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ABSTRACT
Introduction  Cluster analysis, a machine learning-based 
and data-driven technique for identifying groups in data, 
has demonstrated its potential in a wide range of contexts. 
However, critical appraisal and reproducibility are often 
limited by insufficient reporting, ultimately hampering 
the interpretation and trust of key stakeholders. The 
present paper describes the protocol that will guide the 
development of a reporting guideline and checklist for 
studies incorporating cluster analyses—Transparent 
Reporting of Cluster Analyses.
Methods and analysis  Following the recommended 
steps for developing reporting guidelines outlined by 
the Enhancing the QUAlity and Transparency Of health 
Research Network, the work will be divided into six stages. 
Stage 1: literature review to guide development of initial 
checklist. Stage 2: drafting of the initial checklist. Stage 
3: internal revision of checklist. Stage 4: Delphi study in 
a global sample of researchers from varying fields (n=≈) 
to derive consensus regarding items in the checklist and 
piloting of the checklist. Stage 5: consensus meeting to 
consolidate checklist. Stage 6: production of statement 
paper and explanation and elaboration paper. Stage 7: 
dissemination via journals, conferences, social media and 
a dedicated web platform.
Ethics and dissemination  Due to local regulations, the 
planned study is exempt from the requirement of ethical 
review. The findings will be disseminated through peer-
reviewed publications. The checklist with explanations will 
also be made available freely on a dedicated web platform 
(troca-statement.org) and in a repository.

INTRODUCTION
Artificial intelligence (AI), particularly 
machine learning (ML), a subset of AI in 
which algorithms learn patterns from data 
without being explicitly programmed,1 has 
revolutionised our capability to analyse, 
understand and make use of complex (multi-
modal) data. One of the main domains of ML 
is cluster analysis, which constitutes a family 
of data-driven techniques to identify groups 

within data.2 Cluster analysis has been used 
in a wide variety of contexts, from identifying 
subtypes of diseases3 to prioritising urban 
governance patterns4 and assessing water 
quality.5 Similarly, many partitioning methods 
are available, with the rapid development of 
novel and improved techniques. Clustering 
algorithms rely on varying assumptions about 
the data (eg, data types/distribution) and 
the concept of clustering (eg, segmenting 
by shape or density of data).6 In addition, 
data preprocessing approaches, clustering 
algorithm settings (hyperparameters) and 
criteria for selecting the optimal clustering 
solution can all heavily influence clustering 
outputs. For the above reasons, transparent 
and comprehensive reporting of computa-
tional aspects is essential for critical appraisal 
and comparison of results. Unfortunately, 
however, such reporting is often inadequate. 
This issue is common in most fields, including 
health sciences,7–11 social sciences,12–14 engi-
neering15 and economics,16 17 ultimately 
hampering interpretation, trust and develop-
ment pace.

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The modified Delphi approach will contribute to a 
rigorous and quantifiable basis for consensus.

	⇒ Stakeholders and panellists from a broad range of 
fields and backgrounds will contribute with per-
spectives on various application contexts.

	⇒ Stringent criteria for item inclusion will ensure ro-
bust agreement.

	⇒ The wide applicability of the planned framework, 
while enhancing its versatility across diverse con-
texts, may result in a lack of specific details tailored 
to particular research areas.
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Reporting guidelines—defined by the EQUATOR 
(Enhancing the QUAlity and Transparency Of health 
Research) Network as ‘checklists, flow diagrams or 
explicit text to guide authors in reporting a specific type 
of research, developed using explicit methodology’18—
are increasingly used to improve the quality and compre-
hensiveness of reporting.19 The suggested benefits of 
reporting guidelines are many, for example, increasing 
transparency of methodological aspects and enabling a 
more accurate comparison between studies.20 Although 
adherence generally remains suboptimal,21 there is 
evidence indicating that reporting guidelines improve 
reporting,22–24 which in turn catalyses methodological 
development and innovation by highlighting limitations 
to be bridged in subsequent research.20 Finally, reporting 
guidelines may directly increase research quality,25 partic-
ularly if incorporated at early stages of research.26 27

There is an abundance of reporting guidelines for 
AI-based studies, most focusing on supervised learning 
applications, such as TRIPOD+AI28 for clinical prediction 
models. Nevertheless, to the best of our knowledge, for 
cluster analyses, no reporting guideline is available or 
registered at the EQUATOR Network as under develop-
ment. Although different ML methods share implemen-
tational aspects (and consequently aspects important 
to report),29 cluster analyses are conducted in ways that 
fundamentally differ from studies in other ML domains 
(eg, generally lacking ‘ground truth’ labels),30 warranting 
a dedicated reporting guideline. The present protocol 
outlines the planned processes for developing a new 
consensus-based reporting guideline named TRoCA 
(Transparent Reporting of Cluster Analyses), comprising 
a user-friendly checklist, accompanying explanation and 
elaboration (E&E) and examples of good reporting of 
cluster analyses.

Focus and scope of TRoCA
Given the many heterogeneous contexts in which cluster 
analyses are applied, we aim to develop a reporting guide-
line that is, as far as possible, context-agnostic. In other 
words, we aim to make TRoCA applicable to most studies 
that use cluster analysis as a data-driven technique to 
discover groups within data, regardless of the application. 
We will accomplish this primarily by focusing on quantita-
tive aspects of clustering pertaining to data preprocessing, 
modelling and cluster characterisation and interpreta-
tion. To this end, we will exclude aspects that are non-
computational or specific to certain research areas or 
data types, as guidance for handling such issues may 
vary substantially between fields and is oftentimes more 
appropriately covered by other reporting guidelines. 

There are several notable examples of (largely) context-
agnostic reporting guidelines, for example, in systematic 
reviews, where the use of PRISMA31 (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses), a 
general reporting guideline for systematic reviews, is 
used in combination with more specific reporting guide-
lines depending on study designs32 or meta-analysis 
approaches.33

Although cluster analyses may incorporate varying 
degrees of manual labelling of groups (eg, semisupervised 
learning, in which a subset of the data is labelled while 
groups are inferred by the algorithm for the remaining 
data),2 TRoCA will be applicable for unsupervised cluster 
analyses, that is, segmentation of cases without using 
any available labelling. This delimitation was primarily 
done to streamline the reporting guidelines and check-
list; however, given that most clustering applications are 
unsupervised, we still expect our work will have broad 
applicability. For semisupervised cluster analyses, and for 
specific studies where elements in TRoCA are lacking or 
redundant/irrelevant, researchers may modify the check-
list according to their needs.

METHODS AND ANALYSIS
The overall process of developing the reporting guideline 
will largely follow the recommendations outlined by the 
EQUATOR Network. Deviations from these recommen-
dations will mainly pertain to costly and logistically chal-
lenging functions, such as face-to-face consensus meetings, 
which will be substituted with online correspondence and 
meetings, and postpublication activities, including transla-
tion of the guidelines, which we do not see as necessary at 
this time.18 Furthermore, we have drawn inspiration from 
methodological reviews of reporting guidelines.19 34–37 
As mentioned in the EQUATOR Network recommenda-
tions,18 there is no single best approach for conducting 
this type of study. The structure of the study will be partly 
based on the protocol38 outlined for the development of 
TRIPOD+AI (a reporting guideline for ML-based diag-
nostic/prognostic prediction model studies), given the 
somewhat overlapping technological context and aims. 
Some compromises (primarily regarding the physical 
meetings and organisational size) will be made due to 
time and funding constraints. The project has been regis-
tered as under development on the EQUATOR Network. 
The statement manuscript will be drafted in accordance 
with the ACcurate COnsensus Reporting Document 
reporting guidelines.39 Each stage of the planned process 
is detailed below and summarised graphically in figure 1. 

Figure 1  Overview of the structure of the planned study.
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Stage 1 is expected to commence in August 2025 and the 
completion of Stage 5 (ie, finalisation of manuscript(s)) 
by the end of January 2026.

Stage 1: literature review
A literature review will be performed with two main objec-
tives: (1) an in-depth assessment of the current state of 
reporting in the cluster analyses literature, including areas 
of particular need for improvement and overlapping/
differing reporting items; and (2) to gather reference 
material from similar reporting guidelines/checklists. 
Two databases (Google Scholar and PubMed) will be 
searched. Google Scholar has been chosen as it indexes 
the full texts of articles in a broad range of non-medical 
journals, and PubMed has been chosen due to a broad 
indexing of medical journals, with health sciences consti-
tuting the largest proportion of scientific literature.40 
Although not providing a complete overview of academic 
literature, these two databases have largely satisfactory 
coverage.41 From each database, papers from the past 
10 years will be assessed. For objective (1), the following 
search queries will be constructed (syntax modified 
according to the database): (‘review’ OR ‘methodology’ 
OR ‘quality’ OR ‘transparency’) AND ‘cluster analysis’. 
For objective (2), similarly: (‘guideline’ OR ‘checklist’) 
AND ‘cluster analysis’. Finally, the EQUATOR Network 
will be screened for related guidelines.

Stage 2: drafting and internal revision of checklist
Based on the findings from the literature review and on 
domain expertise, an initial checklist will be drafted. This 
will be carried out through an informal collaborative 
process in a live-synchronised Microsoft Word (Microsoft 
Corp., USA) document by the computational core group 
(n=4), who were identified and invited by DL without 
strict formal inclusion/exclusion criteria, based on their 
substantial experience in statistics, ML and, in particular, 
cluster analysis. The goal with the initial checklist is to 
construct a comprehensive set of reporting items with 
short explanations, divided into sections (eg, data prepro-
cessing) for ease of use and interpretation. This initial 
draft checklist will be revised in two rounds:

	► Round 1 (revision based on computational aspects). This 
will be performed by informal input through the 
aforementioned live-synchronised Microsoft Word 
document from the internal collaborators, a group of 
researchers (n=20) with varying backgrounds and 
experience in incorporating cluster analyses as part 
of their research (working in 15 countries across five 
continents, in fields ranging from population genetics 
to geoinformatics), who were identified and invited by 
DL without strict formal inclusion/exclusion criteria. 
The size and composition of the internal collaborators 
group were chosen such that it balances (broad) 
representation and administrative load. The internal 
collaborators will be able to suggest the addition/
removal/rephrasing of reporting items and sections, 
focusing on ensuring comprehensive coverage of 

elements of importance for the critical appraisal and 
reproducibility of cluster analyses. DL will collate 
these suggestions, and the computational core group will 
finalise the revision. Efforts will be made to exclude 
clearly irrelevant items to maximise response rates in 
the subsequent Delphi study.42

	► Round 2 (revision based on non-computational aspects). 
This will be performed within the live-synchronised 
Microsoft Word document by informal input from 
a non-computational core group (n=4), who were iden-
tified and invited by DL without strict formal inclu-
sion/exclusion criteria, based on their substantial 
experience in meta-research, development of 
reporting guidelines and evidence synthesis. The non-
computational core group will provide suggestions and 
collectively discuss the addition/removal/rephrasing 
of reporting items and sections, focusing on the appli-
cability and usability of the form, ultimately aiming at 
making the checklist flexible and enhancing adher-
ence, ease of use and interpretation for reviewers and 
readers.

Stage 3: external revision of checklist
At this stage, the initial checklist will be revised further 
through a modified Delphi consultation process as a 
formal method for attaining consensus for the finalisa-
tion of the checklist items.19 39 The benefit of a Delphi 
method over singular researchers providing recommen-
dations stems from the ‘wisdom of crowds’ theory43 by 
providing a structured, quantifiable, anonymous and 
iterative process of summarising opinions (and ultimately 
attaining consensus) of a panel of experts.44 There is no 
well-established definition of the construction of Delphi 
processes, nor of what constitutes a ‘modified’ Delphi 
process,34 but it generally includes an iterative (for a 
(predefined) set of rounds) process of anonymous (thus 
less likely to be prone to dominance of individual experts 
or group conformity) rating/feedback from panellists 
and a structured summary of previous rounds’ rating/
feedback, allowing for panellists to change their mind 
given the arguments and data of the collective group. 
Statistical aggregation of various kinds is used to assess 
whether consensus has been achieved.35 45 Specifications 
of the planned Delphi process will be largely based on the 
recommendations in the methodological literature and 
administrative/logistical compromises. A visual summary 
of the Delphi process to be used is shown in figure 2.

A wide range in the number of panellists has been used 
in previous Delphi-based studies,20 35 37 with a simulation 
study suggesting that as few as ~20 panellists can suffice to 
yield reliable results if using similarly trained experts in 
a well-defined domain46 or homogeneous stakeholders. 
In more complex and heterogeneous multistakeholder 
contexts, 60–80 panellists have been suggested to 
achieve a high level of replicability, with relatively modest 
improvements beyond these levels but nevertheless with 
additional benefits such as improved validity and poten-
tially increased subsequent implementation.44 For the 
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present work, given the many domains of utilisation in 
cluster analysis, we aim to recruit 160 panellists for the 
first Delphi round, which, estimating up to a 40% attri-
tion rate based on previous similar studies,28 47 would 
leave an acceptable ~60 panellists by round three. Based 
on the acceptance rate in contact attempts for the internal 
collaborators (~50%) and previous similar studies,28 47 a 
comparable or even lower acceptance rate is expected for 
the external collaborators, who will form the panel in the 
Delphi process. Thus, ~300 researchers (or more until 
160 panellists are achieved) will be invited. To ensure a 
diverse representation of domains/fields, five roughly 
equal groups (~50 researchers each) of these will be 
selected based on their predominant work within the 
natural sciences, education, engineering, social sciences 
and economics. From health sciences, ~80 researchers 
will be contacted, to reflect that a large proportion of 
studies using cluster analysis are undertaken within clin-
ical research (and roughly representing the proportion 
of health science publications in the academic litera-
ture).40 Beyond this, the following criteria will be used 
for selecting panellists in an admittedly arbitrary but 
systematic and relatively reproducible fashion (it should 
also be noted that the somewhat relaxed criteria may lead 
to a more heterogeneous and therefore more informa-
tive panel)37: (1) ≥3 peer-reviewed published works from 
the past 5 years in which cluster analysis was used, (2) 

h-index≥10 or total number of citations≥500, (3) listed in 
a peer-reviewed published work, as per above, as having 
contributed to statistical analysis (or the like) or is known 
by DL or other co-authors to be experienced in cluster 
analysis.

Researchers will be identified through broad searches 
on relevant databases (Google Scholar and PubMed), 
screening editorial board/reviewer pages of relevant 
journals (to ensure representation of journal editors) 
and through professional networks of the computational 
core group, non-computational core group and internal collab-
orators, with subsequent confirmation of suitability by 
the two former groups. The researchers will be invited 
by DL through a personalised email, containing infor-
mation about the purpose and structure of the study, the 
right to withdraw from the study and have any submitted 
data deleted at any time without needing to provide a 
reason, the researcher’s role and recognition as a panel-
list (name and affiliation in supplementary material and 
on the public website of the project), as well as a link to 
an online consent form. The researcher will be informed 
that the aim of the checklist is to provide ease of use and 
inclusion of the minimum set of reporting items needed 
from the vast majority/all cluster analysis studies to suffi-
ciently facilitate reproducibility of the cluster analysis and 
critical assessment of quality and risk of bias (and thereby 
comparison with other studies, either through uptake 
in subsequent studies or structured synthesis through 
systematic reviews or meta-analyses).

Each researcher who has provided informed consent 
to participate in the Delphi study (panellist) will then 
be invited to each round, regardless of whether he/
she participated in the previous round. This approach 
is superior in maintaining representation of the base-
line panel and minimising the risk of false consensus.36 
The Delphi study will be performed using Microsoft 
Forms (Microsoft Inc., USA) to efficiently distribute and 
evaluate the surveys. The form will contain the name 
and description for each reporting item, along with a 
checkbox through which the panellist can vote to keep or 
remove the reporting item through a checkbox. For each 
reporting item, there will also be a voluntary free-text 
box to provide justification for the rating and a voluntary 
free-text box to suggest improvement in the phrasing. At 
the end of each section, an additional voluntary free-text 
box will be available to provide suggestions for additional 
reporting items (this will only be available in the first 
round to ensure that each reporting item can be assessed 
at least two times if needed). Finally, at the end of the 
form in round one, the panellist will be able to rate one 
or two non-computational aspects regarding visual/struc-
tural details (eg, presence of colours in the table, wording 
of column headings, layout, etc) of the reporting check-
list in a similar binary fashion. We believe that the binary 
rating system, in contrast with rating scale approaches, 
will provide a more implicit/genuine view48 and improve 
response rates.49 50 Three weeks will be given to complete 
the form in each round, with one reminder email sent to 

Figure 2  Flow diagram of the modified Delphi consultation 
process to arrive at consensus regarding the items to include/
exclude from the reporting checklist from the perspective of 
reporting items being introduced, voted on and subsequently 
kept or excluded. Each round is separated by collation of 
feedback, revision based on feedback, piloting, etc.
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non-responders 1 week before each deadline and another 
reminder email 1 day before the deadline, as well as a 
maximum of 1 week between rounds to decrease attrition 
rates.51 Efforts will be made to increase interest and sense 
of ownership in the study results, reminding the panellists 
of their fundamental impact on the checklist, as this also 
may help reduce attrition rates.52 Ratings and feedback 
from incomplete forms will be considered in the same 
way as fully completed forms.

The Delphi process will be performed in a maximum 
of three rounds, a commonly chosen upper limit that has 
several benefits, eg, minimised risk of panellist fatigue 
(which may increase risk of false consensus).35 53 In 
the first round, the initial checklist (from Stage 2) will 
be evaluated by the panellists. After the first round is 
completed, the ratings and feedback will be collated and 
discussed within the computational core group to revise 
wordings. Additional reporting items suggested by panel-
lists will be added if at least 50% (2/4) of the computa-
tional core group approves them (internal informal voting 
in a Microsoft Word document). Furthermore, the check-
list will be piloted by students/colleagues (n=3, arbitrarily 
defined) of members of the computational core group, 
who will provide additional feedback on usability (time 
allocated, difficulties/ambiguities, etc). Finally, the non-
computational core group will also be consulted for sugges-
tions for improvement in an informal manner with the 
aforementioned input/revision in context (eg, relating 
to wording). In the second round, the initial checklist 
(revised as per above) and added items (as per above) 
will be evaluated by the panellists. In this round, there 
will not be a free-text box for suggesting new reporting 
items (to ensure that each reporting item can be evalu-
ated at least two times). Additionally, for each reporting 
item, the percentage for each rating decision will be 
displayed, together with anonymised comments justifying 
the two rating decisions as well as the panellist’s previous 
rating, if such is available. In all other aspects, round 
two will be performed as in the first round, with the 
same postround procedures (except for no assessment 
of suggestions for new reporting items). At round three, 
only items which have not yet attained consensus from 
the panellists will be evaluated, while those attaining such 
status will only be displayed for information purposes 
(although a free-text box to further polish wording will 
remain). Consensus has been defined in many ways in 
Delphi studies, although a percentage of agreement is 
the most commonplace, with 75% being the median in 
a systematic review of such studies (range: 50%–97%), 
all levels ultimately being arbitrary.35 Given that binary 
rating measures may provide higher rates of consensus 
due to the mere format,50 we will define consensus as 80% 
of panellists rating either ‘keep’ or ‘remove’. Beyond this, 
some argue that ‘stability’ (eg, ≤15% change in responses 
across two rounds)54 should be an additional criterion.34 
Given that feedback indicating a high level of agreement 
triggers an increase in agreement and vice versa,55 it is not 
obvious how stability should be defined or interpreted 

as a consensus criterion. For this reason, we will use a 
concept of ‘stability beyond threshold’, which means that 
to attain the status of consensus, a reporting item must 
have received agreement of ≥80% for two rounds (for 
inclusion) or ≤20% for two rounds (for exclusion). If all 
reporting items have attained consensus after round two, 
round three will not be performed. Reporting items that 
do not attain consensus after round three will be evalu-
ated at the consensus meeting (Stage 4).

Stage 4: consensus meeting to finalise checklist
The computational core group, the non-computational core 
group and the internal collaborators will meet in a virtual 
consensus meeting to finalise the checklist. Prior to this 
meeting, DL will collate all rating data and feedback 
provided thus far and send it out to participants 1 week in 
advance. Reporting items that have attained consensus in 
the modified Delphi consultation process will automati-
cally be included in the checklist, although specific word-
ings may still be altered slightly at this stage. Reporting 
items that have not attained consensus will be voted on, 
and if failing to reach 80% (for inclusion) or 20% (for 
exclusion), the computational core group will informally 
make the final decision with explicit justification.35 The 
non-computational core group will have the final decision 
regarding the non-computational elements (wording, 
layout, etc). The dissemination strategy will also be infor-
mally discussed. All rating/feedback data, together with 
notes and voting data from the consensus meeting (for 
which one participant in the meeting will be selected to 
be responsible for collating), will be made available on 
an online repository (link in Ethics and dissemination). 
If substantial changes are made, an additional pilot 
(performed as per Stage 3) will be performed to provide 
comparison data on usability.

Stage 5: production of manuscript(s)
The computational core group and non-computational core 
group will prepare a draft of the statement manuscript. 
The internal collaborators will start participating at the 
revision stage, during which all of the aforementioned 
co-authors will provide edits and comments for sugges-
tions. Depending on the length of the manuscript and 
the checklist, an additional manuscript (E&E), as recom-
mended by the EQUATOR Network,18 will be produced 
to provide in-depth rationale for inclusion and good 
examples of each reporting item.

Stage 6: dissemination
We aim to publish in at least one high-impact journal, and 
possibly multiple key journals (depending on practical/
logistical factors), to ensure broad outreach to different 
readership groups. The publications will be open access 
to further increase implementation, and the checklist will 
be made available in a repository and a dedicated web 
platform. We will also seek indexing on the EQUATOR 
Network and contact relevant journals to recommend the 
use of TRoCA in submission guidelines. The reporting 
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guidelines will be further disseminated through relevant 
conferences, social media and courses by the authors. 
Additional postpublication activities recommended by 
the EQUATOR Network, such as evaluating impact, devel-
oping extensions and adherence assessment forms,18 will 
also be evaluated for relevance.

DISCUSSION
TRoCA is anticipated to widely benefit the field of cluster 
analysis by providing a broad consensus-based foundation 
for reporting such studies, subsequently increasing trans-
parency and improving the precision and clarity with 
which similar works may be compared. We believe that 
TRoCA will be useful in most clustering contexts due to 
its context-agnostic and minimalistic composition, which 
may be modified or complemented with other reporting 
guidelines if needed for highly specialised studies. Finally, 
researchers will be able to guide the development of 
cluster analysis-based studies at early stages to proac-
tively make more informed and sensible methodological 
decisions.

Ethics and dissemination
The research described in this protocol is exempt from the 
requirement of ethical review according to Swedish regu-
lations (Ethical Review Act), which is further explained in 
an official document from the University of Gothenburg 
(see online supplemental file 1). All Delphi study partic-
ipants will be asked for their informed consent before 
taking part, and the Delphi studies will be performed in 
accordance with the Helsinki Declaration. The findings 
of this study will be disseminated through peer-reviewed 
publications. The final checklist and detailed explanation 
for each reporting item will also be made freely available 
in a repository56 and on a dedicated web platform (troca-​
statement.org).
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