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Objective: This research used systems leadership to explore stakeholder engage-
ment regarding requirements, incentives and barriers to adopting a faecal source
tracking method to identify contamination sources in surface waters.

Setting: The research comprised two branches, one quantitative, conducted in
a food and water laboratory; the other qualitative, conducted within stakeholder
organisations and meeting premises.

Participants: Ten stakeholder representatives participated in semi-structured
interviews and ten in a focus group. Seven individuals participated in both activi-
ties while three who were interviewed were replaced by alternate representatives
for the focus group.

Design: A multimethod participatory action research project was completed,
with a quantitative trial of a microbial source tracking method conducted concur-
rently with two iterations of qualitative research into the needs of the stakeholder
system through semi-structured interviews and a focus group.

Results: Thematic analysis of stakeholder interviews yielded key incentive and
barrier themes, while the laboratory trial created a comparison library and tested
the efficacy of the laboratory method. The focus group further explored key
themes and identified requirements for collaborative effort across the system, and
the need to address misinterpretation of statistical associations.

Conclusion: Systems leadership was effective in exploring stakeholder interest
in the proposed faecal source tracking method. Two iterations of qualitative re-
search helped to identify the needs of individual stakeholders, and then develop
collective strategies for addressing the critical incentives and barriers.
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1 | INTRODUCTION

Surface waters used for recreation and industry are in-
creasingly affected by human development, and stake-
holders responsible for these waters are seeking greater
clarity on the origin of contamination when regulatory
standards are not met."” Current regulatory testing only
identifies non-compliance with regulatory guidelines,
while identification of contamination sources through
faecal source tracking (FST) could potentially contribute
to more efficient remediation responses.

The Public Health Laboratory (PHL) is a food and
water microbiology laboratory in Tasmania, which con-
ducts regulatory testing across the island state to meet
marine lease>* and public health guidelines,” among oth-
ers. The PHL is part of Public Health Services, which is
responsible for protecting the population from public and
environmental health hazards, and is located in Hobart, a
linear city on the banks of the Derwent River. The beaches
are monitored by the Derwent Estuary Program, which
is a regional partnership between local governments, the
Tasmanian Government, commercial and industrial en-
terprises, and community-based groups. In a preliminary
cycle of research, a Derwent Estuary Program working
group considered multiple chemical and microbiological
FST methods and identified PhenePlate® as potentially
suitable, affordable and within the scope of the PHL to
develop.”®

A range of systems thinking tools was used to analyse
the regulatory compliance system from multiple perspec-
tives, including rich picture, systems mapping, behaviour
over time graphs, connection circles, causal loop dia-
grams, identification of leverage points, unintended con-
sequences and specific actions.”'° These activities helped
define the system, identifying elements, interactions and
boundaries which contributed to the planning and initi-
ation of a participatory action research (PAR) approach.

Stakeholders in the regulatory compliance system
were grouped as regulatory authorities, intermediate au-
thorities and end-users of surface waters. The regulatory
authorities are State Government departments with leg-
islated responsibility for regulation, while intermediate
authorities included the Tasmanian water authority and
industry bodies, which exercise both oversight and co-
ordination. The end-users subject to regulation include
Local Government councils and marine farmers. The
overlapping needs of these stakeholders are based on dif-
fering motivations including public health, environmental
health, regulatory and commercial interests in rural and
urban areas. Additionally, laboratories provide relevant
services to the stakeholders, and external groups such as
the media, political representatives and the public, may
influence the system.

What is already known on this subject:

« There is significant interest in being able to de-
termine the source of faecal contamination in
water to assist remediation. A variety of meth-
ods have been proposed with varying degrees of
expense and success

 Stakeholder engagement and participation is
increasingly valued in health care environ-
ments. Participatory action research is fre-
quently reported as a mechanism for achieving
these goals

« Systems leadership has been successfully ap-
plied to effect progress in complex systems
and is promoted for complex situations where
central authority is absent and cooperative rela-
tionships are required for progress

What this study adds:

» Describes a novel application of participa-
tory action research and systems leadership
to a laboratory and regulatory compliance
environment

» Explores how potential barriers to stakeholder
acceptance can be overcome by engagement,
education and collaboration to identify com-
pensating strategies

« Demonstrates an effective approach to gaining
engagement, assessing a proposed intervention
and achieving consensus for future action

Due to the complexity and non-hierarchical nature
of the regulatory compliance system, no single stake-
holder has direct authority over any other, and top-
down decision-making is not appropriate. Instead, a
combination of systems leadership and PAR offered a
promising way of evaluating a novel laboratory method
for meeting the needs of diverse stakeholders. Systems
leadership involves leading across boundaries between
organisations or structural groupings, where the leader
does not have hierarchical authority to direct, but must
lead through influence, relationships and empower-
ing others to catalyse change.'"'* Systems leadership
has been applied to address major problems affecting
complex systems of hundreds of organisations, but the
principles can be applied on a smaller scale.’'™* It is
sparsely reported in health academic literature*'® and
education,'® and places service-users at its centre, fo-
cussing on improvement and progress rather than com-
plete solutions."’
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The PHL can provide services to stakeholders but has
no direct authority, making a systems leadership approach
appropriate.'! Participatory action research approaches
are particularly relevant in engaging systems which rely
on cooperation rather than direct authority as this ap-
proach actively involves the people, who would be ‘sub-
jects’ in conventional research, in generating outcomes
that are specific to their needs.'® Ultimately, PAR empow-
ers participants to determine the merits of adopting a new
approach through repeated cycles of observing, planning,
acting and reflecting to incrementally adjust, or refine, in-
terventions to maximise outcomes.’ Qualitative research
methods, including PAR, have been used extensively in
change management® in many health contexts to iden-
tify implementation barriers.”*** An absence of published
PAR research in laboratory or regulatory environments
suggests an untapped area of application. The interaction
of systems leadership and PAR within the regulatory com-
pliance system is likely to facilitate cooperation through
collaboration and more clearly identify stakeholder needs,
especially given the diversity of stakeholders interested in
using an FST method.

2 | MATERIALS AND METHODS

2.1 | Design, setting and participants

The study was conducted as a two-component multi-
method PAR design, allowing triangulation by approach-
ing the research question from two different perspectives.'®
The quantitative component trialled the PhenePlate FST
method® to assess efficacy of FST at a stakeholder site
(Pitt Water) over a 5-month period (28 September 2020-
10 April 2021). Water and faecal samples were collected
from potential faecal sources in the Pitt Water catchment
and from marine farm sites in Pitt Water, the receiving
water. PhenePlate was used to profile both Enterococcci
and Escherichia coli (E. coli) isolates from each sample
to evaluate the method for all stakeholders, due to dif-
fering regulatory indicators for marine farming>* and
recreational waters.” The populations of isolates derived
from receiving water samples were compared to potential
source samples using the proprietary PhPWIN (v.7.9) soft-
ware.® In this article, only the quantitative findings per-
tinent to meeting stakeholder needs and conveyed in the
focus group will be discussed.

The qualitative component examined stakeholder
needs and assessed requirements for the applicability of
the PhenePlate method. Ethics approval was granted by
the Tasmania Social Sciences Human Research Ethics
Committee (SSHREC) after assessment of a Minimal Risk
application [S0021699 (H-75357)]. The human research
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described was undertaken with the appropriate informed
consent of participants. Figure 1 illustrates the stake-
holders and external actors in the compliance system.
A PAR approach was utilised to determine participant
views rather than be limited by preconceptions of the re-
searcher.'® Participant selection was purposive,'® to obtain
rich, relevant and diverse data from individuals identified
by stakeholder organisations as willing and knowledge-
able representatives. Fifteen stakeholder organisations
covering all stakeholder categories were identified and
approached informally to gauge interest. All responded
positively and ten organisations were prioritised and for-
mally requested to nominate suitable representatives who
would agree to participate. The remaining five organisa-
tions comprised additional examples of stakeholder cate-
gories already represented and provided a reserve option
should any of the ten selected organisations withdraw. No
participants withdrew, before or after interview, and no
further interviews were sought given perceived data satu-
ration,'® as assessed in the conduct of the interviews and
confirmed on completing analysis of the ten interviews.

Semi-structured interviews were conducted over a
10-week period (09 October — 17 December 2020) and of-
fered in-person or by teleconference to allow for possible
COVID-19 concerns or prohibitive distance. All partici-
pants chose to be interviewed in-person at their workplace,
except for one remote participant who was interviewed in-
person at the PHL. Each interviewee received an informa-
tion sheet explaining the study aims and provided written
consent for the in-depth interview. Interviews were based
on a general-to-specific funnel structure,? with scheduled
questions to allow coverage of predicted topics of cost,
timeliness, and participation; and flexibility to pursue
other topics raised by the participant.

Interview and focus group recordings were made
with a Philips DVT2810 Audio Recorder with iPhone X
backup, with an average duration of 19min (13-27 min).
Stakeholder organisations and participants were given
pseudonyms, with original data linked to deidentified
transcripts by a code key. Transcripts were made from the
recordings using coding adopted from DuBois* and were
sent to participants for correction, comment or elabora-
tion as required. Thematic analysis'® of transcripts was
then completed using both deductive and inductive ap-
proaches to identify and map all anticipated and emergent
themes or sub-themes.

The interview outcomes, including the theme-map, in-
formed the development (plan, act stages) of the briefing
element of the focus group and thus formed the basis of
a subsequent PAR iteration. A focus group was held in a
central location, and all stakeholder organisations were
invited, regardless of interview participation. Participants
were provided with feedback on the qualitative interview
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outcomes, details of the PhenePlate quantitative trial and
a PHL implementation scenario outlining estimated cost,
time-frame and participation requirements. This provided
a context and discussion stimuli*’ for group discussion (re-
flect stage), which was also guided by questions presented
visually, and verbally prompted as needed, regarding per-
ceived and actual barriers and incentives, and a transcript
was subsequently provided to participants for comment.
The COREQ set of criteria were used in planning and con-
ducting both interviews and focus group.”®

3 | RESULTS
3.1 | Quantitative component -
PhenePlate trial

A library of 3592 Enterococci and E. coli isolates was built
over 5months comprising populations of isolates derived
from potential sources, and sites in the receiving water (Pitt
Water). Then receiving water populations were compared
to source populations to generate a Population Similarity
Coefficient (Sp) using UPGMA (unweighted pair group
method with arithmetic mean) clustering. During the

focus group, participants were briefed on the method
principles, the size and composition of the library estab-
lished, and the statistical similarities indicated between
receiving water populations and source populations. It
was strongly emphasised to participants that the method
is a statistical process and can only indicate an associa-
tion, not provide a definitive judgement of contamination
source. Participants varied in statistical knowledge, and
some noted that their organisational management were
likely to misinterpret statistical associations as being de-
finitive. It was also advised that the statistical associations
generated are neither provable nor falsifiable, although
they can be discounted as insignificant. Accordingly, they
can only be used to indicate probable sources among those
sampled and should not be used to rule out other sources
from being considered.

The trial was not conclusive as very few receiving
water samples exceeded regulatory limits in the trial pe-
riod, but the method was successfully applied and allowed
the construction of a probable scenario for PhenePlate
implementation through the PHL. The scenario required
stakeholder customers to assess the catchment of interest,
identify likely sources, obtain access and sample these
sources over a specified time period, and provide samples
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for analysis. The customer would be responsible for the
cost of establishing the library and on-going monitoring,
predicted to be ~$4000 for a moderate (800 isolate) library
and $90 per failing monitoring sample.

3.2 | Qualitative component - iteration
one: semi-structured interviews

No participants elected to withdraw consent or informa-
tion provided, and none responded with correction or
elaboration when provided interview transcripts. All ten
interview participants were willing to participate in the
subsequent focus group, although three were not avail-
able on the nominated date.

Two key incentive themes were anticipated by the re-
searcher: being able to identify contamination sources
and meeting regulatory guidelines. These themes reflect
the interest of stakeholders involved in the preliminary
Derwent Estuary Program research and their need to
determine the source to improve mitigation and demon-
strate compliance. The four barrier themes predicted
were: cost of testing, timeliness in obtaining results, level
of stakeholder participation required, and accuracy of
source identification. These barriers were identified as
typical customer concerns around investment, both finan-
cial and personnel; and return on investment, in the form
of timely and useable results. All predicted incentives and
barriers were identified or endorsed by most participants.
Additional themes and sub-themes emerged during the
interviews, primarily identified by one or two stakeholders
each. Table 1 summarises the predicted (P) and emergent
themes and sub-themes identified from the interviews.

The emergent themes identified included political pres-
sure and reputation which were viewed as both potential
incentives and as potential barriers, depending on whether
the results, or their implications, would be perceived as
positive or negative by stakeholders. Results that identify
the contaminant and facilitate mitigation would be seen
in a positive light and act as incentives. Conversely, fail-
ure to identify contaminant sources, or identifying sources
that cannot be mitigated could have a negative impact and
create barriers. These themes largely concerned external
groups that could influence the regulatory compliance
system. Non-compliance can result in closed beaches and
leases, which can cause public discontent and result in the
media and political representatives interacting with the
system. Variation in importance was noted across the com-
pliance system, with source identification important to all
stakeholder types, but regulatory responsibility only high-
lighted by those bearing such responsibility. Similarly, the
predicted barriers of timeliness and accuracy were noted as
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important to all, while cost and participation requirements
were more important to intermediate authorities and end-
users, who are most likely to commission and fund work;
and less important to regulatory stakeholders, who were
primarily interested in the information generated. All
themes and sub-themes identified were summarised in
a theme-map as discussion stimuli for the focus group.
Figure 2 shows the theme-map.

3.3 | Qualitative component - iteration
two: focus group

The Pheneplate trial feedback and scenario presentation
prompted participant questions on the method, and these
were answered as they arose. A copy of the presentation
and a transcript of the focus group discussion were pro-
vided to all invited participants for comment. Although
several comments of appreciation, and expressions of in-
terest in further work, were received, no amendments or
further commentary were offered.

Focus group discussion did not contradict any of the
themes raised during interviews, instead highlighting
those of importance, and generating additional novel
themes. It was quickly agreed there was sufficient in-
centive to use the method for all participants, despite the
stated limitations. However, the value of a coordinated,
collaborative approach was emphasised, as most catch-
ment locations and contamination sources were relevant
to multiple stakeholders, and the costs of building a li-
brary could thus be shared. Conversely, single stakeholder
projects may raise barriers in ownership of data and re-
stricting access, resulting in duplication of effort, and in-
efficient use of resources.

Coordination... someone has to take some
leadership and whether that means you
have got to establish a group or whether one
agency... leads it and everyone cooperates.

4 | END-USER PARTICIPANT

Discussion revealed that some anticipated barriers were
perceived rather than actual as they were negated if spe-
cific conditions were negotiated. For example, cost and
timeliness were considered critical barriers, but in the
focus group the proposed costs and time-frames associated
with the scenario were regarded by participants as reason-
able and feasible. The consensus was that proposed costs
would be entirely worthwhile if additional relevant in-
formation were achieved from current regulatory testing,



6 . National
J_\’\/l LEY AJ R H 7 i‘ Rural Health

TABLE 1 Reported stakeholder incentives and barriers to adopting faecal source tracking

Incentives

Barriers

Interview themes (P) = predicted theme

Identification of source of faecal contamination (P)
Application to recreational waters
Application to marine leases
Application to agriculture, irrigation water
Application to monitor catchment change
Application to groundwater seepage
Regulatory responsibility (P)
Accountability — Determining responsibility
Reactivity — Test failed sample isolates
Emergent
Political — Support if positive aspects from progress
Reputational - Avoid/mitigate negative messaging
State Policy - Protection of water quality for marine farmers
Council part-ownership of TasWater
Infrastructure planning
Collaborative effort
Timeliness - Timeframe too long (P)
Time to build library

Time to profile failing test

Clarity - Inability to obtain clear indication of source
Discrimination - Identification of faecal source groups

Access - Faecal source samples for building library
Cost — Expense too great (P)
Cost to build library

Cost to profile failing test

Staff

Resources

Emergent

Political - Opposition if results are unpalatable

Reputational — Avoid/mitigate negative messaging

GREY ET AL.
Regulatory Intermediate End-user
X X X
X X X
X X X
X
X
X
X X X
X X X
X X
X
X X
X X
X
X
X
X X X
X X
X X
Accuracy - Inability to discriminate source in sufficent detail (P) X X X
X X X
X X X
X X
Relevance - Identifying pathogenic vs. non-pathogenic X
X X
X X
X X
Participation — Sampling requires too great an investment (P) X X
X X
X X
Commitment — Lack of perseverence in trialling FST methods X X
X
Availability — Limited availability of FST methods in Tasmania X X
X
X

Divided Responsibility - Multiple organisations

however, stakeholder investment in library development 5 | INTERMEDIATE AUTHORITY

was perceived as a greater barrier.

If we consider the cost... for establishing a li-
brary, versus what we are currently spending
on sampling, it's nothing, if we could... spend
that much more and get more value out of it...

PARTICIPANT

It was also confirmed that a significant barrier to im-
plementation was the potential for stakeholder decision
makers to misinterpret PhenePlate statistical asso-
ciations as a definitive indicator of source. From this
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TABLE 2 Focus group incentives and barriers to adopting faecal source tracking and identified strategies

Focus group theme/strategies
Incentives Source Indication - Any additional information
Reactivity - Leveraging from regulatory test
Cooperation — Funding/Access/Staff
Coordination - Lead stakeholder
Barriers Clarity — Inability to obtain clear indication of source
Proprietary Development — Duplicated effort
Misinterpretation — Statistical association only

Laboratory capacity — Resourcing, Multiple projects

Regulatory Intermediate End-user

Strategies Encourage collaborative development to share costs and data
Encourage nomination of a coordinating lead stakeholder

Seek management/political support and funding commitment

Communication on nature of statistical association

Flagship project to demonstrate application

discussion, accuracy and clarity of results became the
key barrier identified for effective use of the method, due
to the inherent limitations of a library-based statistical
method.

A particular benefit of the PAR approach was the op-
portunity for collaborative discussion to explore strate-
gies to address incentives and barriers. There was general

>
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agreement that collaborative projects, to develop shared
source libraries would be the most effective way of util-
ising the PhenePlate method, especially if these were co-
ordinated by a stakeholder organisation with oversight
responsibilities. The Derwent Estuary Program was nomi-
nated as an appropriate part of the system to take on such a
role, as it monitors a single catchment area encompassing
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multiple Local Government councils and occupies a cen-
tral position within the compliance system.

Further trials to demonstrate the utility of the method
were also supported to increase confidence in the accu-
racy and utility, along with stakeholder canvassing of pos-
sible political support and funding for such trials. These
initiatives are likely to generate further PAR cycles to ex-
plore the effectiveness of the PhenePlate method in meet-
ing stakeholder needs. Table 2 summarises the incentives,
barriers and proposed strategies that dominated the focus
group.

There was continued interest in any information indi-
cating probable source, despite the limitations discussed,
especially as it could be derived from a non-compliant
regulatory test, rather than having to take a subsequent
sample which may not show the same contamination. The
barriers identified included concern over duplicated effort
if multiple stakeholders investigated the same catchment
and limited laboratory capacity to support such efforts.
These themes led to the proposal of strategies to strengthen
incentives and mitigate barriers. There was general agree-
ment that collaborative projects, coordinated by a lead
stakeholder would most efficiently use laboratory capacity
and reduce redundant stakeholder investment. A flagship
project was recommended to demonstrate application of
the method and strengthen efforts to obtain management
support and funding.

6 | DISCUSSION

This article describes two PAR cycles aimed at evaluating
PhenePlate, the only microbial source tracking method
considered feasible to be implemented by the PHL. The
quantitative component trialled the conduct of the method
to evaluate the output produced from a local catchment,
while the qualitative component explored the incentives
and barriers influencing stakeholders in two iterations.
Interviews with individual representatives examined the
views of discrete parts of the compliance system, while the
focus group brought the parts together to develop a system
level perspective.

As the researcher was also part of the water quality sys-
tem, but not in a leadership role, it was important to em-
power stakeholders in exploring the use of the PhenePlate
method. The diverse stakeholder organisations had dif-
fering interests and responsibilities, and these were re-
flected in the incentives and barriers identified by their
representatives. Responsibility for funding and resources
in microbial source tracking is generally found at end-user
extreme of the spectrum, with regulatory authorities pri-
marily interested in testing outcomes. The engagement of
stakeholder organisations, as well as level of cooperation
by representatives during the interview and focus group

stages suggested that system leadership and PAR were ap-
propriate approaches for this context.

Despite these differences in perspective, all stake-
holders participate in the regulatory system and have an
interest in achieving compliance. The system leadership
and PAR approach was effective in garnering input from
this diverse group of stakeholders using both individ-
ual questioning and group discussion. The focus group
demonstrated continued enthusiasm for the PhenePlate
method despite some limitations with accuracy and clar-
ity of results. In general, participants accepted that the
method provided only a statistical indicator of probable
source, but they concluded that this information was of
sufficient value, particularly as the additional informa-
tion could be obtained from the existing regulatory fail-
ing result, once a library had been developed. However,
there was acceptance that an extension of the trial into
winter months, when more samples tend to fail, could
explore accuracy concerns, as well as addressing ways to
reduce possible misinterpretation of results. Accuracy
and interpretation aspects are likely to form the basis for
another PAR cycle.

Reflections on the implementation scenario presented
to the participants resulted in the conclusion that many
perceived barriers were not actual barriers, as they were
within acceptable limits, or could be mitigated through
cooperative approaches and negotiation. The system lead-
ership model was particularly relevant, with stakeholders
agreeing that collaborative effort, preferably coordinated
through an existing lead body or stakeholder, such as the
Derwent Estuary Program, would be the best approach
to efficiently develop the source library, and avoid wast-
age inherent in duplicated effort. It was recommended
that the focus group outcomes be presented to Derwent
Estuary Program to initiate a further PAR cycle in devel-
oping a Derwent Estuary source library, and to engage
with necessary governing and political bodies to identify
required time frames, funding and resources.

Thus, the use of a PAR and systems leadership ap-
proach was effective in four respects: identifying themes
beyond those identified by the researcher, gaining an
understanding of the priorities of different parts of the
compliance system, identifying the benefits of a collabo-
rative approach across the system, and the need for com-
municating and negotiating with the public and political
bodies which influence the compliance system but are not
directly part of it. A limitation of the study is that it did not
attempt to engage with other, less defined groups that can
influence the system, such as members of the public, the
media, or political representatives. Also, the final investi-
gation stage was a focus group, which may be dominated
by the most motivated participants,”” and lacked marine
farmer input, as several planned to attend but accidentally
missed the event.
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7 | CONCLUSION

A systems leadership approach was utilised to facilitate
engagement and collaboration in exploring possible ser-
vice implementation to meet stakeholder needs, and this
approach was effective in facilitating a high level of inter-
est and participation in semi-structured interviews and a
focus group. Despite diverse levels of responsibility, there
was general agreement on perceived incentives and bar-
riers. Some incentives were enhanced, and barriers miti-
gated, through proposal of a coordinated approach to
resourcing to develop shared libraries and make efficient
use of existing regulatory testing to obtain more informa-
tion about contamination sources.

The combination of system leadership and PAR ap-
proaches was an effective avenue for exploring the ap-
propriateness of the PhenePlate faecal source tracking
method for meeting stakeholder needs. However, it is
likely that further PAR cycles will be required to continue
this process by developing collaborative partnerships be-
tween stakeholders which can effectively utilise the pro-
posed service.
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