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ABSTRACT

Background Proof-of-concept (PoC) development is a
key step in implementation sciences. However, there is a
dearth of studies in this area and the use of this term in
health and social sciences is ambiguous.

Objective The objective was to remove the ambiguity
surrounding the PoC and pilot study stage in the research
development process using a standard system to rate the
development of projects and applications provided by the
Technology Readiness Levels (TRL) framework.

Design Mapping review and critical analysis using TRL as
the standard measure.

Search strategy and charting method PubMed and
Psyclnfo databases were searched for papers that reported
PoC studies of mental health interventions up to August
2023. Data were extracted, described and tabulated.
Eligibility criteria Included were PoC studies in mental
health implementation research. Exclusion criteria were
research relating to biomedical (drugs) development,
neurocognitive tools, neuropsychology, medical devices,
literature reviews or discussion papers or that did not include
the term “proof-of-concept’ in the title, abstract or text.
Results From the 83 citations generated from the
database search, 22 studies were included in this mapping
review. Based on the study title, abstract and text,

studies were categorised by research development stage
according to the TRL framework. This review showed

95% of the studies used PoC incorrectly to describe the
development stage of their research but which were not at
this specific level of project development.

Conclusions The TRL was a useful reference framework
to improve terminological clarity around the term ‘proof-of-
concept’ in implementation research. To extend the use of
TRL in implementation sciences, this framework has now
been adapted and validated to a health and social science-
related research context accompanied by a health-related
glossary of research process terms and definitions to
promote a common vocabulary and shared understanding
in implementation sciences.

INTRODUCTION

Proof-of-concept (PoC) and pilot studies
are key steps in implementation sciences,
however, a better understanding of the differ-
ences between these two levels of project
development is urgently needed. The terms

, Luis Salvador-Carulla

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study gives insight into common misunder-
standings and confusion about the way proof-of-
concept is used in mental health implementation
research by analysing available literature.

This approach can be very useful for improving
one’s understanding of complex research topics
such as the developmental stages of implementa-
tion research and the need for conceptual clarifica-
tion of commonly used research terms.

Quality appraisal of the included studies was con-
sidered out of scope and was not performed.

‘proof-of-concept’” and ‘pilot study’ are
frequently used interchangeably in the liter-
ature, possibly because they share similari-
ties in their objectives. Yet they are distinct
in their scope, purpose and phase of project
development.'

PoC studies aim to determine the work-
ability of an application. That is, whether a
particular technology, product, intervention
or design could work as intended, solve a
specific problem or meet a particular need.
PoC is not intended to provide comprehen-
sive results or solutions but rather to show
that the core idea is worth further investiga-
tion. A PoC study can lead to a decision on
whether to invest further resources in devel-
oping the idea. Furthermore, the National
Science Foundation’s Accelerating Inno-
vation  Research-Technology  Translation
defines ‘proof-of-concept’ as ‘the realisation
of a certain method or idea to ascertain its
scientific or technological parameters. A PoC
should be understood sufficiently so that
potential application areas can be identified
and a follow-on working prototype designed’.”

Feasibility studies aim to test and validate
a prototype, a working model or a prelimi-
nary version of an application (a technology,
concept, process, product or service).’
Testing for feasibility may include testing for
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relevance, acceptability, applicability, practicality, effec-
tiveness/efficiency and value.* At this level, testing aims
to demonstrate that the prototype application can func-
tion as expected in the intended real-world setting with
the target audience.

The primary objective of a pilot study is to test the
application in a relevant environment with a small repre-
sentative sample of the intended target audience before
conducting a larger scale study.” Moore ¢t al define pilot
studies as ‘preparatory studies designed to test the perfor-
mance characteristics and capabilities of study designs,
measures, procedures, recruitment criteria and opera-
tional strategies that are under consideration for use in a
subsequent, often larger, study’.”

A pilot study should be carried out after the PoC and
feasibility studies to help researchers identify potential
issues and gather information to refine their study design
and assess whether the study procedures are practical and
effective. Researchers collect data during the pilot phase
to assess the study’s logistics, data collection instruments
and processes.”

The results of a pilot study are not used to draw defin-
itive conclusions but to adjust and improve the research
design."” A pilot study can be likened to a rehearsal for
full-scale implementation,'’ allowing for subsequent
adjustments or improvements that can increase the likeli-
hood of a successful larger-scale study.

In spite of the relevance of these research terms within
the research process, the extent of the lack of clarity
between PoC and pilot studies is unknown. We postulated
that the term ‘proof-of-concept’ is commonly used in the
literature to describe ‘pilot’ and ‘feasibility’ studies. Both
terms are used in the literature to describe studies under-
taken in preparation for a future larger study to evaluate
the effect of an intervention or to gather information
about the feasibility of implementing an intervention in
a future study.7 2

Jobin et al provide a concise historical narrative of the
genesis of the concept of PoC and its evolution over
time, beginning with NASA and the Technology Readi-
ness Levels (TRL) framework."”” The TRL scale was devel-
oped by NASA in the 1970s as a means of measuring the

maturity or readiness of a technology or component to
be launched into space."* " The TRL framework is a
9-point scale. TRL 1 indicates the earliest ideas stage of
the research process, TRL 2 and 3 focus on formulating
and developing the concept, TRL 4 completion of the
prototype, TRL 5 validation of the prototype, TRL 6 pilot
testing, TRL 7 demonstration and TRL 8 and 9 indicating
the technology is fully tested and ready to be applied in its
intended or operational environment.

The TRL scale can be used to monitor the progress
of an application through the different research stages
over time. The TRL scale has been adopted, adapted and
widely used by various industries and sectors, including
defence in Australia,'® medical drug development17 by
research consortiums (eg, Digital Health Cooperative
Research Centre in Australia) and international research
funding agencies such as the European Commission for
its Horizon 2020 and Horizon Europe Research and
Innovation funding programs since 2014 (table 1)."* '®

Each of the TRL stages have a role to play in the
research process, and while this process is not always
linear, the TRL does facilitate an understanding of which
stage an application currently is in, within the research
process. The TRL scale can also help to clarify and specify
the difference between particular development stages,
such as PoC and pilot testing. Recently the TRL has been
adapted for health and social science implementation
research and the adapted TRL-IS has been validated for
use in a health implementation research context.’

In summary, the terms PoC and pilot show a termino-
logical problem due to the unclarity (ambiguity or vague-
ness) of these scientific terms. Terminological ambiguity
exists when a term (the dyad of a name and its definition)
can reasonably be interpreted in more than one way (eg,
two different codes of a reference classification system
can be assigned to the same entity). Vagueness occurs
when a word or phrase is underspecified and therefore
admits borderline cases or relative interpretation.'

The aim of this study was to remove the ambiguity
surrounding the stage in the research development
process in which PoC and pilot study belong, using a
standard system to rate the development of projects and

Table 1 Technology Readiness Level scale (European Commission, 2014)

Maturity level Description

Stages

TRL 1 Basic principles observed Ideas stages
TRL 2 Technology concept formulated
TRL 3 Experimental proof of concept Development stages
TRL 4 Technology validated in lab
TRL 5 Technology validated in relevant environment Validating and pilot testing stages
TRL 6 Technology demonstrated in relevant environment
TRL 7 System prototype demonstration in operational environment Demonstration in real world stages
TRL 8 System complete and qualified
TRL 9 Actual system proven in operational environment
2 Woods CE, et al. BMJ Open 2024;14:¢080078. doi:10.1136/bmjopen-2023-080078
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applications provided by the TRL-IS framework. The
following research question is applied: How frequently
is PoC used correctly within the health implementation
research literature to report a study in the PoC stage of
development following the TRL-IS framework?

METHODS

Mapping review

A mapping review™ ' was conducted to systematically map
the extent that mental health implementation research
studies include the term ‘proof-of-concept’ in the title,
abstract or text when reporting pilot/feasibility studies
or studies in different stages of the research process. A
mapping review was selected to identify, describe and
catalogue available evidence and evidence gaps relating
to the research question. It is an appropriate approach
due to the descriptive nature of the extracted data and
higher-level (predefined) codes.” The review followed
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Review checklist* to
ensure all necessary steps were included.

21

Literature search strategy

Asearch of PubMed and PsycInfo databases was conducted
in August 2023 using the following search terms, ‘mental
health care’ AND ‘proof of concept’, ‘digital mental
health” AND ‘proof of concept’, and ‘Technology Read-
iness Level’ AND ‘digital mental health’ (see online
supplemental file 1). No date limits were applied to the
search, but the papers were required to be in the English
language. Two authors (CEW, LS-C) scanned the titles
and abstracts.

Inclusion criteria

Studies were included if they were published in the
English language, the full text was available and they
reported a PoC study in mental health implementation
research. Studies were excluded if they related to inter-
ventions involving biomedical (drugs) development,
neurocognitive tools, neuropsychology, medical devices,
were literature reviews or discussion papers or were not
reporting mental health implementation research.

Data extraction

Relevant data from the selected studies were extracted
including: Publication date; study design; sample size;
and evidence used to determine if the study was at the
PoC stage; pilot stage or other stage according to the
European Commission 2014 TRL framework and defini-
tions (table 1). Extracted data were recorded in an Excel
spreadsheet.

Patient and public involvement statement
There was no patient or public involvement in this study.

RESULTS
The database search returned 83 results. Four duplicates
were removed, leaving a total of 79 papers. Two authors

(CEW, LS-C) screened the titles and abstracts and 45
papers were retained. The full text of the selected studies
was examined by one author (CEW) to ensure they met
the inclusion/exclusion criteria, and if there was any
uncertainty, papers were referred to a second author
(LS-C). 23 papers were discarded with reasons, leaving a
final 22 papers for inclusion in the review (figure 1). The
protocol paper was excluded as the full results paper was
identified in the search results.

The two authors classified the studies according to
the current TRL stage. Extracted data were descrip-
tively organised into a table which illustrates whether
the terms PoC and/or pilot appear in the title and/or
abstract.

Study design

The majority of the selected studies were randomised
controlled trials (RCT) (n=13), clinical trial (n=1),
secondary analysis of RCT data (n=2) and RCT proto-
cols (n=3). One used an observational study design, one
reported the outcomes from a funding programme and
one used a qualitative study design.

Just over half (n=12) of the studies used a small sample
of <100, seven studies used a sample size of between 101
and 300, the observational study had a sample size of
398% and the sample size is unknown for two studies.** **

Currency of evidence
All of the selected studies were published over an 11-year
period (2012-2023).

PoC or pilot study

None of the selected studies provided a definition
of the terms PoC nor pilot study. Overall, 18 of the 22
selected studies or study protocols were rated as TRL 6—
pilot studies. A number of these studies used PoC and
feasibility/pilot study as synonyms or interchangeable
terms in the same paper (n=8), while others used PoC
as a synonym for feasibility in the development process
(n=10). Of the remaining papers, one is a descriptive
study of funding programme outcomes (TRL 7),” one
describes the implementation of a model of care (TRL
7),% one reports validation of a prototype (TRL 5) prior
to testing in a pilot study but also reports TRL 3 (PoC—
co-design and development of a prototype) and TRL 4
(testing of preliminary prototype) activities® and one is
a PoC study (TRL 3).27 All of the 22 studies used PoC
in the title and/or abstract—one used PoC in the title
and ‘demonstration of concept’ in the abstract (online
supplemental file 2).*> Only one study used the term
‘pilot’ in the title and/or abstract.”® Online supplemental
file 2 shows the evidence used to indicate the study is a
pilot or feasibility study and not a PoC or other study.
These figures (21/22) translate to 95% of the authors of
the selected studies using PoC incorrectly. This finding
indicates that the term PoC lacks clarity and is not a well-
understood concept.
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases
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Figure 1
Systematic Reviews and Meta-Analyses.

DISCUSSION

This study has demonstrated that despite clear differ-
ences in the definitions of PoC and pilot study, these
terms continue to be used interchangeably and uncriti-
cally. While the two terms have distinct definitions, they
share a common thread of validation and testing in the
early stages of research which may lead to confusion in
some contexts.

The lack of a clear understanding and use of these terms
emerged as a significant challenge. While the scientific
community recognises their importance, the interchange-
able use of PoC and feasibility/pilot study terminology
remains prevalent.” Our findings underscore the need
for greater precision in defining and applying these
concepts and universally accepted definitions.

The use of PoC in the context of feasibility/pilot studies
has conceivably gained traction as a way to shortcut the
process of initially assessing the viability or workability of
an idea and then developing and validating a prototype.

=12)

Discussion paper (n = 3)
Review (n = 3)

PoC not in title/text (n = 3)
Protocol (n = 1)

Cognitive tool (n = 1)

PRISMA Flowchart. Adapted from Page et al (2021). PoC, proof-of-concept; PRISMA, Preferred Reporting ltems for

By combining PoC and feasibility/pilot testing, proving
the viability of an idea can be integrated with practical
validation of the economic, operational and/or logistical
feasibility. However, it is more likely that PoC, theoretical
viability or workability, is being confused with operational
and/or logistical feasibility and even with prototyping.
Language is fluid and words and phrases can evolve in
meaning over time.” As more people use these terms
interchangeably, their meanings may become less clear.

In interdisciplinary projects (eg, biomedical engi-
neering, technology development) terminology can vary
depending on the background of the researchers involved
leading to overlap or confusion of terms. Both PoC and
feasibility/pilot studies are crucial steps in the research
and development process, but they each have different
purposes and stages of application development.

In a research context, it is good practice to use termi-
nology accurately to avoid ambiguity and potential

misunderstandings. Terminology is defined as ‘a set of

4
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designations belonging to one special language’,” and its
main purpose is to eliminate unclarity and the ambiguity
from technical languages by means of standardisation.

Our study underscores the importance of refining
terminology and promoting consistency in the scientific
community. Clear definitions of PoC and feasibility/
pilot studies are essential for accurate reporting, robust
evidence generation and informed decision-making.
Researchers, reviewers and policymakers should observe
standardised guidelines, such as the TRL,?’ 8 to foster
a shared understanding of these critical stages in the
research continuum.

STRENGTHS AND LIMITATIONS

The outcomes of this study promote consistency in termi-
nology fostering a robust scientific ecosystem, facilitating
knowledge exchange and ensuring that research find-
ings contribute meaningfully to advancements in various
fields.

Quuality assessment was not used in this review and we
recognise that the papers may be of variable quality.

The incorrect use of terminology (PoC vs feasibility/
pilot) does not affect the validity of the studies described
but may create misunderstandings about the stage of
research of each study.

CONCLUSIONS

The findings from this study indicate, on the one hand,
the significant contribution of the TRL framework to
improve clarity of project development in implementa-
tion sciences, but they also signal the dearth of use of
this framework in mental health research in spite of the
recommendations in international guidelines. The TRL
has been adapted and tailored to a health and social
science implementation research context (TRL-IS) with
discipline-specific guides.” The adapted TRL-S and
guides provide researchers with a mutual understanding
of maturity stages achieved through a shared language
that can be used across organisations and research insti-
tutes to better communicate and monitor developmental
progress. The progressive levels of the TRL-IS provide a
systematic approach and framework to guide the plan-
ning, development, monitoring of progression and imple-
mentation of health-related interventions. The use of the
TRL-IS may also affect funding and policy decisions as the
maturity or ‘readiness level’ reflects how close an inter-
vention is to being validated, tested and proven ready for
use in routine care.

These findings also indicate the need for an inter-
national glossary of health and social science-related
research terms and definitions to promote a common
vocabulary and shared understandings of research termi-
nology to prevent unclarity and ambiguity. This glossary
should be incorporated into an international organisa-
tion such as the WHO, similar to their Health Promotion
Glossary of Terms 2021.% Using the correct terminology

becomes particularly important for research funding
applications, such as incubator or seed funding, PoC
funding or assigning a TRL to applications for funding
programmes.
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Search Strategy

PubMed

Search terms:

"mental health care"[All Fields] AND "proof of concept"[All Fields]

"digital mental health"[All Fields] AND "proof of concept"[All Fields]
"technology readiness level"[All Fields] AND "digital mental health"[All Fields]

Filter: English language

PsycINFO

Search terms:

Any Field: "mental health care" AND Any Field: "proof of concept"
Any Field: "digital mental health" AND Any Field: "proof of concept"

Any Field: “technology readiness level” AND Any Field: "digital mental health”
Language

e english
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Table 2 Evidence used to indicate the type of study in selected articles

Proof-of- Aims/Objectives Phrase indicating the study is a pilot/feasibility
Author/Date concept in title study in preparation for a future larger study
or abstract
Joseph et al. Title and To determine if brief telephone follow-up Further research is needed with larger sample sizes
2023) abstract assessments and referral of traumatic and greater verification of referral uptake to
injury patients following hospital discharge | validate this finding.
resulted in better mental health and overall
level of function.
Bryant et al. Title and To conduct a proof-of-concept trial of the This program may offer a viable and scalable means
(2022) abstract efficacy of a brief group-based to mitigate the rising mental health problems
psychological intervention delivered via during the pandemic.
videoconferencing for adults in Australia
distressed by the pandemic.
Conner et al. Abstract To test the psychological benefits of a 14- Findings provide initial validation of a causal
(2017) day preregistered clinical intervention to relationship between FV and well-being, suggesting
increase fruit and vegetable (FV) that large-scale intervention studies are warranted.
consumption in 171 low-FV-consuming
young adults.
Bucci et al. Title and (1) test the safety, feasibility, and Participants were engaged, active, and adherent
(2018) abstract acceptability of the Actissist intervention; with the system; therefore, findings justify
(2) provide preliminary evidence of proceeding to a fully powered trial.
intervention effects on clinical and
functional outcomes.
Di Simplicio et | Title To test the feasibility of a short mental Mental imagery-based approaches may hold
al. (2020) imagery-based psychological intervention promise as transdiagnostic, flexible, youth-focused
for young people who self-harm and using | interventions to expand our repertoire of
a stepped-wedge design to investigate treatment/ self-management options and
effects on self-harm frequency reduction at | warrant further testing in larger populations.
3 and 6 months.
Kooistra etal. | Abstract To assess the probability that blended The results of this pilot study will provide an initial
(2014) cognitive behavioural treatment (bCBT) is insight into the feasibility and acceptability of
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Author/Date

Proof-of-
concept in title
or abstract

Aims/Objectives

Phrase indicating the study is a pilot/feasibility
study in preparation for a future larger study

more cost-effective compared with regular
face-to-face cognitive behavioural therapy
(CBTAU).

blended cognitive behavioural treatment in terms
of clinical and economic outcomes (proof of
concept) in routine specialized mental health care
settings, and an indication as to whether a well-
powered clinical trial of blended cognitive
behavioural treatment for depression in routine
practice would be advisable.

Leathers et al. | Abstract To examine the effect of a change agent on | While this study’s results support the role of a

(2016) uptake of an intervention to address child change agent in influencing practice behaviors, how
behavior problems in an experimental to optimize this effect as a component of more
longitudinal design. comprehensive implementation process needs

further study.

Verhagen et al. | Title To operationalize and test a measure of TRL 3 Experimental proof of concept

(2017) momentary reward-related Quality of Life This paper describes the development of a reward
(rQol). related QoL function (rQol) and the proof of

concept of its applicability.

Jordans et al. Title and To evaluate the added value of a Further research is needed to test the effectiveness

(2022) abstract competency-driven approach to training of | of such approaches in an RCT, as well as the
facilitators for a group intervention for application of a competency-driven approach to
children with severe emotional distress in other aspects of the service delivery pathways,
Lebanon. such as during supervision.

Bernecker et Abstract To investigate whether a self-guided web- This study demonstrates the feasibility of teaching

al. (2020) based course can teach pairs of empirically supported counseling skills to pairs of
nonprofessional peers to deliver nonprofessionals via a highly scalable web-based
psychological support to each other. course.

Shadick et al. Title and To conduct a proof-of-concept randomized | Future efficacy studies are warranted, in particular

(2013) abstract trial of an Internal Family Systems (IFS) those that compare the IFS technique with other

psychotherapeutic interventions.
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Proof-of- Aims/Objectives Phrase indicating the study is a pilot/feasibility
Author/Date concept in title study in preparation for a future larger study
or abstract
psychotherapeutic intervention on
rheumatoid arthritis (RA) disease activity
and psychological status.
O'Cleirigh et Abstract To examine the effects of integrating A limitation of the current study is the small sample
al. (2019) cognitive and behavioral therapy strategies | size. Accordingly, a future study is needed to more
with traditional HIV risk reduction fully evaluate this approach.
counseling on the long-term effects of CSA
in HIV-negative MSM with a CSA history
and existing HIV risk behavior.
Zoun et al. Abstract To evaluate the effects of the ZemCAD Further development of the ZemCAD intervention
(2019) intervention on quality of life, symptom could involve a group program and the use of peer
severity, and empowerment compared to support.
CAU
Henderson et | Abstract To determine whether a full scale To determine whether such a trial is justifiable and
al. (2012) randomised controlled trial (RCT) is feasible and to optimise its design, our next step is
justifiable and feasible, and to optimise its | to conduct a proof of concept RCT. (Protocol)
design.
Nordh et al. Abstract To evaluate the feasibility and efficacy Further controlled trials are needed.
(2017) of ICBT supplemented with clinic-based
group exposure sessions for adolescents
with SAD.
Ten Brinke et Abstract To examine the effect of a commercial CCT | As such, the industry of commercial computerized
al. (2018) program in community-dwelling older cognitive training (CCT) applications has
adults. rapidly grown in the last decade. However, the
efficacy of these commercial products is largely not
established. (Protocol)
Asher et al. Abstract To evaluate the effectiveness of CBR as an This will help to determine, for scaling-up services,
(2016) adjunct to facility-based care (FBC), the importance of a dedicated rehabilitation service
compared to FBC alone, in reducing in addition to FBC. (Protocol)
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Proof-of- Aims/Objectives Phrase indicating the study is a pilot/feasibility
Author/Date concept in title study in preparation for a future larger study
or abstract
disability related to schizophrenia at 12
months, measured by the WHO Disability
Assessment Schedule (WHODAS) version
2.0 in patients with evidence of poor
response or lack of engagement in care
over the preceding 6 months.
Eisner et al. Abstract To examine how people with psychosis As financial incentives may have increased app
(2023) engaged with the cognitive behaviour engagement, future studies of non-incentivized
therapy (CBT)-informed Actissist app over a | engagement in larger samples are needed.
12-week intervention period, and to Additional research with larger more diverse
examine factors associated with app samples is needed to further understand factors
engagement. associated with engagement and the extent to
which engagement mediates outcomes.
Realpe et al. Abstract This article reports on the co-design TRL 5 Prototype Validated in Relevant Environment
(2020) process of a proof-of-concept trial to adapt | The process of co-design led to the development of
a social cognition training intervention (the | a specific approach and protocol to be tested in a
SCIT) to be delivered in a virtual world for proof-of-concept trial with people experiencing a
people who have experienced a first first episode of psychosis.
episode of psychosis.
Savage et al. Title and To develop a collaboration between TRL 7 Demonstration in Operational Environment
(2013) abstract primary care and mental health care In turn these partnerships spread beyond the
(demonstration | through co-location of services; use of coalition and continue to sustain and expand the
of concept) video-conferencing capability to provide goals of this project.
mental health services more efficiently; Telepsychiatry at two of the MHC locations and
enhanced training in rural healthcare; and | several other components of this project have
development of stigma reduction continued beyond the initial funding period to the
campaigns along with other coalition present.
partner specific initiatives.
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Author/Date

Proof-of-
concept in title
or abstract

Aims/Objectives

Phrase indicating the study is a pilot/feasibility
study in preparation for a future larger study

Crossman et
al. (2018)

Abstract

To provide a proof-of-concept demonstra-
tion of the capacity for SARs to alleviate a
class of clinically relevant symptoms that
are prevalent, important for overall health
and well-being, and commonly untreated
in children.

Although preliminary, our findings support the idea
that SARs may play a key role in efforts to reduce
suffering on a large scale.

Faddy et al.
(2017)

Abstract

Many models of community-based mental
health crisis teams have been reported. We
present our experience of an outreach
team made up of a paramedic and mental
health nurse.

TRL 7 Demonstration in Operational Environment
This model of care, pairing an extended care
paramedic and a mental health CNC, was successful
in providing assessment of the patient and more
suitable transport destinations in a majority of
patients experiencing an acute mental health crisis.
We have demonstrated that our model of care is
successful in enabling appropriate physical and
mental health care for patients suffering an acute
mental health crisis.
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