per quarter per MMU,
while complying with the lower standard. The DO and ODO

cannot be sampled concurrently, so a minimum of 30 shifts of
sampling must be conducted on each MMU. If blowing face
ventilation is used, the face haulage operator (e.g., shuttle car
operator) must also be sampled as another ODO, so a mini-
mum of 45 sampling shifts must be completed for these
MMUs.

3.3.2 Overview of CPDM Technology

Accurate real-time monitoring of coal mine dust has been an
industry goal for a long time, with the first prototype personal
dust monitor (PDM) funded by NIOSH in 1983 [62].
Although it was configured for end-of-shift measurements,
the device was not a real-time monitor and had difficulty in
achieving realistic wearability for workers [63]. Additional
incidents of coal workers’ pneumoconiosis (CWP) prompted
the Secretary of Labor to convene an advisory committee in
1995 to study this issue, where the concept of personal dust
monitors was given new attention and was undertaken again
by NIOSH, but this time, in collaboration with labor, industry,
and MSHA. NIOSH issued another contract to redesign and
develop the PDM. The Thermo Fisher Scientific PDM 3600
was commercialized in 2009 and certified for use in under-
ground coal mines by MSHA (safety) and NIOSH
(performance) in 2011.

Components of the technology included a sampling inlet,
Higgins-Dewell cyclone, air heaters, air sampling pump, dust
sensor, battery for the sampler, battery for the cap light, elec-
tronic control and memory boards, and a display screen [63].
In addition, the technology also interfaces with computer soft-
ware so the dust data that has been recorded each minute can
be downloaded and viewed by workers and managers. This
version of the PDM was field tested at ten mines [64], and a
separate study completed 30 interviews with miners to under-
stand their feedback, concerns, and uses with the PDM [65].
Eventually, a new version of the dust monitor, PDM 3700,
was developed through another NIOSH contract with
Thermo Fisher Scientific. This version was certified for use
in underground coal mines by MSHA and NIOSH in 2014
and satisfies the compliance sampling requirements of a
Continuous Personal Dust Monitor (CPDM) as specified in
30 CFR Part 74. This version was the same size but lighter due
to the cap lamp and associated battery being removed. It pro-
vides near real-time readings, with workers being able to view
cumulative exposure readings, 30-min readings, and the per-
cent of the PEL that has been reached during their work shift
by navigating through available screen views on the CPDM.
Figure 4 shows the Model 3700 and available screen views.

3.4 CPDM Intervention

The current intervention initiated and enhanced conversations
about the risks and potential occurrences of respirable coal

@ Springer



716

Mining, Metallurgy & Exploration (2019) 36:709-727

Fig. 4 PDM 3700 dust monitor (left) and information screens available
(right). The screen view shown in the top right photo in Fig. 4 provides
the average respirable dust concentration for the previous 30 min of
sampling, in addition to the average cumulative concentration from the
beginning of the sampling shift. The screen shown in the middle right

dust exposures on the job using the CPDM dust data output
displayed on the screen. The data collection occurred in sev-
eral stages during two separate visits, approximately 6—
8 weeks apart at each mine site.

3.4.1 Surveys, Interviews, CPDM Use, and Dust Data Debrief
with Coal Miners

In this case study, in addition to proactive scale measures, a
“Learning Self-Regulation Questionnaire” (adapted from
Williams and Deci [66] and Black and Deci [67]) was provid-
ed to participating workers each visit to better understand how
using the CPDM aligned with their H&S values as well as
how the technology was used to reduce exposure to respirable
coal dust [68, 69]. The questionnaire measured internal (i.e.,
self-motivation) and external (i.e., motivated by others) moti-
vation to take into account why coal miners may decide to
learn or adopt a self-protective behavior. The 13-survey items
were retained, but terminology was changed to reflect
workers’ use of the CPDM. The Cronbach’s alpha for extrin-
sic regulation (7 items) was .85 and the Cronbach’s alpha for
intrinsic regulation (6 items) was .77. Both of these Cronbach
alpha’s rendered “good” internal consistency and considered a
reliable measure for each scale [57]. In addition, similar inter-
views or focus groups, as detailed in the earlier Helmet-CAM
discussion, occurred with workers.

After completing the survey and discussion, individual
miners began their workday, wearing the CPDM as usual, as
a part of the regulatory requirement (researchers visited the
site while at least one DO or ODO was sampling). The next
day or next visit, researchers reviewed the dust data output
cards produced from the CPDM. Specifically, dust peaks were
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photo identifies the PEL for the sampling shift (input by the user) and the
percent of this limit that has been reached to this point of sampling. The
last screen photo shows a bar graph of average dust concentrations for
each 30-min period of sampling throughout the shift with the values of the
highest and lowest measured mass concentrations also displayed

reviewed with the workers and members of management in an
effort to initiate discussions about (1) possible scenarios that
caused an elevation in dust exposure, (2) personal behaviors
that can reduce exposure to respirable coal dust, and (3) po-
tential engineering controls that can be explored by miners
and management to improve current dust control methods.

3.4.2 Focus Groups and CPDM Debriefs with Management

Specific to managers, 15 members of mine management
discussed current interventions at their respective sites in re-
sponse to the CPDM dust data output. Conversations ranged
from one to five participants per site and lasted anywhere from
30 min to 3 h. They shared ways that they help support dust
control practices on site and how they communicate the
CPDM dust data to their workforce. Leaders were asked to
share specific efforts to ensure consistent site-wide communi-
cation about the CPDM, and how they communicate the dust
data output to the workforce. In addition, feedback was pro-
vided to these members of management via e-mail between
visits. NIOSH relayed information about worker’s perceived
dust data peaks, use of the CPDM, and considerations to pos-
sibly reduce exposures. During this process, site-level man-
agement could help facilitate communication efforts with the
workforce about possible behaviors that may help reduce re-
spirable dust exposure or the exposure of their coworkers.
Follow-up visits occurred approximately 8 weeks later at
each site in order to reevaluate if any new dust sources had been
identified via the CPDM or any new dust controls were put in
place. Participants discussed changes in response to the CPDM
dust data output. The same workers were asked if they contin-
ued using information gleaned from the CPDM to sustain
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protective work practices, even when they did not have to wear
the technology to comply with the regulation. Individual re-
sponses were linked to workers’ surveys.

3.4.3 Participants

The study recruited 35 workers who wore and responded to
the dust data provided via the CPDM (note that additional
participants were recruited, but only provided qualitative and
not quantitative feedback and therefore, are not included in the
case studies). Workers from these three locations shared re-
peated situations in which respirable dust was higher, their
thoughts on sources of higher exposure, common actions tak-
en to reduce exposure, and what actions, if any, had been
maintained over time. There were usually three to four
workers from a crew present for the focus groups. Of the 35
underground coal mineworkers, all were male, and 37% (n =
13) were continuous mining machine operators; 37% (n=13)
were shuttle car operators; and 26% (n =9) were roof bolters.
Regarding age, 8% were 18-24 years old; 33% were 25-34;
25% were 35-44; 8% were 45-54; and 25% were 55-64.

3.5 Analysis of Quantitative and Qualitative Data

For both case studies, the surveys were entered into a statisti-
cal software “Statistical Package for the Social Sciences”
(SPSS). For the purposes of this paper and the smaller sample
sizes, only averages and basic pre and post differences are
reported. The interview data for both case studies was ana-
lyzed and coded in a series of stages. Initial coding of the data
occurred while typing the interview and focus group notes.
Then, researchers engaged in a more focused effort to identify
codes under respective themes from both worker and manager
perspectives [70—72]. Once the worker and manager data was
organized, the codes and examples that supported the over-
arching themes were compared to the theoretical constructs
used to develop the data collection instruments [73]. This
allowed us to better understand the forces driving perceptions
and decisions of workers and management. The coded data
was then reviewed with the meta-design principles in mind to
determine areas specific to individual participation, organiza-
tional adaptability, and communication [7, 26]. The coded
data was sorted into these three meta-design areas to inform
social processes around these two technologies.

4 Results

For specific results related to engineering controls and other
fixes identified via the two technologies to reduce workers’
exposure to respirable dust, see [74—78]. Because this paper
focuses on the “socio” factors of STS with an emphasis on
collaborative participation, the two case studies are debriefed

within three sub-sections to accurately examine how regulated
and non-regulated technology implementation may have im-
pacted social aspects within the meta-design process. Broadly,
the meta-design principles are centered around participation,
adaptability and flexibility, and communication. The quanti-
tative and qualitative data is used to contribute to these three
overarching areas.

4.1 Participation in Identifying Sources of Respirable
Dust

As discussed earlier, a culture of participation is important in
recognizing individuals’ contributions and even in fostering
intrinsic motivation to take action [7]. Both interventions fos-
tered a culture of participation via workers and managers en-
gaging with the technology from both a usability perspective
as well as using the information to reduce personal exposures.
Engaging individual workers and managers fostered greater
participation and contributions to technology implementation
by the end of the intervention as well. For example, the pre-
and post-surveys with workers from both case studies indicat-
ed that, regardless of whether a technology is regulated or not,
engaging users in what the technology is communicating
about their personal health can be used to motivate workers’
performance.

Although the surveys varied slightly, the constructs mea-
sured were similar. In the Helmet-CAM pre- and post-survey
results (Table 1), workers reported higher levels of personal
proactivity, compliance, engagement, and coworker commu-
nication about health and safety. Figure 5 shows the Helmet-
CAM results for the proactivity questions in more detail, il-
lustrating a significant increase in proactive behaviors from
time 1 (M=4.84) to time 2 (M=5.10), ¢t (33)=—2.545,
p <.016 (two tailed). The mean increase in proactivity scores
was .268 and the eta squared statistic (.16) indicates a large
effect size. The data below met the assumptions of paired # test
data, including the inclusion of continuous variables, the
matched data pairs followed a normal probability distribution,
albeit highly skewed, and the samples were random, meaning
that any of the employed workers could have been chosen for
this study.

The same proactivity questions were asked of coal miners
who participated in the CPDM interventions. Statistical sig-
nificance, using the same paired 7 test option, was not obtained
within this sample, but the averages improved in all but one
item, as shown in Fig. 6. For both tests, the small sample size,
even though responses were distributed normally between the
first and second visit, limited the ability to perform in-depth
statistical analyses, but for the purposes of this paper, and
examining results within an STS framework, it was deemed
appropriate to share these pre and post intervention results
regardless of statistical significance.
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Table 1 Workers” H&S
perceptions pre and post Helmet-
CAM intervention

Workers’ self-reported attitudes
and behaviors

Pre Helmet-CAM Assessment
(on 6-point scale)

Post Helmet-CAM Assessment
(on 6-point scale)

H&S Proactivity

H&S Compliance
Engagement

Coworker communication
Personal H&S knowledge
Personal H&S motivation

4.8 5.1
5.4 5.5
4.6 4.7
49 52
5.5 5.5
5.7 5.7

As indicated earlier, coal miners within the CPDM inter-
ventions participated in a self-regulation survey. These results,
shown in Tables 2 and 3, revealed a one-point difference be-
tween an intrinsic (4.33 on a 6-point scale) and extrinsic (3.38)
motivation scale.

This large difference between the two scale averages illus-
trates first, that mineworkers are more intrinsically rather than
extrinsically motivated to use and respond to the CPDM dust
data to protect their health. For example, the question that
received the highest agreement score (i.e., 4.76) was “it’s good
to try and improve my health,” indicating that workers want to
learn as much as they can about the CPDM technology to
reduce their exposure to respirable coal dust. Second, the re-
sults show that extrinsic motivation does not play a large role
in mineworkers’ dust-related decisions on the job, with the
“not true” average being below a 4.0. To illustrate, the survey
item that received the lowest agreement score (i.e., 2.66) was,
“Others would think badly of me for not using the CPDM,”
illustrating that workers do not care as much about what others
think of them, or rely on regulatory pressures to use the tech-
nology, as much as their own motivation influencing their
behavior. The qualitative results further show how technology,

when implemented appropriately with social factors in mind,
can enhance participation and buy-in from workers.

4.1.1 Participation in Using Helmet-CAM and EVADE

The Helmet-CAM case study illustrated that a technology in
which workers have the option of using can serve as a risk
assessment tool to build knowledge and awareness. This was
evident as the interventions at each site progressed. For exam-
ple, during the first visit at each of the participating Helmet-
CAM sites, mineworkers had initial awareness of RCS, but
did not have a sense of urgency to reduce their exposure. This
was particularly prevalent among younger workers, who felt
that dust was well controlled on site. Attitudes during the first
visit included comments such as, “I think about dust exposure
and trying to reduce it but I generally don’t worry about it
being a problem in the future in terms of my health. People
have worked here for 35+ years and they’re fine.” Many
workers acknowledged their exposure to RCS but did not feel
it was a serious health threat. For example, one worker said, “I
know that I’'m exposed but I don’t think I’m overexposed. So,
I tend to not worry about it.” Often workers just said

Fig. 5 Workers’ levels of
proactivity on the job pre and post
Helmet-CAM intervention

Try to solve problems to reduce H&S risks

Try news things to improve H&S

Make suggestions to improve how H&S is handled

Voluntarily carry out tasks to improve H&S

Go out of my way to address potential hazards

mTime 2 mTime 1

Total proactivity
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Fig. 6 Workers’ levels of
proactivity on the job pre and post
CPDM intervention

Try to solve problems to reduce H&S risks

Try news things to improve H&S

Make suggestions to improve how H&S is handled

Voluntarily carry out tasks to improve H&S

Go out of my way to address potential hazards

something along the lines of “You can’t eliminate everything.
In some cases there’s nothing you can do.” Other workers
justified their exposure by saying they might just be in a dusty
situation for a few hours and not their whole shift. This is not
to say that workers were not concerned about their exposure,
but they had a more relaxed attitude. A common development
in those who were concerned is that they were older and
nearing retirement.

However, we also learned that workers did not have a
strong sense of first, where their exposures came from, and
second, what they could do to reduce their exposure. After
workers wore the Helmet-CAM and saw their footage their
perceptions shifted. Conversations with workers quickly
turned into knowledge-building sessions where workers
were given an opportunity to use the EVADE software
and navigate to their highest dust exposure peaks. During
this time, workers were also encouraged to ask questions
about their exposure levels, to either the NIOSH re-
searchers or the managers present during these conversa-
tions. These discussions allowed workers an opportunity to
better understand their exposures, and they were provided

u CPDM Time 2

u CPDM Time 1

Total proactivity

immediate action items to reduce their RCS exposure, if
desired.

On the follow-up visits, workers’ attitudes changed signifi-
cantly. Not only did workers’ proactivity increase, as evident in
the survey, but workers wanted to learn more about their expo-
sure to RCS. Workers asked things like, “So what is the silica
standard? Is that exposure over time negative? How much is too
much before it affects you?” One young employee even asked,
“If you’re exposed to 100 mg/m® your whole life will you get
silicosis?” In addition, workers expressed interest to continue
participating in using this technology, even though it was not
requested or required by the mine. Workers said things like,
“I’d like to wear the Helmet-CAM again, during certain times,
to identify tasks that have higher dust elevations,” while some
managers of the participating mine sites purchased their own
Helmet-CAM equipment and downloaded the EVADE soft-
ware for organizational use upon completion of the study.
Therefore, the intervention illustrated that voluntary use of the
Helmet-CAM was often received well by the workforce to
protect their personal health rather than to comply with a
higher-level regulation.

Table 2 Average of DOs and

ODOs autonomous motivations Autonomous survey items

Average (on 6-point scale)

« | feel like it’s a good way to improve my skills and my understanding of 4.38
exposure to respirable dust.

* Learning to use my CCPDM is an important part of being a coal mineworker. 4.26

* | believe my supervisor’s/organization’s suggestions will help me better 421
use my CPDM.

* It’s good to try to improve my health. 4.76

« It’s hard to identify sources of respirable dust. 3.76

* It’s helpful to use my CPDM to identify my main sources of respirable dust. 4.61
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Table 3 Average of DOs and

ODOs extrinsic motivations Controlled survey items

Average (on 6-point scale)

* Others would think badly of me if I did not [use my CPDM]. 2.66
* I would feel bad about myself if I did not use my CPDM. 3.03
« I would receive praise if I do what is suggested. 2.75
* [ want others to think I am a safe worker. 391
« It’s easier to do what I am told than to think about it. 3.03
« I would probably feel guilty if I did not comply with my 3.70
supervisor’s/organization’s suggestions.
* [ would feel proud if I continued to lower my exposure to respirable dust. 4.55

4.1.2 Participation in Using the CPDM

Obviously, due to the requirement of workers who were in a
specific job role to wear the CPDM each quarter, workers
participated in the use of this technology. However, because
technology use was mandatory, their actual buy-in and adop-
tion of the technology could have taken slightly longer if a
mandated regulation to use the CPDM did not exist. To put
this in perspective, it is highly unlikely that every mine orga-
nization would have bought several CPDMs for thousands of
dollars unless they were required to for compliance purposes.
While not surprising, the initial difference in experiences of-
fers considerations for all technologies thought to be regulated
at some point. First, coal miners had a more serious view of
their exposure to respirable coal dust. This could be because
coal mining has long been associated with CWP and coal
mining is a generational occupation. Many workers indicated
that they knew someone who had CWP or assumed that they
had it themselves. As one worker said, when you start work-
ing in a coal mine “you sign up for Black Lung too.”
Surprisingly, workers were not initially motivated to reduce
their exposure to respirable coal dust, similar to the previous
case study. Many workers said that their mine did a good job
and if anything more water sprays or water pressure could be
added. Broadly, workers often referenced action taken to com-
ply with the law rather than to protect their own health. For
example, one worker said, “Supervisors take care of (reducing
the exposure) to keep us from shutting down. The mine and
us, we do things required by law.”

Even though the motive for using the CPDM was in re-
sponse to a regulation, and workers were initially frustrated
with new obligations, they eventually saw the positive effects
of this technology. On our first visits, when mines were just
starting to use the CPDMs, workers felt like they knew where
their exposures came from and were in some ways blindsided
by the new technology. For example, one worker said, “We
haven’t really been told anything about the CPDM, just that
we had to wear it.” These workers also had concerns about
how the dust data could be used in the future and if their dust
data would be compared to other workers’ levels. However, as
time went on and for those who were motivated to learn from
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the technology, the workers and organization welcomed the
dust data. By the follow-up visit, after going through one dust
data debrief with workers, they expressed that they were
looking at their CPDM output more often to see what they
might be able to learn and that they are still learning, even after
wearing the CPDM multiple times. For example, one worker
said, “I like looking at my readout. It’s nice to see what the
feedback is so you can prevent exposure later. .. if I know
where or when I got a spike last time, and if that means I
can stand in a different spot or something.”

Most workers indicated that they look at their output and
ask questions about their exposure to their fellow coworkers
or direct managers. Specific corrective actions that
mineworkers learned are outlined elsewhere [i.e., 76].
Managers also noted printing out and discussing the dust data
cards with their employees more as a result of the intervention.
One manager learned that most of his workers’ exposures
were happening due to maintenance of the continuous mining
machine prior to the shift starting. The mine site changed its
housekeeping practices after realizing that the operators need-
ed to clean them at the beginning of every shift.

A noticeable difference was observed in workers’ re-
sponses to the CPDM once they learned that their dust data
cards were posted and available for them to see, and once they
learned how to interpret the dust data and received guidance
from their supervisors. Notably, this communication path was
not explicitly built into the original implementation of the
CPDM, and seeing workers’ change perceptions toward the
technology showed the value of consistent communication
about the capability of the technology and what the workers
can do to reduce exposure levels and thus, comply with the
regulation much easier. In a sense, providing workers with
knowledge about the technology also provided them with a
sense of control, which has been shown to increase participa-
tion in an activity [69].

4.2 Empowerment for Adaptation to Dust Control
Technology and Evolution in its Design and Use

This section debriefs results for the underdesign, empower-
ment, and evolutionary growth principles. These principles
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address the importance of adaptability within an STS in order
to allow flexibility on behalf of end users. This area is where
more differences existed between the two technologies from
both a design and implementation perspective.

4.2.1 Flexibility During Helmet-CAM Implementation

Although EVADE 1.0 was successful, it was not without its
challenges during the first phase of implementation. Because
NIOSH engaged in formative research to identify growing
pains with the first version of EVADE, such as saving and
retrieving files and then uploading them to simultaneously
synchronize and play on the platform [52], many of these
issues were fixed for subsequent users. The ability to add other
real-time contaminant devices to EVADE 2.0 (by contacting
NIOSH) has also helped the second phase of the technology’s
implementation. To illustrate, web tracking data from
Omniture indicated that, between June 2015 and August
2018, EVADE 1.0 was downloaded 124 times and EVADE
2.0 was downloaded 751 times [79]. The difference in these
downloads shows that users prefer the adaptable features of
EVADE 2.0, including the ability to perform multiple assess-
ments as once, and being able to upload data and footage that
can be synchronized in the software.

In addition, because the Helmet-CAM technology was not
regulated and served as a voluntarily assistance or learning tool,
its use was more casual and designed to serve the specific needs
of the organization rather than a mandated policy. Therefore,
workers and managers could experiment with the technology in
a variety of areas including their preferred method of fit (i.e.,
using a backpack or miner’s belt to house the equipment); how
long they wanted to wear the device; what tasks they wanted to
do; and length of time they wanted to wear it. In addition, if the
technology malfunctioned, it did not affect the organization or
the worker because the sampling effort was voluntary and per-
formed as a proactive activity on site.

4.2.2 Flexibility during CPDM Implementation

The initial development of both technologies was discussed
earlier, and although both had initial feedback from workers
and stakeholders, because the CPDM technology was re-
quired to be worn a certain amount of time to comply with a
regulatory requirement, there was less flexibility in its imple-
mentation. The initial constraints perceived by workers and
the organization caused hesitation at the onset of CPDM im-
plementation, but were eventually overcome. Specifically, the
development and design of the technology was more of a
concern for workers because they had to wear the technology
in combination with many other devices around their miners’
belts for consecutive work shifts. For example, one shuttle car
driver (an ODO position) stated, “We’re on our second round
using these. I mean, it’s bulky to me — the size is very big. But

I shouldn’t complain because I can just hang it up in my car or
put it next to me and he [pointing] can’t do that.” Similarly,
managers discussed wearability as a general issue that they
have to address during the initial integration period. One man-
ager said, “Now that miners seem to be getting used to the
device a little more, an ongoing issue is to determine how
individuals prefer wearing the CPDM.”

As a result, the wearability and comfort of the device was
the biggest obstacle that workers had to overcome and a focus
of discussion during the first visit. However, by the second
visit and after learning how to interpret their dust data,
workers had a more positive perception of what the CPDM
could offer. After becoming more familiar with their CPDM
screens, workers felt more comfortable about their exposure
levels. One continuous mining machine operator shared about
one experience wearing the CPDM, “That day I was at 38%
after a cut and a half. We were being safe so I wouldn’t be
overexposed. So that’s nice that we can check where we’re
at.” Many workers shared similar sentiments, expressing that
there is usually “plenty of room to play with if something
happens” that causes a lot of dust.

Although workers appreciated information that the technol-
ogy could offer, the rules behind its use were still in the back
of their minds. Mainly, workers discussed the responsibility
that comes with wearing the costly CPDM. As one worker
said, “What I hate the most is it’s a lot of responsibility...
I’'m responsible for taking care of an expensive piece of tech-
nology. It’s something extra I have to worry about and keep up
with. I’'m a miner, I didn’t think I’d be having to worry about
this, it just makes me uneasy when I have to have it with me.”
Along with workers worrying about keeping the technology in
working order, managers also had preliminary concerns about
workers being distracted by the technology, posing a risk to
workers’ personal safety. To illustrate, one manager said, “I
think these guys are so distracted when they’re wearing it to
make sure they’re not out of compliance that knowing when
they’re going or might be going over would be good. It would
limit their distractions on the job.”

This feedback illustrates that there was more on the mind of
these workers who were using the CPDM to comply with
formal rules than simply protecting their health. In other
words, the results between the two technologies regarding
the flexibility of use on site showed that the implementation
of a regulated technology is a little more complex at first and
can disrupt social processes on site. Eventually, however, per-
ceptions of the technology improve, especially after realizing
the health information and protection being provided.

4.3 Structuring of Communication for Designing
the In-Between

Results also showed the importance of clear communication
paths among social factors, including among coworkers and
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between workers and managers. Providing a structured mech-
anism for workers to interact with and learn from the technol-
ogies was critical, as was managers supporting these efforts
among their employees. Results showed that it is critical for
the organization and management to provide space for every-
one to learn how technologies work and what the output
means. In both cases, after workers learned new information
that could be used immediately to reduce their exposure to
respirable dust, their perceptions of the technology improved
as well as their protective health behaviors.

4.3.1 Coworker Interactions and Behavior Maintenance

Even if unpredictability exists when organizational changes
are introduced, workers that are part of any STS are still work-
ing toward common goals [11]. Although a common goal was
not as established during the Helmet-CAM case studies,
workers did say that the information would help crews per-
form their jobs safer. For example, one worker said, “We can
use this [dust information] to make decisions that are best for
us, because our supervisors don’t do the jobs, we do.” There
was a stark contrast in the CPDM studies, however; the sense
of a collective goal was particularly evident because everyone
wanted their coworkers to be in compliance so that the sam-
pling period for each quarter would go more quickly.
Specifically, wearers of the CPDM mentioned learning and
informing each other about dust hazards, which rarely oc-
curred prior to the CPDM [78]. One worker said that commu-
nication has definitely increased among his coworkers to help
comply with the new regulation: “We definitely communicate
more. We (the roof bolter) all talk to each other before and
after shifts — when we’re changing out — we’ll say what we
were in the time before. We try to help each other.” These
extra interactions were prevalent especially during shift
changes, to prevent out-of-compliance samples for the incom-
ing crew. For example, these workers indicated that they often
look at each other’s posted dust data cards after being off for a
day so they can be aware of what might be going on under-
ground. In response to this technology, “Everyone in the mine
is more aware of each other’s behaviors and how it can affect
each other underground.”

Although workers wearing the CPDM discussed an en-
hanced awareness and communication among their work
crews, their end goal was to stay in compliance while wearing
the CPDM rather than adhering to any sort of internal value.
For this reason, when asked if workers would continue dust-
reducing practices when they did not have to wear the CPDM,
of the 33 responses from the CPDM case studies (2 were not
present on our follow-up visits), 21 workers (64%) said “yes”
and 12 workers (36%) said “no.” In contrast, workers who
had tried the Helmet-CAM all said that they would wear it
again in the future, and during follow-up assessments with
managers they reported changes made by all of the
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participating workers. These results support the notion that
workers’ intrinsic H&S values can be a greater motivator in
behavior maintenance than external pressures by the organi-
zation or regulatory measures in place.

4.3.2 Management and Worker Interactions
around Technology

Although most workers had no complaints about their su-
pervisory support for dust control resources, they also had
little to report about communicative support and informa-
tion from their management. Regarding the CPDM case
studies, when asked what he knew about the CPDM, one
worker said, “We weren’t really told anything, just that we
were going to have to wear it.” There was consistent feed-
back from workers about minimal planning, communica-
tion, and coordination on behalf of organizational manage-
ment about the upcoming regulatory change that was requir-
ing this technology. Then, upon wearing the CPDM, these
same workers expressed minimal communication and feed-
back about their dust data cards. In addition, some workers
were disappointed in the lack of a coordinated response plan
to maintain low exposures. For example, one worker
discussed his ongoing stress about being overexposed while
wearing the CPDM. He provided this example: “I was in at
9:00 a.m. and was already at 20% [exposure for the day] so I
called my manager. I thought it might not be working right.
It seemed like an excessive concentration value to me. It
wasn’t and I was fine that day. I didn’t realize how much
exposure you get just going in the mantrip and my manager
just had to help me understand the readings.”

Workers’ feedback regarding the Helmet-CAM had a sim-
ilar tone, but because it did not impact workers’ abilities to
perform their jobs, the Helmet-CAM did not receive as much
censure among workers. However, room for more structured
communication was evident during these interventions, and
the Helmet-CAM technology was shown to be a viable meth-
od to improve communication between workers and man-
agers. For example, one worker discussed how the enhanced
communication with his supervisor has increased his aware-
ness and personal behaviors on the job when he said, “T’ve
become much more aware through personal interactions with
my supervisors on site. When I first started here I hadn’t given
dust much thought. I’ve been made aware and understand the
consequences.” In addition, workers noticed and appreciated
when their supervisors took action based on feedback
displayed in the EVADE software. Actions included purchas-
ing newer work equipment such as haul trucks, H&S equip-
ment such as a clothes cleaning booth, or reminding workers
of increased exposure during trigger work practices such as
housekeeping activities. As a result, workers noted improving
work practices.
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5 Discussion

Specific to the mining industry, STS research has shown that
internal regulation of a work system is preferable to external
regulation of individual workers by their supervisors [3]. This
finding is further validated by the current intervention results
for both technologies, where workers reported intrinsic values
having a greater impact on their maintained technology use
and subsequent decision making than external regulation by
their supervisor, organization, or rulemaking, which tended to
have an eventually positive, but short-term impact on changes
to work practices. However, there are still implications from
these two case studies that inform how more stability in an
STS’s social processes can aide in the implementation of new
technical factors at a mine site while also adhering to changes
in the overall environment.

Specifically, when any new technology is introduced on
site, the choice that organizations and workers make is not a
choice between adopting and not adopting; rather, the choice
is between adopting now or deferring until later [80]. The
results show that the technologies were adopted by workers
at different rates, due to issues such as regulatory measures,
design of the technology, and organizational support. The
subsequent discussion focuses on using principles of meta-
design to adopt new technological products and processes
sooner rather than later.

5.1 Establishing a Collective Social System

The comparison between these worker-technology-
organizational interventions shows how social factors can be
impacted in two different work environments. It is not surpris-
ing that any new regulation, technology, or procedure can
disrupt social processes when trying to meet a new require-
ment. However, the current results demonstrate that the inter-
play of the social factors (i.e., the inter-organizational interac-
tions) are seldom given as much attention as just the worker-
technology interaction (infra-organizational interactions). We
argue that focusing on the interplay of the social processes to
improve communication and participation during technology
development and implementation may be useful. This argu-
ment is consistent with other research, showing that technical
designs or developments that are flexible and facilitate social
processes can create a stronger system during times of change
[81, 82]. Some considerations to undertake such an approach
are outlined below.

5.2 Maintaining Underdesign and Flexibility When
Possible

The differences in the implementation and openness toward
the two technologies provide keen insights into the benefits of
underdesigning a system to be adaptable, allowing the

technology to serve as an emergent property of the organiza-
tion [83]. Much research on new technologies in mining has
discussed either the organization’s or workers’ abilities to
“work around the technology” to ensure compliance [65,
84-86]. According to Coiera [83], any workaround is essen-
tially an implicit signal of a need by users and shows the
strengths and weaknesses of a technical factor already
impacting workers’ behaviors to make do with the technology.
Coiera [83] went on to argue that workarounds most often
occur when there is a pressing need to make something work
that is not functioning consistently or correctly. This may be
an issue when a regulation is present, requiring workers to
make a technology work, or appear to be using it, to comply
with the rules.

Notably, there are effective options to aid in the
underdesign of a system at mine sites. First, research has
shown that when appropriately designed, environmental pol-
icy can strongly affect both technological progress and the
diffusion of less invasive technologies [87]. Regulatory agen-
cies already abide by this suggestion, providing ample time to
provide public comments on proposed rules. Also, reliable
technology development can take a long time, and obviously
if a regulation comes before the technology is available, main-
taining an adaptable system is not always possible. However,
results from both case studies lend themselves to the positive
outcomes of increased participation from workers during tech-
nology design and even pre-implementation. For example,
workers were able to give feedback on the Helmet-CAM
and CPDM during the initial design phases and during the
development of their respective updated versions. In addition,
for the CPDM, the MSHA regulation allotted a grace period of
18 months for the industry to integrate this technology. Even
this grace period written into regulations provides some initial
flexibility for organizations to identify and mitigate potential
problems. Allowing workers to use a technology prior to a
regulation or formal work rule being established may aid in
participation later. This is a practice that regulatory agencies
and mine companies can work together on, to ensure organi-
zations and workers have time to learn how to use and respond
to information from the technology. Other research in mining
has discussed this approach while examining unintended con-
sequences of new technologies [88].

5.3 Improving Management Interactions

Of importance is the identified missing link of managers’ roles
within the entire STS and, specifically, within social process-
es. Results showed that active participation on behalf of
workers and managers is imperative whenever any new pro-
cess is implemented on site. More so, new technology can
even function to improve and facilitate social processes on site
about H&S, creating a collective evolution of knowledge and
action [81]. Specifically, when managers took a more active
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role in the implementation of the technology at the ground
level, particularly following up with workers about dust expo-
sure and asking for their expert feedback in mitigating expo-
sure sources in the future, workers perceptions changed, as
evident in both the quantitative and qualitative case study
feedback.

Although not emphasized in previous research, STS theory
espouses a view that supervisors or even veteran workers have
a role in designing organizational processes [20]. This is be-
cause STS processes, particularly in meta-design, are not
predetermined and supervisors have some choice in how their
system is implemented [88]. These results show that building
in more structured interaction points throughout the day
would be helpful for workers whether trying to use a technol-
ogy for compliance purposes or not. Mainly, an increase in site
wide communication during the development and implemen-
tation of a new technology can aid technology integration
while leveraging workers’ intrinsic health values. However,
this takes persistence among mine management, as under-
standing where each worker is at in his or her awareness of a
specific health risk, and knowledge of the specific technology,
are both important to structuring tailored communication ef-
forts that resonate with employees.

Figure 7 presents a modified STS model to emphasize in-
teraction points and relationships that can occur during tech-
nology implementation to better stabilize and prepare mines
for new innovations. As Fig. 7 shows, the added red arrows
illustrate that an STS is not linear, meaning that the environ-
mental system does not strictly push down to the social and
technical factors to later push down to individual and organi-
zational outcomes. Rather, the results and differences in both
case studies demonstrate the need for a flexible system that

Environmental System:

Industry, government, etc.

"

Social System: 7(Technical System:\
Safety culture Equipment, design
and work rules methods and
Coworker limitation criteria,
interactions technologies and
tools, techniques,
physical ability, etc.

Worker-manager
interactions

Organizational Outcomes:
H&S performance, Ieading indicators, etc.

Fig. 7 Proposed meta-design STS framework for mine organizations
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allows action-based participation from workers and managers
to make improvements to technology and, as a result, may
influence certain regulatory guidelines. Providing the organi-
zation an opportunity to inform rules and processes that may
impact them is helpful in tailoring innovations for any envi-
ronment [17]. In addition, Fig. 7 also distinguishes various
social processes that are important to maintain when any tech-
nological or environmental change is introduced at a mine.
Although the original figure depicted these implicit connec-
tions, results of the current research show that organizations
may not always remember the roles that these varying indi-
viduals and groups have in the success or failure of technology
implementation. Finally, this figure fuses the social and tech-
nical factors to depict the truly interdependent relationship
among workers, the organization, and technologies.

6 Conclusion

This paper sought to extend STS theory through applying
principles of meta-design to analyze the results of two
technology-based case study interventions. Results revealed
gaps in the inter-organizational communication necessary to
address challenges to introducing new technologies, especial-
ly if and when accompanying a new regulation or formal work
process.

6.1 Limitations

Although the results showed promise in using meta-design to
improve the stability of an STS to prepare for changes to the
system, there are limitations. First, these two case studies ad-
dressed a similar health issue but in different circumstances
including the commodity being mined, regulations around
dust control and exposure, and the use of regulated or
compliance-assistance technologies. Specifically, the CPDM,
although a lengthy implementation, was ultimately a required
technology in comparison to the Helmet-CAM technology,
which had the space to evolve without the constraints of a
regulatory requirement. Due to the timeline and usability dif-
ferences with these two technologies, it is obvious that there
are more differences beyond that of the organizational issues
discussed and are beyond the scope of this paper. However,
pertaining to the organizational issues, because the adoption
processes for workers was similar regarding the stages of
using and responding to the technology output, it is likely that
comparing these two case studies was a valid approach to
studying meta-design STS. Still, with the small sample and
absence of formal design and wearability issues, these results
cannot be generalized to the greater mining industry, and rath-
er should be considered by individual mine organizations as a
potential learning tool when a new technology or process is
introduced on site.
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6.2 Future Directions

Ultimately, these results argue for the necessary attention to
the social and organizational factors within the STS through
the inclusion of metadesign principles. The results show that,
regardless of whether a technological innovation is regulated
or not, factors of the STS eventually coevolve until they fit
into the mine environment. However, because the develop-
ment of technology appears to occur as a single event while
the dissemination of the technology is a continuous, slow
process [80], a meta-design framework is an important con-
sideration. Although an iterative process to technology design
may occur, there are aspects that can be improved through
equal involvement on the social systems side. Mainly, it is
important to take time to proactively prepare the social factors
for upcoming changes in the technical factors. This can be
done through soliciting active participation from workers,
which improved personal proactivity and intrinsic values in
the current case studies. In addition, any level of flexibility
that can be afforded to workers when implementing a new
wearable technology—from how they wear to how long they
have to wear the unit—can be useful at the initial onset of
learning the technology’s capabilities. Finally, managers
should play a more active role in maintaining the social pro-
cesses within the STS through increased communication
about the technology, including its purpose and what the out-
puts of the technology communicate to workers about their
health. Through using the meta-design STS principles to im-
prove the identified inter-organizational communication gaps,
it is possible that mine organizations can foster a more adap-
tive culture and be better prepared for not just new assessment
technologies, but other integral innovations such as advance-
ments in automation and big data analytics.

Compliance with Ethical Standards

Disclaimer The findings and conclusions in this report are those of the
author(s) and do not necessarily represent the official position of the
National Institute for Occupational Safety and Health, Centers for
Disease Control and Prevention.

Conflict of Interest The authors declare that they have no conflict of
interest.

References

1. Worden C, Lombardo K (2017) Situational awareness: The often-
ignored hazard control. Institute for safety and health management.
https://ishm.org/situational-awareness-often-ignored-hazard-
control/. Accessed August 31,2018

2. Trist EL (1981) The sociotechnical perspective: the evolution of
sociotechnical systems as a conceptual framework and as an action
research program. In: VanDeVen AH, Joyce WF (eds) Perspectives
on organization design and behavior. Wiley, New York

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Trist EL, Bamforth KW (1951) Some social and psychological
consequences of the longwall method of coal-getting: an examina-
tion of the psychological situation and defences of a work group in
relation to the social structure and technological content of the work
system. Hum Relat 4(1):3-8

Cecala AB, O’Brien AD (2014) Here comes the Helmet-CAM.
Rock Products, October Issue:26-30

Trist E, Murray H (1993) The socio-technical perspective.
University of Pennsylvania Press, Philadelphia

Harrisson D, Legendre C (2003) Technological innovations, orga-
nizational change and workplace accident prevention. Saf Sci
41(4):319-338

Fischer G, Herrmann T (2011) Socio-technical systems: a meta-
design perspective. Int J Sociotechnol Knowl Dev 3(1):1-33
Emery FE (1959) Characteristics of sociotechnical systems.
Tavistock, London

Walker GH, Stanton NA, Salmon PM, Jenkins DP (2008) A review
of sociotechnical systems theory: a classic concept for new com-
mand and control paradigms. Theor Issues Ergon Sci 9(6):479-499
Kleiner BM, Hettinger LJ, DeJoy DM, Huang YH, Love PE (2015)
Sociotechnical attributes of safe and unsafe work systems.
Ergonomics 58(4):635-649

Carayon P, Hancock P, Leveson N, Noy I, Sznelwar L, Van
Hootegem G (2015) Advancing a sociotechnical systems approach
to workplace safety—developing the conceptual framework.
Ergonomics 58(4):548-564

Mumford E (2006) The story of socio-technical design: reflections
on its successes, failures and potential. Inf Syst J 16(4):317-342
Coglianese C, Nash J, Olmstead T (2004) Performance-based reg-
ulation: prospects and limitations in health, safety, and environmen-
tal protection. Adm Law Rev 55(4):705-729

Glover AN, Morse DE (2000) Minerals and materials in the 20th
century—a review. USGS Minerals Yearbook

Kerr S, Newell RG (2003) Policy-induced technology adoption:
evidence from the US lead phasedown. J Ind Econ 51(3):317-343
Nieto A, Duerksen A (2008) The effects of mine safety legislation
on mining technology in the USA. Int J Min Miner Eng 1(1):95—
103

Jaffe AB, Newell RG, Stavins RN (2003) Technological change
and the environment. In: KG Maler, Vincent JR(eds) Handbook
of environmental economics (Vol 1). Elsevier Science

Appelbaum SH (1997) Socio-technical systems theory: an interven-
tion strategy for organizational development. Manag Decis 35(6):
452463

Kaghan WN, Bowker GC (2001) Out of machine age?: complexity,
sociotechnical systems and actor network theory. J Eng Technol
Manag 18(3-4):253-269

Kull TJ, Ellis SC, Narasimhan R (2013) Reducing behavioral con-
straints to supplier integration: a socio-technical systems perspec-
tive. J Supply Chain Manag 49(1):64-86

Hutchins E (1995) Cognition in the wild. Massachusetts Institute of
Technology Press, Cambridge

Rasmussen J (1997) Risk management in a dynamic society: a
modelling problem. Saf Sci 27(2-3):183-213

Stanton NA, Salmon PM, Walker GH (2015) Let the reader decide:
a paradigm shift for situation awareness in sociotechnical systems. J
Cogn Eng Decis Mak 9(1):44-50

Habermas J (1981) The theory of communicative action: reason and
the rationalization of society. Beacon Press, Boston

Luhmann N (1995) Social systems. Stanford University Press,
Stanford

Fischer G, Herrmann T (2015) Meta-design: transforming and
enriching the design and use of socio-technical systems. In
Randall D, Schmidt K, Wulf V (eds) Designing socially embedded
technologies: a European challenge. Retrieved from http://13d.cs.
colorado.edu/~gerhard/papers/2014/eusset.pdf

@ Springer


https://ishm.org/situational-awareness-often-ignored-hazard-control/
https://ishm.org/situational-awareness-often-ignored-hazard-control/
http://l3d.cs.colorado.edu/~gerhard/papers/2014/eusset.pdf
http://l3d.cs.colorado.edu/~gerhard/papers/2014/eusset.pdf

726 Mining, Metallurgy & Exploration (2019) 36:709-727

27.  Fischer G, Giaccardi E (2006) Meta-design: a framework for the 46. Yin RK (2011) Applications of case study research. Sage,
future of end-user development. In: End user development. Thousand Oaks
Springer, Dordrecht, pp 427-457 47. DOL (2016) Occupational exposure to respirable crystalline silica.

28. Suchman LA (1987) Plans and situated actions: the problem of Department of Labor, Occupational Safety and Health
human-machine communication. Cambridge University, Administration; 81 Fed. Reg. 16285 (March 25, 2016). (to be cod-
Cambridge ified at 29 CFR Parts 1910, 1915, and 1926)

29. Chemns A (1987) Principles of sociotechnical design revisited. Hum 48. Cecala AB, Reed WR, Joy GJ, Westmoreland SC, O’Brien AB
Relat 40(3):153-161 (2013) Helmet-Cam: tool for assessing miners’ respirable dust ex-

30. Fischer G (2010) Extending boundaries with meta-design and cul- posure. Min Eng 65(9):78-84
tures of participation. In: Proceedings of the 6th Nordic Conference 49. NIOSH (2014) Guidelines for performing a Helmet-CAM respira-
on Human-Computer Interaction: Extending Boundaries, pp 168— ble dust survey and conducting subsequent analysis with the en-
177. ACM hanced video analysis of dust exposures (EVADE) software. By

31. Kensing F, Blomberg J (1998) Participatory design: issues and con- Reed WR, Kwitowski AJ, Helfrich W, Cecala AB, Joy GJ.
cerns. Comput Support Coop Work (CSCW) 7(3-4):167-185 Pittsburgh, PA: U.S. Department of Health and Human Services,

32. Nardi BA (1993) A small matter of programming. The MIT Press, Centers for Disease Control and Prevention, National Institute for
Cambridge Occupational Safety and Health, DHHS (NIOSH) Publication No.

33. Fischer G, Piccinno A, Ye Y (2008) The ecology of participants in 2014133
co-evolving socio-technical environments. In: Forbrig P, Paterno F 50. Joy G (2013) VEM goes mobile: “Helmet-cam” allows video ex-
(eds) Engineering Interactive Systems (Proceedings of 2nd posure monitoring for mobile workers. Synergist 24(3):24-27
Conference on Human-Centered Software Engineering),Volume 51. Cecala AB, Azman A, Bailey K (2015) Assessing noise and dust
LNCS 5247, Springer, Heidelberg, pp 279-286 exposure. Aggr Manager 20(9):32-37

34. Preece J, Shneiderman B (2009) The reader-to-leader framework: 52. Haas EJ, Willmer DR, Cecala AB (2016) Formative research to
motivating technology-mediated social participation. AIS Trans reduce mine worker respirable silica dust exposure: a feasibility
Hum Comput Interact 1(1):13-32 ) ) study to integrate technology into behavioral interventions. Pilot

35. Fls.che.r G (2007) M.eta—dfamgn: expanding boundaries and Feasibility Studies 2(6):11
redistributing Conle m d,eSlgn' In ¥FIP Conference on Human- 53. Grant AM, Parker S, Collins C (2009) Getting credit for proactive
Cor{lputer Interaction, Spnnger., Berlin, pp 193-206 ) behavior: supervisor reactions depend on what you value and how

36. Sghoq DA.(1983) The reflective practitioner how professionals you feel. Pers Psychol 62(1):31-55
think in action. Routledg@ P.ress, London , 54.  Thompson JA (2005) Proactive personality and job performance: a

37. Br‘tmd S (1995) How buildings learn: what happens after they're social capital perspective. J Appl Psychol 90(5):1011-1017
built, Penguin Books, New York 55. Crant JM (2000) Proactive behavior in organizati J M

. . ganizations. anag

38.  Fischer G (2002) Beyond “couch potatoes”: From consumers to 26(3):435-462
designers and active contributors. First Monday. Retrieved from . . le and obicctive iob
http://firstmonday.org/article/view/1010/931. Accessed on 56, Crant M (1995) The proactive personality scale and objec . 10

performance among real estate agents. J Appl Psychol 80(4):532—
September 14, 2018 . 537

39. Herrmann T, Hoffmann M, Kunau G, Loser K (2.004) A modellpg 57.  Cronbach LJ (1951) Coefficient alpha and the internal structure of
method for the development of groupware applications as socio- . )
technical systems. Behav Inform Technol 23(2):119-135 tests. Psychometrika 16(3):297-334 .

40. Salmon PM., Stanton NA, Walker GH, Jenkins D, Ladva D, 58. Janz NK, Becker MH (1984) The health belief model: a decade
Rafferty L, Young M (2009) Measuring situation awareness in later. Health Educ Q 11(1):1-47 . .
complex systems: comparison of measures study. Int J Ind Ergon 59. Krueger R’ Casey M (2009) Focus groups: a practical guide to
39(3):490-500 applied science. Sage, Thousand Oaks

41. Herrmann T, Hoffmann M (2005) The metamorphoses of workflow ~ 00-  Bowen DE, Ostroff C (2004) Understanding HRM—firm perfor-
projects in their early stages. Comput Supported Coop Work 14(5): mance linkages: the role of the “strength” of the HRM system.
399-432 Acad Manag Rev 29(2):203-221

42. Hess J, Randall D, Pipek V, Wulf V (2013) Involving users in the 61. Code of Federal Regulations (30 CFR Parts 70, 71, 72, 75, and 90).
wild—participatory product development in and with online com- Lowering mineworkers’ exposure to respirable coal mine dust, in-
munities. Int J Hum Comput Stud 71(5):570-589 cluding continuous personal dust monitors. Mine Safety and Health

43. NIOSH (2012) Dust control handbook for industrial minerals min- Administration, Department of Labor. RIN 1219-AB64
ing and processing. By Cecala AB, O’Brien AD, Schall J, Colinet 62. Patashnick H, Rupprecht G (1983) Personal dust exposure monitor
JF, Fox WR, Franta RJ, Joy GJ, Reed WR, Reeser PW, Rounds JR, based on the tapered element oscillating microbalance. Bureau of
and Schultz MJ. Pittsburgh, PA: U.S. Department of Health and Mines, US Department of the Interior
Human Services, Centers for Disease Control and Prevention, 63.  NIOSH (2004) Volkwein JC, Vinson RP, McWilliams LJ, Tuchman
National Institute for Occupational Safety and Health, DHHS DP, Mischler SE. Performance of a new personal respirable dust
(NIOSH) Publication No. 2012—-112. http://www.cdc.gov/niosh/ monitor for mine use. Report of Investigations 9663. DHHS
mining/UserFiles/works.pdfs/ri9689.pdf (NIOSH) Publication No. 2004-151

44, NIOSH (2010) Best practices for dust control in coal mining. By ~ 64. NIOSH (2006) Volkwein JC, Vinson RP, Page SJ, McWilliams LJ,
Colinet JF, Rider JP, Listak JM, Organiscak JA, and Wolfe AL. Joy GJ, Mischler SE, Tuchman DP. Laboratory and field perfor-
Pittsburgh, PA: U.S. Department of Health and Human Services, mance of a continuously measuring personal respirable dust moni-
Centers for Disease Control and Prevention, National Institute for tor. Report of Investigations 9669. DHHS (NIOSH) Publication No.
Occupational Safety and Health, DHHS (NIOSH) Information 2006-145
Circuluar 9517. https://www.cdc.gov/niosh/mining/userfiles/ 65. Peters RH, Vaught C, Hall EE, Volkwein JC (2007) Miners’ views
works/pdfs/2010-110.pdf about personal dust monitors. J Int Soc Respir Prot 24(3/4):74

45. Hoyos CG, Zimolong B (1988) Occupational safety and accident 66. Williams GC, Deci EL (1996) Internalization of biopsychosocial

prevention: behavioral strategies and methods. Elsevier Science
Publishers, New York

@ Springer

values by medical students: a test of self-determination theory. J
Pers Soc Psychol 70(4):767-779


http://firstmonday.org/article/view/1010/931
http://www.cdc.gov/niosh/mining/UserFiles/works.pdfs/ri9689.pdf
http://www.cdc.gov/niosh/mining/UserFiles/works.pdfs/ri9689.pdf
https://www.cdc.gov/niosh/mining/userfiles/works/pdfs/2010-110.pdf
https://www.cdc.gov/niosh/mining/userfiles/works/pdfs/2010-110.pdf

Mining, Metallurgy & Exploration (2019) 36:709-727

727

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

Black AE, Deci EL (2000) The effects of instructors' autonomy
support and students’ autonomous motivation on learning organic
chemistry: a self-determination theory perspective. Sci Educ 84(6):
740-756

Strauss J, Ryan RM (1987) Autonomy disturbances in subtypes of
anorexia nervosa. J] Abnorm Psychol 96:254-258

Ryan RM, Patrick H, Deci EL, Williams GC (2008) Facilitating
health behaviour change and its maintenance: interventions based
on self-determination theory. Eur Health Psychol 10:2—5

Boyatzis RE (1998) Transforming qualitative information: thematic
analysis and code development. Sage Publication, Thousand Oaks
Charmaz K (2006) Constructing grounded theory: a practical guide
through qualitative analysis. Sage, Thousand Oaks, CA

Patton MQ (2002) Designing qualitative studies. Qualitative
Research and Evaluation Methods 3:230-246

Haas EJ, Mattson M (2015) Metatheory and interviewing: harm
reduction and motorcycle safety in practice. Lexington Press,
Lanham

Haas EJ, Cecala AB (2017) Quick fixes to improve worker’s health:
results using engineering assessment technology. Min Eng 69(7):
105-109

Haas EJ, Cecala AB (2015) Beyond assessment: Helmet-CAM
technology influencing dust exposure awareness and response.
Rock Products, November Issue, 2829

Haas EJ, Colinet J (2018) Miners implement corrective actions in
response to CPDM dust data. Coal Age, March Issue, 3638
Haas EJ, Helton J (2017) How miners in low coal respond to the
CPDM. Mining People Magazine, April/May:42—44

Haas EJ, Willmer DR, Meadows J (2016) Using CPDM dust data.
Coal Age 121(2):40-41

Personal communication (2018) EVADE 1.0 versus EVADE 2.0
downloads from 2015 — present. Email communication with
NIOSH computer engineers on September 12, 2018

80. Hall BH, Khan B (2003) Adoption of new technology. No. w9730.
National bureau of economic research

81. Harris LC, Ogbonna E, Goode MMH (2008) Intra-functional con-
flict: an investigation of antecedent factors in marketing functions.
Eur J Mark 42(3-4):453-476

82. Pasmore WA (1995) Social science transformed: the socio-
technical perspective. Hum Relat 48(1):1-21

83. Coiera E (2007) Putting the technical back into socio-technical
systems research. Int J Med Inform 76:S98-S103

84. Haas EJ, Rost KA (2015) Integrating technology: learning from
mine worker perceptions of proximity detection systems. Print
Proceedings of the 144th Annual Society for Mining, Metallurgy,
& Exploration Conference held in Boulder, CO, 15-18 February
2015

85. Haas EJ, DuCarme AB (2015) A different perspective: NIOSH
researchers learn from CM operator responses to proximity detec-
tion systems. Coal Age, October Issue, 34-35

86. Reynolds LE, Blackley DJ, Colinet JF, Potts D, Storey E, Short C,
Carson R, Clark KA, Laney AS, Halldin CN (2018) Work practices
and respiratory health status of Appalachian coal miners with pro-
gressive massive fibrosis. J Occup Environ Med 60:e575-e581.
https:/doi.org/10.1097/JOM.0000000000001443

87. Perino G, Requate T (2012) Does more stringent environmental
regulation induce or reduce technology adoption? When the rate
of technology adoption is inverted U-shaped. J Environ Econ
Manag 64:456-467

88.  Trist EL, Higgin GW, Murray H, Polloch AB (1963) Organizational
choice. Tavistock, London

Publisher’'s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1097/JOM.0000000000001443

	Comparing the Implementation of Two Dust Control Technologies from a Sociotechnical Systems Perspective
	Abstract
	Introduction
	A Review of Sociotechnical Systems
	Social and Technical Factors
	Formal or Regulated Processes as Environmental Factors
	Meta-Design Interventions for STS
	Culture of Participation
	Empowerment for Adaptation and Evolution
	Evolutionary Growth
	Underdesign
	Structuring of Communication for Designing the In-Between

	Applying Meta-Design Principles to Two Worker-Technology-Organizational Interventions

	Methods
	Case Study 1: Helmet-CAM Technology to Reduce Exposure to Respirable Silica Dust
	Guidance on Respirable Crystalline Silica Dust Exposure
	Development of Helmet-CAM and EVADE Technology

	Helmet-CAM Technology Intervention
	Pre/Post Health and Safety Survey, Interview, and Debrief with Miners
	Focus Groups and Helmet-CAM Debriefs with Management
	Participants

	Case Study 2: CPDM Technology to Reduce Exposure to Respirable Coal Dust
	Guidance on Respirable Coal Dust Exposure
	Overview of CPDM Technology

	CPDM Intervention
	Surveys, Interviews, CPDM Use, and Dust Data Debrief with Coal Miners
	Focus Groups and CPDM Debriefs with Management
	Participants

	Analysis of Quantitative and Qualitative Data

	Results
	Participation in Identifying Sources of Respirable Dust
	Participation in Using Helmet-CAM and EVADE
	Participation in Using the CPDM

	Empowerment for Adaptation to Dust Control Technology and Evolution in its Design and Use
	Flexibility During Helmet-CAM Implementation
	Flexibility during CPDM Implementation

	Structuring of Communication for Designing the In-Between
	Coworker Interactions and Behavior Maintenance
	Management and Worker Interactions around Technology


	Discussion
	Establishing a Collective Social System
	Maintaining Underdesign and Flexibility When Possible
	Improving Management Interactions

	Conclusion
	Limitations
	Future Directions

	References


