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ABSTRACT
Introduction Uncertainty is an inevitable part of 
healthcare and a source of confusion and challenge to 
decision- making. Several taxonomies of uncertainty have 
been developed, but mainly focus on decisions in clinical 
settings. Our goal was to develop a holistic model of 
uncertainty that can be applied to both clinical as well as 
public and global health scenarios.
Methods We searched Medline, Embase, CINAHL, Scopus 
and Google scholar in March 2021 for literature reviews, 
qualitative studies and case studies related to classifications 
or models of uncertainty in healthcare. Empirical articles were 
assessed for study limitations using the Critical Appraisal 
Skills Programme (CASP) checklist. We synthesised the 
literature using a thematic analysis and developed a dynamic 
multilevel model of uncertainty. We sought patient input to 
assess relatability of the model and applied it to two case 
examples.
Results We screened 4125 studies and included 15 
empirical studies, 13 literature reviews and 5 case studies. 
We identified 77 codes and organised these into 26 
descriptive and 11 analytical themes of uncertainty. The 
themes identified are global, public health, healthcare 
system, clinical, ethical, relational, personal, knowledge 
exchange, epistemic, aleatoric and parameter uncertainty. 
The themes were included in a model, which captures the 
macro, meso and microlevels and the inter- relatedness 
of uncertainty. We successfully piloted the model on one 
public health example and an environmental topic. The 
main limitations are that the research input into our model 
predominantly came from North America and Europe, and 
that we have not yet tested the model in a real- life setting.
Conclusion We developed a model that can comprehensively 
capture uncertainty in public and global health scenarios. 
It builds on models that focus solely on clinical settings by 
including social and political contexts and emphasising the 
dynamic interplay between different areas of uncertainty.

BACKGROUND
Uncertainty is the only certainty there is and 
knowing how to live with insecurity is the only 
security—John Allen Paulos1

Uncertainty is an inevitable part of clin-
ical practice.2 It can occur at every step of 
the clinical pathway: in delineating a disease, 
narrowing down a diagnosis, choosing a 
procedure, ascertaining which outcome is 
important to a particular patient and assessing 
the outcome or interpreting the findings of 
a measurement, for example. As the condi-
tion of patients becomes more complex, for 

WHAT IS ALREADY KNOWN ON THIS TOPIC?
 ⇒ Uncertainty is inherent to clinical care and can 
be a source of confusion and a challenge to 
decision- making.

 ⇒ Uncertainty can become even more pronounced for 
public or global health scenarios as the COVID- 19 
pandemic has made painfully obvious.

 ⇒ Current models of uncertainty in healthcare mainly 
focus on clinical decision- making within a restricted 
healthcare system context.

WHAT THIS STUDY ADDS?
 ⇒ The synthesis highlights specific challenges that 
increase uncertainty in public and global health con-
texts such as political dimensions, social circum-
stances and equity issues.

 ⇒ Uncertainty can occur at a micro, meso and mac-
rolevel and is interconnected and can interact 
dynamically.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY?

 ⇒ In tackling public and global health challenges, a 
variety of uncertainties and their interplay should be 
considered.

 ⇒ Possible applications of our model of uncertainty in-
clude exercises to identify and map specific uncer-
tainties to aid the development of public and global 
health recommendations, priority setting for health 
research and situational analyses.

 ⇒ More case studies are required on the application 
of models of uncertainty to public and global health 
challenges.
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example, due to multimorbidity, layers of uncertainty 
add up. In such cases, health professionals and patients 
not only strive to make sense of and consider numerous, 
conflicting health problems but also to ensure the 
optimum coordination of care.3 Trying to choose the 
‘best’ option from different alternatives may pose a chal-
lenge; at the same time, any decision, even when well- 
informed and supported by high- quality evidence, can 
lead to less desirable outcomes for the patients. It is often 
difficult to appreciate how intricately complex these tasks 
are and how easily wrong conclusions can be deduced.

Numerous definitions of uncertainty have been 
proposed in healthcare. Mishel 1990 defined uncertainty 
as ‘the inability to determine the meaning of illness- related 
events and occurs in situations where the decision- maker 
is unable to assign definite values to objects and events 
and/or is unable to accurately predict outcomes because 
sufficient cues are lacking’.4 After examining the various 
definitions, the common features related to uncertainty 
can be summarised to obtain a working definition, which 
suggests that uncertainty is a subjective perception and a 
cognitive state of mind where there is conscious aware-
ness of being unsure and represents a multidimensional 
phenomenon. Although it has been identified as a multi-
dimensional phenomenon, a taxonomy that captures the 
dynamic nature of uncertainty is lacking.2 5–13

Fox8 and Light9 each developed a conceptual frame-
work of medical residents’ experiences of uncertainty. 
Mishel10 has written extensively about patients’ experi-
ences of ‘uncertainty in illness’ in the nursing literature. 
Later, Beresford11 proposed a new classification of uncer-
tainty based on interviews with clinicians from a variety of 
healthcare settings. In order to harmonise the literature, 
Han et al proposed a three- dimensional taxonomy based 
on the sources, issues and loci that characterise uncer-
tainty in healthcare.2 Recently, three scoping reviews 
further classifying uncertainty in healthcare have been 
reported. Pomare et al6 added categories to Han’s frame-
work2 to develop a taxonomy of uncertainty in complex 
healthcare settings. Lee et al12 developed a framework of 
clinical uncertainty for medical education while Hong 
et al13 evaluated uncertainty in communicating cancer- 
related genetic risk information.

Previous models of uncertainty focus on decision- 
making scenarios in clinical settings. These have typi-
cally classified uncertainty in a discrete and segmented 
manner and have not accounted for the dynamic inter-
play between different types of uncertainty at multiple 
levels such as the clinical, public and global levels. When 
a patient makes a clinical decision on an individual level, 
the decisions at the public or global level directly and 
indirectly affect them. The global pandemic is a good 
example of this interaction: the political issues that affect 
population- level decisions on use of face mask or vaccine, 
either directly affect individual decisions through changes 
in national guidelines or indirectly through the media 
attention towards the political controversy and uncer-
tainties. In this paper, we focused on a broader range of 

decisions that not only focused on uncertainty arising in 
clinical decision- making which looks primarily at indi-
vidual interactions between patients and clinicians but 
also involved population- level decisions. In this paper, 
we use the term public health level and global health 
level as separate definitions. Public health decisions 
focus on issues that affect the health of the population 
of a particular community or country.14 Global health 
decisions involve ‘health issues that transcend national 
boundaries and governments and call for actions on 
the global forces’.14 We recognise that there is a lot of 
overlap between these concepts, but we wanted to have 
categories that differentiate population- level decisions 
that might be on community level, local or national level, 
from population- level decisions that happen on global 
scale. Our rationale was that decisions in communities 
that are closer to us (what we refer to here is the public 
health level) might affect us more than global level deci-
sions (that happen on a global political level that tran-
scends national boundaries and governments).

The objective of this paper is to see whether there is 
a unified or generalisable taxonomy of uncertainty for 
healthcare; and if not, to develop a holistic model that 
covers different levels of decision- making in healthcare 
based on findings from a systematic review. Further-
more, we show how the model can be used in one health 
(water fluoridation) and one non- health scenario (land-
scaping). The examples are intended to show how the 
model can be applied to healthcare (from where the data 
have been derived) and also more broadly to other areas 
(where further data are needed to support the model).

METHODS
All methods used in this review were prespecified in a 
study protocol, which was registered in the open science 
framework.15 The review is reported according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guidelines.16An initial scoping search was 
performed as a preliminary step to develop and refine 
the methods and identify existing conceptual models of 
uncertainty from articles, reviews, books and book chap-
ters.

Search strategy: identification of papers and relevant 
databases
Search technique
The Sample, Phenomena of Interest, Design, Evalua-
tion and Research type (SPIDER)17 question format that 
is adapted from the Patient/Population, Intervention, 
Comparison, Outcome (PICO) tool was used to search 
for studies as shown in table 1.

We searched five databases to identify articles related 
to taxonomies of uncertainty in healthcare (Medline 
via Ovid, Embase via Ovid, CINAHL via EBSCO Host, 
Scopus via Ovid and Google scholar). We combined 
subject headings and free text terms using truncation 
and appropriate Boolean operators, as available. Search 
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terms included synonyms for uncertainty, health care 
and taxonomy as follows: (“uncertaint*” OR “ambiguity” 
OR “doubt “OR “confusion “OR “unsure” OR “equiv-
ocal”) AND (taxonom* OR classification OR variet* OR 
conceptual model* OR typology) AND (“healthcare” OR 
“health related information” OR “medical” OR “dental” 
OR “nursing”). Reference lists of the potentially included 
articles were searched and screened for eligibility. 
Searches were conducted on 21 March 2021.

Study selection criteria
Studies that had the primary objective of developing a 
taxonomy or conceptual model of uncertainty in health-
care or to identify and classify different types of uncer-
tainty derived from the literature or empirical research 
were included. Studies that presented an expansion, 
subtype or modification of an existing framework, model 
or taxonomy of uncertainty in healthcare and case studies 
that used cases to classify uncertainty were also included. 
Excluded studies did not develop a new taxonomy and 
used an existing taxonomy to map uncertainties in their 
specific context. The inclusion criteria allowed for studies 
reported in all languages.

Assessment strategy: process of appraisal of papers to 
include in the review
The results obtained were screened in Rayyan software 
by two authors (PE and KK) applying the study selection 
criteria. We piloted the screening process with 100 arti-
cles to build a common understanding on how to apply 
the eligibility criteria before screening the rest of the arti-
cles. Disagreements were resolved by discussion and by 
consulting the arbiter if needed (MN). Full texts for the 

potentially included articles were obtained and screened 
for inclusion by two authors (PE and KK). Disagree-
ments were to be resolved by consulting an arbiter (RB), 
however, this was not required. Reasons for exclusion 
were noted in the characteristics of excluded studies’ 
table (online supplemental file 1).

Synthesis strategy: data extraction and quality assessment
We developed a data extraction form and piloted it with 
10 studies before applying it to the rest of the studies. 
We extracted data from the included studies on publi-
cation date, geographical location, type of study and 
model of uncertainty reported (original/extension of 
existing). Data extraction was performed by PE and KK 
independently and in duplicate.

We assessed the quality of included studies using the 
Critical Appraisal Skills Programme (CASP) qualitative 
analysis tool.18 We did not exclude studies based on the 
quality appraisal. No weighting or overall rank was given 
to the items, and we presented the judgement in each 
area, so readers can assess areas of stronger and weaker 
methods and reporting. Thresholds for judgements were 
discussed during piloting of the data extraction form. All 
judgements were made independently by two authors 
(PE and KK) and disagreements were resolved through 
discussion.

Synthesis strategy: data analysis
The data obtained from literature review articles were 
subjected to descriptive analysis. For the studies using 
empirical research and the case studies, thematic synthesis 
was conducted as described by Thomas and Harden.19 
Thematic synthesis was performed in three stages. First, 
the findings were coded line by line; second, ‘free codes’ 
were organised into related areas and ‘descriptive’ themes 
constructed; and finally, we organised the descriptive 
themes into overarching ‘analytical’ themes.

Stages 1 and 2: coding text and developing descriptive 
themes
N- VIVO 12 pro software was used to store and manage 
the data from decisions that the researchers made during 
the thematic analysis. We coded the studies for themes 
relevant to the questions of interest. Coding was applied 
to the text labelled as ‘results’ or ‘findings’ and ‘discus-
sion’ for studies pertaining to empirical research and to 
the entire text for case studies. Coding was done by PE. 
In addition, a sample of six studies each were coded by 
two additional authors with different backgrounds (RB, 
MN) to gain a broader understanding of the issue and to 
increase reflexivity. Descriptive themes basically remain 
‘close’ to the primary studies (what is identified from the 
articles) and the analytical themes ‘represents a stage of 
interpretation where reviewers ‘go beyond’ the primary 
studies and generate new interpretive constructs’19

Stage 3: generating analytical themes
Analytical themes were identified by giving our own 
meaning to the data obtained. It was dependent on 

Table 1 SPIDER question format

Sample

Studies describing types/
classifications/taxonomies/
conceptual models of 
uncertainties related to 
people/patients/healthcare 
providers/policymakers/
healthcare systems

Phenomenon of Interest Uncertainties in healthcare

Design Any, for example, qualitative, 
quantitative and mixed- 
method studies

Evaluation/outcome A conceptual framework or 
taxonomy of uncertainties 
or elements identified from 
the research that can be 
contributed to the framework

Research tool Any tool for collecting data 
(eg, interviews, surveys, 
analysis of secondary data)

The SPIDER (Sample. Population of Interest, Design, Evaluation, 
Research type) tool was adopted to define key elements of the 
review question and standardise search strategy.
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the judgement and insights of the reviewers. Hence, a 
consensus meeting was conducted among three reviewers 
(PE, MN and RB) to segregate the descriptive themes 
into analytical themes representing areas of uncertainty 
in healthcare and defining them.

In keeping with quality standards for rigour in qualita-
tive research, we considered our own views and opinions 
of uncertainty in healthcare and possible influences on 
the decisions made during the coding process and on 
how the emerging results of the study influenced those 
views and opinions. Reflexivity was recorded during the 
coding process. The audit trail was generated to provide 
some transparency and give readers an insight into the 
lens through which we have viewed our data (online 
supplemental file 2).

Deviations from the protocol are recorded in the 
differences between protocol and review section (online 
supplemental file 3).

Using the findings of the thematic synthesis, we 
proposed an interdependent multilevel conceptual 
model of uncertainty in healthcare (figure 1).

Patient and public involvement
Although we did not conduct any extensive interviews with 
stakeholders, we did involve a few patients informally in 
this systematic review and sought their views on our newly 
developed model. We took a pragmatic approach where we 
used an interactive explanation of our project using videos 
and shared with patients from different backgrounds, age 
groups and gender who had experienced health- related 
uncertainty. Seven agreed to participate. We incorporated 
their comments in the review.

RESULTS
Search results
A total of 4125 titles were found through the five data-
bases searched. After deduplication, 4107 remained. 
Through title and abstract screening, 4025 studies were 
excluded. A total of 82 studies were considered for full- 
text screening. From the 82 articles, we checked the cross 
references and identified 59 more articles for which 
full- text screening was done. Among the 141 screened 
for eligibility, 100 studies were excluded as they were 
not related to taxonomies of uncertainty. Eight studies 
that were pertaining to uncertainty but could not be 
considered for inclusion were excluded with reasons (eg, 
authors summarised uncertainty given by others but have 
not given their own classification or uncertainty classi-
fication did not relate to healthcare setting). These are 
presented in characteristics of excluded studies table 
(online supplemental file 1). Thirty- three studies were 
included in the final analysis (figure 2).

Study characteristics of included studies
The 33 included articles were published from 1957 to 
2021. The majority of the included articles were reported 
from North America, 18 from the USA,2 5 8–10 20–32 3 from 
Canada11 33 34 and 2 from Mexico.35 36 Of the remaining, 
six studies were reported from Europe,37–42 two from 
Asia,13 43 one from Australia6 and one from New Zealand.12

Fifteen studies used empirical research to develop 
classifications, of which 12 used a qualitative method-
ology,5 11 25 27 29 30 33 34 37 39 42 43 2 used quantitative method-
ology10 22 and 1 used a mixed- methods approach.36 From 
the mixed- method study, only the qualitative compo-
nent which pertained to classification development 

Figure 1 Interdependent multilevel model of uncertainties in healthcare.
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was considered. Five of the included studies were case 
studies.28 32 38 40 41 The remaining 13 reports were liter-
ature reviews of which 3 were book chapters8 21 26 and 3 
were scoping reviews.6 12 13

Interviews were the predominantly used method of 
data collection in the qualitative studies5 11 25 27 33 34 42 43 
and the mixed- method study.36 Focus group discussions 
were used in one study30; secondary data from National 
Institute for Health and Care Excellence (NICE) docu-
ments37 in another and another29 used open- ended ques-
tionnaires to collect data. The two quantitative studies 
used surveys to collect data.10 22

Study participants included medical doctors,8 11 30 31 33 35 
medical residents,9 25 36 medical students,12 emergency 
crisis management teams,40 patients10 13 22 27 38 39 41 42 and 
parents of patients.29 43 Details of data extracted from 
included studies are provided in online supplemental 
file 4.

Quality assessment
The quality assessment of all 12 qualitative 
studies5 11 25 27 29 30 33 34 37 39 42 43 and the qualitative compo-
nent of the mixed method study36 are presented using 
the CASP tool in online supplemental file 5.

Results of data analysis from different types of papers
This section will be discussed in two ways:
1. Narrative of different types of uncertainty classifica-

tions derived from the literature.
2. Thematic synthesis of empirical research and case 

studies.

Narrative of different types of uncertainty classifications derived 
from the literature
The description of the 13 literature review studies devel-
oping taxonomies are presented in online supplemental 
file 6 and table 2. We listed the classifications proposed by 
the individual authors in online supplemental file 6. All 
authors except JM are current or previous health profes-
sionals with experience in clinical research. JM is an envi-
ronmental scientist. The themes and codes were initially 
coded by PE, MN and RB and then double checked by 
KK, SH and JM. JM provided a non- healthcare viewpoint 
to reduce the impact of the authors healthcare back-
ground on categorising and grouping of studies.

We recognise that the uncertainties discussed in these 
papers are heterogeneous as some discuss “what causes 
uncertainty” (knowledge deficits2 8 12 13 20 21 26 31 35 or 
probability2 8 13 20 21 26 35) while some discuss “the issues 
causing it”(healthcare system2 6 12 24 or clinical prac-
tice2 9 12 13 20 23 26 31). Some papers discuss the uncertainty 
caused due to interpersonal relationships2 9 12 23 or patient 
experiences19 23 26 and some discussed two or more cate-
gories. We tried to segregate papers with some common 
patterns and present them in table 2.

Thematic synthesis of empirical research and case studies
Free codes were identified using the line- by- line coding 
method and this allowed us to translate concepts from 
one study to another. As we coded each new study we 
added to our ‘bank’ of codes and developed new codes 
when a new concept was identified. Some of the sentences 
were categorised using several codes, for example, in 
one study a parent whose child’s diagnosis was uncertain 
commented: “I am also anxious about knowing exactly what 
her diagnosis is so I can be aware when I have more children”.29 
This sentence was coded under both patients’ personal 
fears as well as diagnostic uncertainties. In another 
example, a physician commented on dilemmas due 
to lack of resources: “For us it hasn’t been a choice between 
patient A or patient B. We've never had a situation that clear.…
problem of balancing patients with quite different conditions 
who need access to the same bed, personnel, or equipment”.11 
This was coded under both ethical dilemmas and lack of 
resources. The initial coding process allowed us to iden-
tify 107 codes, which were revised to eliminate overlaps. 
The final 77 codes were organised into 26 descriptive and 
11 analytical themes based on the judgement and discus-
sions among the authors (online supplemental file 7).

We defined the 11 analytical themes and described them 
by citing examples from the primary studies included in 
the synthesis. These themes are not necessarily mutually 
exclusive. There are overlapping areas. For example, 
whether COVID- 19, cancer or heart disease, all raise 
uncertainty that is simultaneously experienced by indi-
viduals, healthcare institutions communities and soci-
eties, and that ultimately cross boundaries and require 
cooperation of different countries for effective manage-
ment. And conversely, individual issues managed in the 
single exam room also raise uncertainties at the aggregate 

Figure 2 PRISMA chart. PRISMA, Preferred Reporting 
Items for Systematic Reviews and Meta- Analysis.
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level. However, we discuss the themes independently to 
demonstrate the special challenges or limitations that 
they introduce.

Theme: global uncertainty
Global uncertainty deals with health issues, which evade, 
undermine or go beyond the territorial and polit-
ical boundaries, and, thus, require the cooperation of 
different countries to manage them effectively.

For example: epidemics/pandemics and the impact of 
climate change on health create uncertainty that tran-
scends national boundaries. One characteristic of this 
uncertainty is the involvement of more than two coun-
tries, with at least one outside the traditional regional 
groupings. Global politics, media and internationalisa-
tion can influence the extent or impact of the uncertainty.

An example from the primary studies is the global 
uncertainty created by the Zika virus pandemic.40

“Uncertainty, in sum, was crucial in categorizing the Zika crisis 
as an international emergency. This was a particular form of un-
knowing, however, understood by key global health institutions, 
most notably the WHO, as the confusion created by the absence of a 
scientific consensus on the nature of the association between ZIKV 
infection and microcephaly”.40

Theme: public health uncertainty
Uncertainty regarding issues that affect the health of the 
population of a particular country or community or soci-
ety, which are within the realms of national boundaries.

This uncertainty relates to issues pertaining to improving 
and protecting community health and well- being and 

Table 2 Common patterns across papers

Common concepts identified in 
the included studies Studies discussing the concept Description of the concepts

Uncertainty pertaining to 
knowledge deficit and qualities 
of knowledge or epistemic 
uncertainty

Fox8

Mishel20

Smithson21

Babrow et al35

Djulbergovic et al26

Han et al2

Wray and Loo31

Hong13

Lee et al12

This source of uncertainty can be limited knowledge 
or limitations in the quality of knowledge. Moreover, 
if the knowledge is provided in a way that is not 
understandable or ambiguous for the receiver or the 
audience it can lead to uncertainty. Complexity in 
the information or the context that the information is 
provided or used can also lead to uncertainty.

Uncertainty due to unpredictability 
or aleatoric uncertainty

Fox8

Mishel20

Smithson21

Babrow et al35

Djulbergovic et al26

Han et al2

Hong13

Random error is a well- known aspect in scientific 
research. Although up- to- date evidence informs us 
on treatment or interventions with a higher probability 
to show certain effects on the patients, there is a 
variability in these effects due to random error. The 
latter can introduce uncertainty in the healthcare 
context.

System- related uncertainty Begun and Kaissi24

Lee et al12

Pomare et al6

Han et al2

Healthcare decisions are made in a wider healthcare 
system that introduces several levels of complexities 
and consequently uncertainty on the delivery and 
impact of the healthcare decisions.

Uncertainty in clinical practice Light9

Mishel20

Penrod23

Djulbergovic et al26

Han et al2

Wray and Loo31

Hong13

Lee et al12

Although this category of uncertainty has an overlap 
with the healthcare system uncertainty, this pertains 
primarily to scientific uncertainty encountered in 
clinical practice -concerning to diagnosis, analysis, 
and treatment. Most of the included studies in this 
category discussed the complex interplay of variability 
in patients, disease presentations and clinical 
practices leading to uncertainty.

Uncertainty in patient experiences Penrod23

Mishel20

Djulbergovic et al26

Patients’ previous experiences and cultural contexts 
that they live in, shape what outcomes they prefer 
or what they find acceptable. That can become 
an additional level of uncertainty in the healthcare 
decision- making process especially if there are 
conflicting values or interests between the information 
provider or healthcare professional and the patient.

Uncertainty due to relationships Penrod23

Light9

Han et al2

Lee et al12

The different type of relationships that are shaped 
between doctor–patient or their families, can affect 
the nature of uncertainty that the individuals need to 
consider when they decide.  on M
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disease prevention strategies among the public. Uncer-
tainty in public- level data such as lack of epidemiological 
data on risk distribution or lack of uniformity in national 
health campaigns to prevent infectious diseases in the 
community leading to health inequalities are examples 
in this category.

An example from the primary studies includes how 
the Zika virus pandemic impacted public health at the 
national level due to lack of epidemiological data.40

“…public health uncertainty was initially exacerbated by the inten-
sification of surveillance efforts. The need to standardize clinical 
reporting protocols brought greater scrutiny to practices of prenatal 
and perinatal care, revealing shortcomings across the country, in-
cluding limitations in the national system for registering congeni-
tal and birth abnormalities”.40

This uncertainty is different from global health 
uncertainty. Although public health uncertainty is also 
affected by political and social issues, global health issues 
cross national boundaries and add in another layer of 
complexity not only from political but also social and 
cultural aspect. Hence, we felt this requires a category of 
its own to demonstrate the uncertainty introduced in the 
decision- making process.

Theme: healthcare system uncertainty
Uncertainty emerging from the manner in which services 
and systems are structured and organised, while involving 
the navigation of the patient in the complexities of the 
healthcare delivery.

This includes uncertainty that arises from challenging 
pathways for complex health problems that cause confu-
sion and anxiety for those involved, leading to different 
approaches depending on how individuals perceive 
them.

An example from the primary studies includes resident 
uncertainty during transition of care25 and surgeon’s 
uncertainty due to resource constraints.33

“…the major categories observed included uncertainty in decision 
making at times of transition of care, specifically the determination 
of whether patients required escalation of care (eg, transfer to the 
intensive care unit) or were prepared for discharge”.25

“…scheduling- related issues of being on call, staffing, time 
pressures, and equipment- related issues such as the availability 
and function of tools (led to uncertainty)”.33

Theme: clinical uncertainty
Uncertainty experienced during patient–physician en-
counters in a clinical setting when confronted with the 
dilemmas relating to diagnosis, treatment and prognosis 
due to variability in disease presentation, in feasible inves-
tigations or multiple comorbidities.

The following example from a primary study shows 
clinical uncertainties perceived by people with cancer:

“… (clinical) uncertainties immediately associated with a medical 
decision: uncertainty about diagnosis and prognosis and about the 
right treatment choice”.42

Theme: ethical uncertainty
Uncertainty that arises due to the inability to determine 
the right course of moral action in a given situation

In healthcare, ethical uncertainty can arise due to 
conflicts between the autonomy of a patient and the 
beneficence to the patient in situations when
1. patient might prefer an option that is inferior from a 

purely clinical standpoint or
2. a choice has to be made between two equally unsatis-

factory options or
3. proxy decisions need to be made on behalf of the 

patient.
The ethical dilemma faced by the clinicians when they 

had to decide whether the D- feed (a medical device that 
is used to feed an individual who is unable to take food by 
mouth safely) had to be removed or continued provides 
an example from one of our primary studies11:

“The next of kin were out of the country and could not be reached. 
We had no indications of the patient’s advance wishes at all. We 
had some very, very vague indication that the person we were deal-
ing with would not have wanted to prolong life”.11

Theme: relational uncertainty
Uncertainty arising from interpersonal relations and inter-
actions among the various stakeholders in the context of 
healthcare

The interaction could be between the physician and 
the patient or another physician, or patients’ family 
members as shown in the following quote:

Working with other professionals and family members to 
achieve a management plan created troubling uncertain-
ty.30

Uncertainty can also arise when one clinician interacts 
with other clinicians or while working as a member of 
the healthcare team as shown in the following example 
where second opinions led to even more uncertainty:

“When the diagnosis was uncertain, AiTs tried to use referral 
networks, pathways and advice from colleagues, while not always 
obtaining a usable opinion….my second opinion (from a trainer) 
I got no diagnosis, all I got was an option that the patient had 
already used that did not work’ (AiT12- M)”.30

Theme: personal uncertainty
Uncertainty experienced individually by all stakeholders in 
the healthcare system due to their personal beliefs, values, 
fears, previous experiences, risk perceptions and tolerance 
level

For example, individuals who are less risk averse might 
not consider a specific amount of uncertainty a barrier to 
decision- making, while for others, it would be the cause 
of anxiety and indecisiveness.

An example from the primary studies is the uncertainty 
faced by a mother whose child had ‘orphan illness’:

“So [,] it’s not cancer, right?” Despite the conversation she had just 
had with an oncologist about the benign vascular anomaly, she 
was concerned that the birthmark had other health risk”.29
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Theme: knowledge exchange-related uncertainty
Uncertainty that arises due to the approaches taken when 
knowledge is communicated and exchanged

For example, uncertainty can arise due to the inability 
to access updated information by patients or clinicians. 
People often research information online or talk to 
others about their experiences:

“…parents' information- seeking behaviours in response to their 
negative appraisal of uncertainty recurrently led to more uncer-
tainty”.29

Lack of patient- centred or individually tailored commu-
nication strategies exaggerate this type of uncertainty.

An example from the primary studies includes a mother 
of an 11- week- old daughter who expressed concern about 
the physicians’ uncertainty about surgery. She stated,

“…they were discussing the treatment option in front of me as ‘ex-
perimental’ and I wasn't sure they really felt it would work”.29

Theme: epistemic uncertainty
Uncertainty related to quantity and quality of knowledge.

This could be attributed to lack of information leading 
to inadequate knowledge; or to the quality of informa-
tion, which lacks clarity or is ambiguous.2

Too much information with unexplained inconsis-
tency, and lack of evidence can also lead to uncertainty 
exemplified in the following quotes:

“There is paucity of data to predict the effects of certain factors in 
the progress of a disease or the outcomes of certain interventions”.11

“Paradoxical and ambivalent uncertainty dilemma between 
treatment- related danger and recovery- related hope that influences 
decision- making. This dilemma confirms that more information 
can increase uncertainty and compromises parents' decision- 
making abilities”.11

Theme: aleatoric uncertainty
Uncertainty that is inherent in healthcare due to unpre-
dictability of events.

This uncertainty arises due to a chance factor and 
makes it difficult to predict the variations in disease inci-
dence or outcome of treatment.

“The trouble is that you can't tell when you take on a seventy- five- 
year- old man or woman with coronary- artery disease, Some of them 
do very well and some of them just exist and after a few months 
major catastrophe and die or be left even more crippled”.11

“I think the not knowing what will happen with her illness is the 
hard part”.29

Theme: parameter uncertainty
Uncertainty arising due to limitation in knowledge relat-
ed to the values of each of the parameters included in the 
model or the absence of evidence about parameter values.

For example, a variable that is considered prognosti-
cally important for a particular patient and that is not 
included in the prediction model recommended in the 

local guideline can impede quantification or question 
the validity of data.

An example from the included studies:

“How does one employ parameters universally? …this was partic-
ularly so when the criteria to be applied were felt to be inadequate 
or controversial”.11

Model development
Based on themes identified from the thematic synthesis, 
we developed an overarching model of uncertainty 
(figure 1). The representation of the model in concentric 
circles demonstrates the interdependency and interrelat-
edness of the different types of uncertainty in healthcare 
although they happen at different levels. We illustrated 
the model at three distinct yet interdependent levels: 
the macro, meso and microlevel. We define macrolevel 
uncertainty as those affecting communities and socie-
ties as a whole and hence categorised the global, public 
health and healthcare system uncertainties in this level. 
The mesolevel pertains to the groups and relationships 
between the entities such as physician patient interac-
tion or interaction of the clinician with the members of 
the healthcare team. We mapped the clinical, relational 
and knowledge exchange uncertainties in this level. The 
microlevel relates to individual- level uncertainty affected 
by personal values, beliefs and trust issues and, hence, we 
mapped the personal- level uncertainty in this level. The 
epistemic, aleatoric, ethical and parametric uncertainties 
happen at all the three levels and form a link between 
the levels.

DISCUSSION
This systematic review was able to deconstruct the sepa-
rate layers of uncertainty affecting health decisions 
and demonstrate their dynamic interplay, which was 
not adequately illustrated in previous papers. This is 
consistent with the complex cognitive processes required 
to deal with uncertainty in decision- making44 and raises 
the question whether we should conceptualise and study 
uncertainty as a ‘system problem’ rather than studying 
single aspects of uncertainty in isolation from each other. 
This approach allows us to acknowledge that uncertainty 
can change and evolve during interactions between 
different people.

As we mentioned, our updated model for the taxonomy 
of uncertainty emphasises the dynamic nature and inter-
relation of different elements in the decision- making 
process. It can be used to better guide future communi-
cation and engagement strategies to support patients and 
clinicians and help in managing uncertainty in decision- 
making. For example, our model discusses specific issues 
like uncertainty around the data, along with broader 
issues like global uncertainty which considers the 
changing global political environment.

All the participants from our patient public invovlement 
exercise predominantly had uncertainty at the microlevel 
(personal uncertainty) and mesolevel (clinical, relational 
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and knowledge exchange uncertainty). Epistemic uncer-
tainty was identified by the majority of the participants, 
and healthcare system uncertainty and aleatoric uncer-
tainty were also identified.

Although there were no new categories of uncertainty 
added to the model, the patient involvement allowed us to 
appreciate better the dynamic interaction of one uncer-
tainty with another in a given situation, as experienced 
by the participants. It demonstrated that even smaller 
clinical decisions that only affect one person can have 
multiple layers of uncertainty affecting those decisions. 
The patient involvement unveiled that the complexity of 
a decision is not necessarily correlated with how many 
people it influences; a clinical decision involving one 
individual can in certain contexts have multiple layers of 
uncertainty. It became apparent that even very personal 
decisions have many levels of complexities involving 
a range of uncertainties. For example, a participant 
related how she had fertility issues and faced not only 
clinical uncertainty related to treatment outcomes but 
also personal and relational uncertainties due to lack 
of emotional support from family and doctors. Another 
example is of a mother of a new- born baby who spoke 
about her personal uncertainty due to lack of support 
especially after childbirth and epistemic uncertainty she 
faced due to lack of knowledge on how to handle the baby 
in the initial few days. She narrated how it was assumed 
that breast feeding would come naturally and was treated 
unkindly by the nurses and lactation consultants, leading 
to relational and healthcare system uncertainties. Our 
review also raises the question whether conceptualising 
these elements as separate and isolated issues is useful or 
if we should see them as dynamic items that can change 
over time and in different contexts even for the same 
decisions. We intend to evaluate this in future research.

We have used the micro, meso and macrolevels to facil-
itate the understanding, the broadness of issues and the 
number of people that are affected by healthcare deci-
sions (figure 2). Similar to the other elements, they are 
not mutually exclusive, and decisions can be mapped 
across more than one level. For example, the mesolevel 
can refer to decisions made by regional health directors 
and affecting individuals in their region or it can refer to 
the individual decisions of the people in a region, which 
are affected by policies that were set on regional level. 
However, there is not necessarily a direct relation between 
broadness of the issues (number of people affected) and 
complexity of decision (at least not from this review).

We demonstrated the applicability of the model 
in healthcare using the example of water fluorida-
tion45 46 (table 3) and showcased how different uncertain-
ties coexist in a particular situation that contains many 
layers of complexity.

However, some health decisions have overlapping 
social or environmental components. For example, in 
some countries, the decision to remove amalgam as a 
restorative material was based primarily on its environ-
ment impact and not clinical adverse events.47–49 Keeping 

this in mind, we have piloted our framework on an 
example with an environmental focus (landscape uncer-
tainty)50 51 and were able to map all the decisions across 
it.15 Although the model was not validated for environ-
mental decisions, landscaping has gone through a similar 
evolution as health decisions, having evolved from a 
more didactic decision- making process by managers and 
policymakers to a more participatory decision- making 
process. This might explain why the framework was easily 
mapped across those decisions. However, this needs to be 
evaluated further.

Some authors52 have argued that the diversity and intri-
cacy of uncertainty work against developing a compre-
hensive and specific conceptual model of uncertainty in 
healthcare. We agree with this position but believe that 
models should be advanced conceptually to better reflect 
the evolving complexities and contexts of decision- making 
in healthcare. Healthcare has also moved away from the 
more didactic approach to decision- making to a more 
participatory approach. It has transitioned from a pater-
nalistic model of decision- making (where the key driver 
was related solely to the doctor’s experience and exper-
tise) to a shared decision- making model where patient 
factors including patient experience and preferences, 
family members, information that they are exposed to on 
the internet, add additional layers of complexity to the 
process. Despite its limitations (which we acknowledge), 
the existence of this updated framework of uncertainty 
will enable us to design better studies to capture what is 
required in healthcare decisions happening at different 
levels involving different stakeholders that we could not 
do otherwise.

The main limitation of this review is the limited scope 
and the narrow context of the included studies. We need 
more studies from more diverse populations exploring 
how uncertainty can be different in different ethnic 
groups, countries, health systems etc and how we need 
to consider them in engaging or communicating health 
information or to support health decisions. In future 
research, we will use this model to study in a multi-
ethnic group how individuals deal with different layers of 
uncertainty. Another limitation is that we did not apply 
and test the model in a real- life setting. Possible appli-
cations include, for example: identifying uncertainties 
that evolved during the COVID- 19 pandemic; identi-
fying uncertainties on public health matters in order to 
develop guideline recommendations; identifying model 
parameters and their uncertainties for predictive models 
(‘forecasting’) or assessing their limitations; mapping 
uncertainties regarding public or global health issues 
and identifying research priorities.

Finally, although three reviewers (PE, MN and RB) 
with different positions and experiences working in 
different healthcare contexts took part in the analysis, we 
acknowledge that it is impossible to completely prevent 
our personal experiences influencing the analysis. That 
said, we have made an effort to make the data used to 
derive the themes and model as transparently as possible.
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CONCLUSION
This systematic review has contributed to the devel-
opment of a new expanded taxonomy and model of 

uncertainty in healthcare decisions that reflects our 
current transitions from a more didactic to more partic-
ipatory decision- making processes across different levels 

Table 3 Application of the integrated multilevel conceptual model using water fluoridation as an example

Type of 
uncertainty Definition Example: Fluoride debate—Israel water fluoridation case45 46

Micro level

Personal Uncertainty experienced individually by all 
stakeholders in the healthcare system due to 
their personal beliefs, values, fears, previous 
experiences, risk perceptions and tolerance level.

People against water fluoridation are reluctant to voice out their views 
against the decision made by the government due to personal fears.
Personal uncertainty is also caused by the fear of chronic fluoride toxicity 
causing cancer especially to those with history of losing near ones due to 
cancer.

Meso level

Clinical Uncertainty experienced during patient–physician 
encounters in a clinical setting when confronted 
with the dilemmas relating to diagnosis, treatment 
and prognosis.

Parents from water fluoridated areas often consult dentists regarding the 
white spots on the developing dentition of their children and the possible 
influence of fluoridated water. It is difficult for the clinicians to confirm the 
aetiology of the hypoplastic lesions and ascertain the role of fluoridated 
water.

Relational Uncertainty arising from interpersonal relations 
and interactions among the various stakeholders 
in the healthcare team.

In the Israel fluoridation case, two groups were created: For and Against. 
Controversies and debates between all the involved stakeholders created 
another level of uncertainty due to interpersonal relationships.

Knowledge 
exchange

Uncertainty around how knowledge is 
communicated and exchanged.

To create a sense of certainty (despite uncertainty), policymakers and 
health professionals withhold information and provide ‘ready- made 
meal’ for providing convenient information to the public. (Israel water 
fluoridation case). Misleading information exchange leads to uncertainty.

Macro level

Healthcare 
system

Uncertainty emerging from the manner in 
which services and systems are structured and 
organised, while involving the navigation of the 
patient in the complexities of the healthcare 
delivery.

Water fluoridation is not usually part of the health system and hence in 
many contexts, it does not add a direct uncertainty to these decisions. 
However, there are other systems, for example, water system in countries 
that introduce uncertainty in these decisions. For example, certain cities 
might have mutual water systems where one city may agree for water 
fluoridation while the other does not. It introduces uncertainty whether 
we can implement water fluoridation considering where the water comes 
from, who is responsible for it and how many communities share the 
same water system and what other water sources are contaminated 
through this system.

Public health Uncertainty focuses on issues that affect the 
health of the population of a particular country or 
community or society, which are within the realms 
of national boundaries.

A typical example is the Israeli case of water fluoridation where in order 
to establish mandatory regulation, health ministry officials expressed 
information in an unbalanced format, promoting the topic of fluoridation 
by framing it in exclusively positive terms creating public level uncertainty.

Global Uncertainty related to health issues that evade, 
undermine or go beyond the territorial and 
political boundaries, and are thus beyond the 
capacity of individual countries to resolve.

Despite the contradicting evidence, Centres for Disease Control and 
Prevention and American Dental Association support mandatory water 
fluoridation and call oppositions against it as ‘myths’ while referring to 
arguments in favour of fluoridation as ‘facts’.

Uncertainty across all three levels

Epistemic Uncertainty related to quantity and quality of 
knowledge.

Cochrane’s systematic review of water fluoridation concluded that there 
is very little evidence indicating that fluoridation reduces dental caries. In 
spite of lack of evidence, water fluoridation is done globally highlighting 
its benefits creating uncertainty.

Aleatoric Uncertainty that is inherent in healthcare due to 
unpredictability of events.

Effect of fluoride on individuals may vary and it is difficult to predict the 
adverse outcomes with certainty.

Parametric Uncertainty due to lack of estimate of 
uncertainties or uncertainties in the model 
underlying the cause- effect relation or it might be 
lack of inclusion of these quantitative information 
in official updated clinical guidelines used by the 
clinician.

The current example did not use a modelling of data to inform their 
decision- making due to the nature of studies around fluoride for example, 
clinical studies along with biomedical studies. If in other contexts, 
decision- makers use a model of clinical and pre- clinical studies to make 
these decisions. Then uncertainty can arise from the existence or lack of 
estimate of uncertainty in these models.

Ethical Uncertainty that arises due to inability to 
determine the right course of moral action in a 
given situation.

The main ethical arguments against water fluoridation are infringement 
of personal freedom of consuming water without fluoride, infringement 
of personal freedom of consuming ‘natural’ water without additives and 
coercing people to consume the water as supplied.
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of the healthcare systems. It acknowledges the dynamic 
nature of uncertainty and how it can change and evolve 
and incorporates the global/public health perspectives 
that previous models did not include.

The model is built from the macro, meso and 
microlevels and includes 11 themes which are global, 
public health, healthcare system, clinical, relational, 
ethical, parametric, epistemic, knowledge exchange 
related, personal and aleatoric uncertainties. We suggest 
a fresh perspective that explicitly states the levels at which 
uncertainty occurs and meaningfully interweaves them 
with the nature of uncertainty while keeping in mind the 
actors involved and their relationships.
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Excluded studies with reason 

Author and year Title Reason for exclusion 

1. Gerrity et al 

1990 

 

Physicians’ reactions to uncertainty in 
patient care 

How physicians react to 

uncertainty scale was developed. 

No discussion on types of 

uncertainty 

2. Brugnach et 

al 2008 

 

Toward a Relational Concept of Uncertainty: 

about Knowing Too Little, Knowing Too 

Differently, and Accepting Not to Know 

Non-health care article dealing 

with uncertainty classification in 

water resource management 

3. Sommers 

2013 
Clinical uncertainty in primary care 

Authors summarised uncertainties 

given by other authors but have 

not given their own classification 

4. Broekhuizen 

et al 2015 

 

A Review and Classification of Approaches 

for Dealing with Uncertainty in Multi-Criteria 

Decision Analysis for Healthcare Decisions 

Approaches to quantify and 

incorporate uncertainty are 

discussed but not taxonomy of 

uncertainties 

5. Hillen 2017 

 

Tolerance of uncertainty: Conceptual 

analysis, integrative model, and implications 

for healthcare 

Review of uncertainty tolerance 

measures is discussed. 

6. Zhong et al 

2019 

 

“Our Job is that Whole Gray Zone in Between 
There”: Investigating Genetic Counsellors’ 
Strategies for Managing and Communicating 

Uncertainty 

Management and communication 

of uncertainties is discussed 

among genetic counsellors 

7. Helou 2020 

Uncertainty in Decision Making in Medicine: 

A Scoping Review and Thematic Analysis of 

Conceptual Models 

Based on the themes that 

emerged from their thematic 

analysis of the literature 

characterizing the effects of 

uncertainty and ambiguity on the 

decision-making process, the 

authors developed a framework 

depicting the interplay between 

these themes with a visual 

representation of the decision-

making process under uncertain 

conditions 

8. Ramani 2020 

 

Examining the patterns of uncertainty across 

clinical reasoning tasks: effects of contextual 

factors on the clinical reasoning process 

Effect of contextual factors on 

uncertainty and clinical reasoning 

is tested. Uncertainty 

classifications are not discussed 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

Initial coding in N-vivo – 107 codes identified  
 

Name Files References Memo Link Created By Created On Modified By 
 

Modified On 
 

1. Unpredictability leading to 

uncertainties 

4 4  E 8/4/2021 5:46 PM E 8/6/2021 5:46 PM 

2. Statistical uncertainty 1 1  E 7/4/2021 6:14 PM E 7/6/2021 6:18 PM 

3. Future risk leading to 

uncertainties 

3 3  E 7/4/2021 6:23 PM E 8/6/2021 7:40 PM 

4. Expensive investigations 4 7  E 4/4/2021 8:39 AM E 8/6/2021 7:38 PM 

5. Lack of robust clinical 

protocols 

4 6  E 3/4/2021 11:07 AM E 8/6/2021 7:38 PM 

6. Resemblance to other 

diseases 

2 3  E 4/4/2021 8:43 AM E 8/6/2021 7:37 PM 

7. Role of co-factors 1 1  E 7/4/2021 6:18 PM E 8/6/2021 7:33 PM 

8. Seriousness of condition 2 3  E 3/4/2021 10:03 AM E 5/6/2021 3:30 PM 

9. Negotiation skills 1 1  E 23/3/2021 8:17 AM E 8/6/2021 7:35 PM 

10. Uncertainties due to cues 

picked during conversation 

2 4  E 2/4/2021 11:55 AM E 8/6/2021 7:36 PM 

11. Uncertainties due to language 

used during communication 

2 2  E 23/4/2021 8:18 AM E 8/6/2021 7:32 PM 

12. Uncertainty due to lack of 

patient-centred 

communication 

3 6  E 8/4/2021 5:51 PM E 8/6/2021 5:51 PM 

13. Clinicians’ ignorance or lack of 
skill 

2 2  E 8/4/2021 5:51 PM E 8/6/2021 5:51 PM 

14. Patient’s level of education 1 2  E 5/4/2021 3:26 PM E 8/6/2021 7:45 PM 

15. Ambiguity leading to 

uncertainties 

3 4  E 4/4/2021 11:01 AM E 10/6/2021 7:43 PM 

16. Complexity leading to 

uncertainties 

6 6  E 4/4/2021 9:51 AM E 10/6/2021 7:42 PM 

17. Lack of credibility leading to 

uncertainties 

1 3  E 5/4/2021 3:30 PM E 10/6/2021 4:42 PM 

18. Growth of medical technology 

related knowledge leading to 

uncertainties 

1 2  E 3/5/2021 2:27 AM E 10/6/2021 7:48 PM 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

Initial coding in N-vivo – 107 codes identified  
 

Name Files References Memo Link Created By Created On Modified By 
 

Modified On 
 

19. Less knowledge or information 

leading to uncertainties 

4 6  E 8/4/2021 6:38 PM E 10/6/2021 10:06 AM 

20. More knowledge or 

information leading to 

uncertainties 

4 4  E 4/4/2021 3:05 PM E 11/6/2021 7:27 PM 

21. Prioritising patients due to 

lack of resources  

2 2  E 23/4/2021 11:10 AM E 10/6/2021 3:22 PM 

22. Time pressure dictating 

patient treatment 

1 1  E 8/4/2021 5:52 PM E 18/6/2021 5:52 PM 

23. To inform or not to inform 

patients about lack of 

evidence 

1 1  E 4/4/2021 3:25 PM E 10/6/2021 7:57 PM 

24. Clinicians making decisions on 

behalf of the patient or family 

members 

1 2  E 5/4/2021 9:01 AM E 15/6/2021 7:58 PM 

25. Parents making decisions on 

behalf of their child 

2 3  E 13/4/2021 12:34 PM E 18/6/2021 7:58 PM 

26. Suddenness of the situation 1 1  E 13/4/2021 3:29 PM E 18/6/2021 7:59 PM 

27. Uncertainty due to lack of 

conclusive results from 

emergency research 

1 1  E 13/4/2021 5:53 PM E 18/6/2021 5:53 PM 

28. Uncertainties created by 

media 

1 3  E 13/4/2021 12:35 PM E 19/6/2021 8:00 PM 

29. Uncertainties due to social 

arrangement of power 

1 1  E 13/4/2021 7:18 PM E 18/6/2021 8:00 PM 

30. Uncertainties due to 

subjective decision making 

1 1  E 16/4/2021 10:33 AM E 18/6/2021 8:00 PM 

31. Inability to establish a cause-

and-effect relationship 

1 1  E 13/4/2021 1:52 PM E 15/6/2021 3:27 PM 

32. Uncertainties due to lack of 

pattern in disease 

presentation 

1 2  E 13/4/2021 1:09 PM E 20/6/2021 8:01 PM 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

Initial coding in N-vivo – 107 codes identified  
 

Name Files References Memo Link Created By Created On Modified By 
 

Modified On 
 

33. Timing of the week or day 1 1  E 13/4/2021 3:26 PM E 22/6/2021 8:02 PM 

34. Errors in reporting 1 1  E 20/4/2021 8:22 AM E 16/6/2021 6:13 PM 

35. Over testing in response to or 

leading to uncertainties 

1 2  E 20/4/2021 5:51 PM E 23/6/2021 5:06 PM 

36. Lack of check mechanism 2 2  E 22/4/2021 8:44 AM E 16/6/2021 5:08 PM 

37. Lack of facilities 3 5  E 20/4/2021 8:43 AM E 25/6/2021 5:07 PM 

38. Level of experience 1 3  E 20/4/2021 5:47 PM E 25/6/2021 5:47 PM 

39. Clinicians’ personal fears 2 1  E 20/4/2021 5:49 PM E 25/6/2021 5:50 PM 

40. Previous experiences 

(clinician) 

1 2  E 20/4/2021 3:41 PM E 28/6/2021 3:25 PM 

41. Proxy uncertainties (clinician) 1 1  E 22/4/2021 9:11 AM E 8/7/2021 7:56 PM 

42. Risk taking behaviour 

(Clinician) 

3 3  E 20/4/2021 5:48 PM E 25/6/2021 7:55 PM 

43. Uncertainty intolerance 

(Clinician) 

2 3  E 22/4/2021 11:06 AM E 28/6/2021 7:54 PM 

44. Unclear patient characteristics 1 1  E 22/4/2021 9:00 AM E 28/6/2021 7:54 PM 

45. Influence of friends and family 3 5  E 22/4/2021 12:37 PM E 25/6/2021 7:54 PM 

46. Patient’s level of education 1 1  E 22/4/2021 8:15 AM E 25/6/2021 7:54 PM 

47. Patients’ personal beliefs 5 8  E 22/4/2021 5:33 PM E 25/6/2021 5:33 PM 

48. Patients’ personal fears 5 4  E 26/4/2021 5:36 PM E 25/6/2021 5:36 PM 

49. Risk taking behaviour 2 3  E 4/4/2021 8:56 AM E 8/7/2021 7:21 PM 

50. Trust issues 1 1  E 4/4/2021 8:56 AM E 8/7/2021 7:21 PM 

51. Uncertainty negatively 

perceived 

3 3  E 8/4/2021 5:37 PM E 25/6/2021 6:47 PM 

52. Uncertainty positively 

perceived (coping with) 

8 8  E 23/4/2021 12:24 PM E 28/6/2021 7:22 PM 

53. Proxy uncertainties (Carers) 6 8  E 22/4/2021 9:56 AM E 23/6/2021 5:45 PM 

54. Associated fears of parents 10 15  E 4/4/2021 9:22 AM E 28/6/2021 7:23 PM 

55. Personal interpretations 

(parents) 

1 1  E 22/4/2021 5:35 PM E 28/6/2021 5:36 PM 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

Initial coding in N-vivo – 107 codes identified  
 

Name Files References Memo Link Created By Created On Modified By 
 

Modified On 
 

56. Lack of quantifiability or 

measurability 

3 4  E 2/5/2021 6:54 PM E 28/6/2021 11:46 AM 

57. Model inadequacy 3 3  E 2/5/2021 6:56 PM E 28/6/2021 7:07 PM 

58. Procedural uncertainties 2 2  E 2/5/2021 5:23 PM E 29/6/2021 5:23 PM 

59. Guidelines based on evidence 

which cannot be generalised 

1 1  E 2/5/2021 5:07 PM E 29/6/2021 3:14 PM 

60. Inability to apply guidelines to 

all situations 

1 1  E 4/4/2021 10:59 AM E 29/6/2021 9:24 PM 

61. Uncertainties due to socio-

economic inequalities and 

inequities 

1 1  E 2/5/2021 9:22 PM E 30/6/2021 9:44 AM 

62. Uncertainties in implementing 

preventive measures 

3 3  E 2/5/2021 9:20 PM E 29/6/2021 9:25 PM 

63. Uncertainty due to lack of 

standardised definitions 

2 2  E 5/5/2021 9:21 PM E 1/7/2021 9:45 AM 

64. Uncertainties due to 

challenges in data collection 

1 1  E 9/5/2021 9:24 PM E 1/7/2021 10:04 AM 

65. Uncertainties due to previous 

faulty reporting 

2 4  E 4/5/2021 8:30 AM E 1/7/2021 9:46 AM 

66. Uncertainty due to unclear 

risk distribution 

1 1  E 23/5/2021 12:26 PM E 29/6/2021 5:48 PM 

67. Interaction of clinicians with 

other health care team 

leading to uncertainties 

1 1  E 8/5/2021 5:09 PM E 29/6/2021 3:12 PM 

68. Interaction or conflict 

between patients’ friends, 
relatives with clinician team 

leading to uncertainties 

2 2  E 23/5/2021 9:11 AM E 9/7/2021 5:51 PM 

69. Physician- patient interaction 

leading to uncertainties 

1 3  E 4/5/2021 9:38 AM E 9/7/2021 5:51 PM 

70. Improper team management 

leading to uncertainties 

3 3  E 4/5/2021 8:22 PM E 9/7/2021 5:52 PM 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

Initial coding in N-vivo – 107 codes identified  
 

Name Files References Memo Link Created By Created On Modified By 
 

Modified On 
 

71. Trust issues in the team 

leading to uncertainties 

1 3  E 23/5/2021 9:18 AM E 9/7/2021 5:53 PM 

72. Uncertainties due to avoiding 

referral 

3 4  E 4/5/2021 10:56 AM E 9/7/2021 5:54 PM 

73. Uncertainties due to 

involvement of multiple 

people 

6 8  E 26/5/2021 5:55 PM E 9/7/2021 5:54 PM 

74. Uncertainties due to referral 3 5  E 23/5/2021 9:14 AM E 9/7/2021 5:55 PM 

75. Uncertainties due to seeking 

help from others 

1 1  E 23/5/2021 9:16 AM E 9/7/2021 5:56 PM 

76. Fear of stigma leading to 

uncertainties 

2 2  E 24/5/2021 5:09 PM E 9/7/2021 3:13 PM 

77. Helplessness or feeling 

unsupported leading to 

uncertainties 

2 2  E 26/5/2021 6:09 PM E 9/7/2021 5:57 PM 

78. Stress  3 5  E 4/5/2021 8:29 AM E 9/7/2021 5:59 PM 

79. Fear of consequences/ 

complaint and legal action  

2 2  E 4/5/2021 2:37 PM E 9/7/2021 6:00 PM 

80. Information (lack of it or 

quality of it)  

8 8  E 3/5/2021 11:52 AM E 9/7/2021 6:01 PM 

81. Meta-ignorance 1 1  E 8/5/2021 5:08 PM E 9/7/2021 3:14 PM 

82. Context 1 8  E 23/5/2021 9:06 AM E 9/7/2021 6:01 PM 

83. Lack of clarity or support or 

help from other peers  

1 1  E 26/5/2021 6:07 PM E 9/7/2021 6:02 PM 

84. Language and Understanding  1 1  E 2/5/2021 3:02 PM E 9/7/2021 6:04 PM 

85. Use analysing skills to reduce 

uncertainty 

1 1  E 8/5/2021 4:16 PM E 9/7/2021 3:15 PM 

86. Complexity  5 8  E 20/5/2021 4:31 PM E 9/7/2021 3:16 PM 

87. Networks and Peers to reduce 

uncertainty 

1 1  E 8/5/2021 4:32 PM E 9/7/2021 6:06 PM 

88. Conflict and disagreement 

with patient  

1 1  E 25/5/2021 9:49 AM E 9/7/2021 6:06 PM 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

Initial coding in N-vivo – 107 codes identified  
 

Name Files References Memo Link Created By Created On Modified By 
 

Modified On 
 

89. Convincing and 

communicating skills 

1 1  E 20/5/2021 4:28 PM E 9/7/2021 3:16 PM 

90. Treatment choices led by fear, 

helplessness and frustration 

from uncertainty 

1 1  E 20/5/2021 4:29 PM E 9/7/2021 6:07 PM 

91. People’s belief and values  3 3  E 25/5/2021 12:28 PM E 9/7/2021 6:08 PM 

92. Probabilistic nature or 

ambiguity  of the issu 

1 1  E 25/5/2021 6:28 PM E 9/7/2021 6:08 PM 

93. Practical uncertainties  1 2  E 25/5/2021 11:05 AM E 9/7/2021 6:09 PM 

94. People’s subjective 
interpretation of information  

2 3  E 20/5/2021 4:29 PM E 9/7/2021 6:10 PM 

95. Patient’s ambiguity 1 2  E 20/5/2021 7:35 PM E 9/7/2021 6:11 PM 

96. Cognitive experience of 

individuals 

2 2  E 26/5/2021 6:12 PM E 9/7/2021 6:11 PM 

97. Multiple layered nature of 

uncertainty 

2 4  E 8/5/2021 4:34 PM E 9/7/2021 3:17 PM 

98. Leadership of complex 

situation/team 

4 4  E 8/5/2021 4:35 PM E 9/7/2021 6:12 PM 

99. Stochastic uncertainty or 

measurement error 

3 3  E 8/5/2021 4:35 PM E 9/7/2021 6:13 PM 

100. Multiple ‘correct’ values  1 1  E 25/5/2021 8:53 AM E 9/7/2021 6:14 PM 

101. Scientific uncertainty  3 3  E 25/5/2021 4:03 PM E 8/7/2021 4:01 PM 

102. Parameter uncertainty  1 1  E 28/5/2021 3:26 PM E 9/7/2021 7:07 PM 

103. Model uncertainty  1 1  E 28/5/2021 3:18 PM E 8/7/2021 3:18 PM 

104. Linguistic imprecision 2 3  E 24/5/2021 11:17 AM E 9/7/2021 7:07 PM 

105.Social arrangement of power 

or institutional configuration  

1 1  E 25/5/2021 9:28 AM E 9/7/2021 7:08 PM 

106. Conceptual uncertainty 1 2  E 25/5/2021 9:27 AM E 9/7/2021 7:08 PM 

107. Decision on behalf of child 1 1  E 25/5/2021 9:27 AM E 9/7/2021 7:08 PM 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

Related to lack of predictability, 

probability, risk etc  

Related to difficulties in diagnosis  

Related to Knowledge 

(either quantity, 

quality, or 

communication)  

Ethical issues  

Global emergencies 

related   

Problems in health 

care system  

Stakeholder related  

Final 77 Codes from 20 articles classifying uncertainties using empirical research and case studies 

1. Unpredictability leading to uncertainties 

2. Statistical uncertainty 

3. Future risk leading to uncertainties 

4. Expensive investigations 

5. Lack of robust clinical protocols 

6. Resemblance to other diseases 

7. Role of co-factors 

8. Seriousness of condition 

9. Negotiation skills 

10. Uncertainties due to cues picked during conversation 

11. Uncertainties due to language used during communication 

12. Uncertainty due to lack of patient-centred communication 

13. Clinicians’ ignorance or lack of skill 
14. Patient’s level of education 

15. Ambiguity leading to uncertainties 

16. Complexity leading to uncertainties 

17. Lack of credibility leading to uncertainties 

18. Growth of medical technology related knowledge leading to uncertainties 

19. Less knowledge or information leading to uncertainties 

20. More knowledge or information leading to uncertainties 

21. Prioritising patients due to lack of resources  

22. Time pressure dictating patient treatment 

23. To inform or not to inform patients about lack of evidence 

24. Clinicians making decisions on behalf of the patient or family members 

25. Parents making decisions on behalf of their child 

26. Suddenness of the situation 

27. Uncertainty due to lack of conclusive results from emergency research 

28. Uncertainties created by media 

29. Uncertainties due to social arrangement of power 

30. Uncertainties due to subjective decision making 

31. Inability to establish a cause-and-effect relationship 

32. Uncertainties due to lack of pattern in disease presentation 

33. Timing of the week or day 

34. Errors in reporting 

35. Over testing in response to or leading to uncertainties 

36. Lack of check mechanism 

37. Lack of facilities 

38. Level of experience 

39. Clinicians’ personal fears 

40. Previous experiences (clinician) 

41. Proxy uncertainties (clinician) 

42. Risk taking behaviour (Clinician) 

43. Uncertainty intolerance (Clinician) 

44. Unclear patient characteristics 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

Stakeholder related  

Related to 

procedures, guidelines  

At the level of public 

health  

Interaction 

between health 

care team, patients, 

carers, family, 

society 

45. Influence of friends and family 

46. Patient’s level of education 

47. Patients’ personal beliefs 

48. Patients’ personal fears 

49. Risk taking behaviour 

50. Trust issues 

51. Uncertainty negatively perceived 

52. Uncertainty positively perceived (coping with) 

53. Proxy uncertainties (Carers) 

54. Associated fears of parents 

55. Personal interpretations (parents) 

56. Lack of quantifiability or measurability 

57. Model inadequacy 

58. Procedural uncertainties 

59. Guidelines based on evidence which cannot be generalised 

60. Inability to apply guidelines to all situations 

61. Uncertainties due to socio-economic inequalities and inequities 

62. Uncertainties in implementing preventive measures 

63. Uncertainty due to lack of standardised definitions 

64. Uncertainties due to challenges in data collection 

65. Uncertainties due to previous faulty reporting 

66. Uncertainty due to unclear risk distribution 

67. Interaction of clinicians with other health care team leading to uncertainties 

68. Interaction or conflict between patients’ friends, relatives with clinician team leading to 

uncertainties 

69. Physician- patient interaction leading to uncertainties 

70. Improper team management leading to uncertainties 

71. Trust issues in the team leading to uncertainties 

72. Uncertainties due to avoiding referral 

73. Uncertainties due to involvement of multiple people 

74. Uncertainties due to referral 

75. Uncertainties due to seeking help from others 

76. Fear of stigma leading to uncertainties 

77. Helplessness or feeling unsupported leading to uncertainties 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

Descriptive themes:  

 

 

1. Descriptive theme- Stochastic uncertainty 

2. Descriptive theme- Diagnostic uncertainties 

3. Descriptive theme- Prognostic uncertainties 

4. Descriptive theme- Communication of knowledge or information 

5. Descriptive theme- Knowledge related to stakeholders 

6. Descriptive theme- Quality of knowledge or information 

7. Descriptive theme- Quantity of knowledge or information 

8. Descriptive theme- Ethical dilemmas 

9. Descriptive theme- Proxy uncertainties 

10. Descriptive theme- lack of evidence in new diseases 

11. Descriptive theme- Uncertainties due to stakeholders involved in key decision making 

12. Descriptive theme- Uncertainties which are disease related (global emergency related) 

13. Descriptive theme- Contextual uncertainties 

14. Descriptive theme- Investigative uncertainties 

15. Descriptive theme- Lack of resources 

16. Descriptive theme-Uncertainties related to doctors 

17. Descriptive theme- Uncertainties related to patients 

18. Descriptive theme- Uncertainty related to carers (Parents, children) 

19. Descriptive theme- Methodological uncertainties 

20. Descriptive theme-Uncertainty pertaining to guidelines 

21. Descriptive theme- Uncertainties in establishing the standards 

22. Descriptive theme- Uncertainties related to data 

23. Descriptive theme- Interpersonal relationship leading to uncertainties 

24. Descriptive theme- Lack of unified teamwork leading to uncertainties 

25. Descriptive theme- Networking leading to uncertainties 

26. Descriptive theme- Social relationships leading to uncertainties 

 

 

Analytical themes:  

 

1. Analytical theme- Epistemic uncertainties 

2. Analytical theme- Knowledge exchange related uncertainties 

3. Analytical theme- Global (Political) uncertainties 

4. Analytical theme- Public health uncertainties 

5. Analytical theme- Health care system uncertainties 

6. Analytical theme- Clinical uncertainties 

7. Analytical theme- Parameter uncertainties  

8. Analytical theme- Personal uncertainties  

9. Analytical theme- Relational uncertainties 

10. Analytical theme- Ethical uncertainties 

11. Analytical theme- Aleatoric uncertainties 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

 

Segregation of codes into descriptive themes and descriptive themes into analytical themes 

 

Final codes Descriptive themes 

 

Analytical themes 

 

Unpredictability leading to uncertainties 

Stochastic uncertainty 

 

Aleatoric 

uncertainties 

Statistical uncertainty 

Future risk leading to uncertainties 

Expensive investigations 

Diagnostic uncertainties Clinical 

uncertainties 

 

Lack of robust clinical protocols 

Resemblance to other diseases 

Role of co-factors 
Prognostic uncertainties 

Seriousness of condition 

Negotiation skills 

Communication of knowledge 

or information 

Knowledge exchange 

related uncertainties 

 

Uncertainties due to cues picked during conversation 

Uncertainties due to language used during communication 

Uncertainty due to lack of patient-centred communication 

Clinicians’ ignorance or lack of skill Knowledge related to 

stakeholders 

Epistemic uncertainties 

 

Patient’s level of education 

Ambiguity leading to uncertainties Quality of knowledge or 

information 

 

Complexity leading to uncertainties 

Lack of credibility leading to uncertainties 

Growth of medical technology related knowledge leading to 

uncertainties 
Quantity of knowledge or 

information 

 
Less knowledge or information leading to uncertainties 

More knowledge or information leading to uncertainties 

Prioritising patients due to lack of resources  

Ethical dilemmas 

 

Ethical 

Uncertainties 

 

 

 

Time pressure dictating patient treatment 

To inform or not to inform patients about lack of evidence 

Clinicians making decisions on behalf of the patient or family 

members Proxy uncertainties 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

 

Segregation of codes into descriptive themes and descriptive themes into analytical themes 

 

Final codes Descriptive themes 

 

Analytical themes 

 

 

Suddenness of the situation 

 

 

lack of evidence in new 

diseases 

 

 

 

 

 

 

 

Global uncertainties 

Uncertainty due to lack of conclusive results from 

emergency research 

Uncertainties created by media Uncertainties due to 

stakeholders involved in key 

decision making 

 

Uncertainties due to social arrangement of power 

Uncertainties due to subjective decision making 

Inability to establish a cause-and-effect relationship Uncertainties which are disease 

related (global emergency 

related) 

Uncertainties due to lack of pattern in disease presentation 

Timing of the week or day Contextual uncertainties  

 

Health care system 

uncertainties 

Errors in reporting Investigative uncertainties 

 Over testing in response to or leading to uncertainties 

Lack of check mechanism 
Lack of resources 

Lack of facilities 

Level of experience 

Uncertainties related to doctors 

 

Personal  

uncertainties 

Clinicians’ personal fears 

Previous experiences (clinician) 

Proxy uncertainties (clinician) 

Risk taking behaviour (Clinician) 

Uncertainty intolerance (Clinician) 

Unclear patient characteristics 

Uncertainties related to patients 

 

Influence of friends and family 

Patient’s level of education 

Patients’ personal beliefs 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

 

Segregation of codes into descriptive themes and descriptive themes into analytical themes 

 

Final codes Descriptive themes 

 

Analytical themes 

 

Patients’ personal fears 

Risk taking behaviour 

Trust issues 

Uncertainty negatively perceived 

Uncertainty positively perceived (coping with) 

Proxy uncertainties (Carers) 
Uncertainties related to carers 

 
Associated fears of parents 

Personal interpretations (parents) 

Lack of quantifiability or measurability 
Methodological uncertainties 

 

Parameter uncertainties 

Model inadequacy 

Procedural uncertainties 

Guidelines cannot be generalised Uncertainty pertaining to 

guidelines 

 

Inability to apply guidelines to all situations 

Uncertainties due to socio-economic inequalities and 

inequities 

Uncertainties in establishing and 

implementing the national 

standards 

 
Public health 

uncertainties 

Uncertainties in implementing preventive measures 

Uncertainty due to lack of standardised definitions 

Uncertainties due to challenges in data collection 
Uncertainties related to 

epidemiological data 
Uncertainties due to lack of previous records  

Uncertainty due to unclear risk distribution 

Interaction of clinicians with other health care team leading to 

uncertainties 

Interpersonal relationship 

leading to uncertainties 

 
Relational uncertainties 

Interaction or conflict between patients’ friends, relatives 
with clinician team leading to uncertainties 

Physician- patient interaction leading to uncertainties 

Improper team management leading to uncertainties Lack of unified teamwork 
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Audit trail – Thematic synthesis on uncertainties in healthcare 

 

Segregation of codes into descriptive themes and descriptive themes into analytical themes 

 

Final codes Descriptive themes 

 

Analytical themes 

 

Trust issues in the team leading to uncertainties leading to uncertainties 

Uncertainties due to avoiding referral Networking leading to 

uncertainties 

 

Uncertainties due to involvement of multiple people 

Uncertainties due to referral 

Uncertainties due to seeking help from others 

Fear of stigma leading to uncertainties Social relationships leading to 

uncertainties Helplessness or feeling unsupported leading to uncertainties  
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Differences between protocol and review 

Section Protocol Review Reason for modification 

Title 

Taxonomy   of   

Uncertainty   in   

Healthcare   –   A   

systematic   review   

and   framework 

synthesis of 

conceptual models 

 

Developing an integrated 

multi-level model of 

uncertainties in health care- A 

systematic review and 

evidence synthesis 

As the final outcome of this 

systematic review is the 

development of a conceptual 

model, we felt this should be 

reflected in the title. 

Authors 

Prashanti 

Eachempati, Mona 

Nasser, Sally 

Hanks , John 

Martin, Kiran 

Kumar KS 

Prashanti Eachempati, Roland 

Büchter (RB), Kiran Kumar KS, 

Sally Hanks, John Martin. 

Mona Nasser 

After protocol registration, we 

added one author who would 

add value to the review. RB 

contributed to the coding 

process in the thematic 

analysis and helped in 

developing definitions for the 

different types of 

uncertainties. Also, helped in 

developing the conceptual 

model. 

Aim 

To explore the 

different 

types/classification

s/taxonomy/conce

ptual models of 

uncertainties in 

health care across 

disciplines. 

The aim of this systematic 

review is to explore the 

different types, classifications, 

taxonomies, and conceptual 

models of uncertainties in 

health care and develop a 

conceptual model which 

acknowledges the 

dynamic nature of 

uncertainties 

We modified the aim to 

include the aspect of 

conceptual model 

development as that is the 

final outcome we intended to 

achieve. 

Data analysis 
Framework 

synthesis 

Thematic synthesis for 

empirical research and case 

studies. 

After screening process, we 

identified a heterogenous pool 

of articles including 

classifications developed with 

literature support, empirical 

research and also case studies. 

We felt, framework synthesis 

would restrict the way in 

which we synthesised the 

data.  
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Sl No
Year Author and year

Study 

Location
Study  Design Sample/Population/ context Method Analysis type Phenomena of interest Model /Classification developed

1 1957 Fox 1957 USA
Literature review (Chapter 

of Book)
Doctors Narrative Not applicable Understanding uncertanity during training

Page 208: Uncertanity due to incomplete or  imperfect mastry of 

available knowledge, limitations in current medical knowledge

2 1979 Light 1979 USA Literature review Medical residents (trainees) Narrative Not applicable Uncertainty and control in professional training

Uncertainties Surrounding Instructors, Uncertainties surrounding 

Knowledge, Uncertaninties of Diagnosis, Uncertaninties of 

treatment, Uncertaninties of clinical response

3 1983 Mishel 1983 USA Quantitative study

Hospitalised and clinical patients consisting of cardiovascular 

disease, gastrointestinal conditions, cancer, lupus and 

symptoms receiving primary treatment

Questionnaire and observation Cluster analysis (multi- covariate analysis) 
Perception of hospitalised and clinical patients using 

Mishel Uncertainty in illness scale 

Uncertainty clusters for each disease state were identified. Type 

of uncertainty experienced varied with the type of disease 

experienced by patients

4 1988 Mishel 1988 USA Literature review
Studies from nursing and related fields are used for 

discussion 
Narrative Not applicable

Taxonomy of uncertainty in illness (people 

perception and how they respond)

Model of perceived uncertainty in illness is developed. myriad 

sources of uncertainty in life are re¯ected in the statement: `The 

experience of uncertainty is pervasive in human existence. 

Perception of being unable to assign probabilities for outcomes.'

5 1989 Smithson 1989 USA
Literature review (Chapter 

of Book)
General Narrative Not applicable Ignorance and Uncertainty

"available information is limited to or characterized by 

probability (the likelihood of a future event), ambiguity (a 

multiplicity of possible states for a single concept or event), or 

vagueness (a multiplicity of possible values on a continuum".

6 1991 Beresford 1991 Canada Qualitative study Clinicians (Physicians) in a variety of healthcare settings Interviews Descriptive 
Uncertainty shaping medical decissions (allocation 

of medical resources)

Technical , Personal, Conceptual uncertainties were identified. 

(From the representative comments we could categorise further 

uncertainties )

7 1995 Sheer 1995 USA Quantitative study Cardiac patients at the waiting room of cardiology clinic Survey (pre-visit and post visit questionnaires Pearsons correlation and Wilcoxan tests  Uncertainties in physician‐patient interactions Pre-visit uncertainty,  Illness uncertainties, relational 

uncertainties, Medical setting uncertainty ; Post-visit uncertainty

8 1998 Babrow 1998 Mexico Literature review
Uncertainty experienced by physicians and by extention 

patients 
Narrative Not applicable

Systematic analysis of many meanings of uncertainty 

in health and illness experiences

5 principal forms – Complexity, Qualities of information, 
probability, structure of information, lay epistemology

9 2002 Penrod 2002 USA Literature review Nursing Review (with systematic search) Refiend concept analysis 

to analyse the conceptual maturity of uncertainty   

with the scientific literature on uncertainty and to 

refine the concept

uncertainty related to prognosis, course of treatment, choice of 

provider and family relationships. 

10 2004 Begun 2004 USA Literature review Organisational environement Narrative Not applicable Uncertainty in health care environment.

A framework for analysing uncertainty in health care 

organisational environments is given. Complexity and dynamism 

are reproted as the main components of environmental 

uncertainty

11 2008 Farnan 2008 USA Qualitative study Internal medicine Residents 
Interviews of residents reporting critical 

incidents 
Thematic analysis

Resident uncertainty in critical incident clinical 

decision making and patient care

Technical uncertainty (procedural skills, knowledge of 

indications); Conceptual uncertainty (care transitions, diagnostic 

decision making and management conflict) and Personal 

uncertainty (goals of care). (From the representative comments 

we could categorise further uncertainties )

12 2008 Kasper 2008 Germany Qualitative study Cancer patients In- depth interviews Grounded theory 
Taxonomy of uncertainty experienced by cancer 

patients

8 categories were identified. (1) disease-related issues 

(prognosis/diagnosis,

treatment), (2) risk communication issues (deciphering 

information, role in the medical dyad,

physician’s trustability) and (3) aspects of coping with life 
considering the disease (mastering

requirements, social integration, causal attribution).

13 2011 Brown 2011 UK Qualitative study

Data was collected from three different documents- 1. FAD 

documents which provide a rather disembodied and 

bureaucratically ‘sanitised’ account of the decision-making 
process.  2.  the ‘Report of Threshold Workshop’ (NICE 2009) 
enables deeper insights into how the threshold is applied 

within NICE appraisal committees 3. the transcript of a 

relatively candid interview given by Sir Ian Kennedy (2009), 

regarding his research into the way NICE deals with 

innovative health technologies.

Content

analysis of a selection of NICE documents
Narrative 

A framework is developed which

posits the various forms of uncertainty, and 

responses to

these, as potential conduits of regulatory bias—in 
need of

further research.

Epistemic ,Procedural , Interpersonal were identified. (From the 

representative comments we could categorise further 

uncertainties )

14 2011 Han 2011 USA Literature reivew Health care Narrative review 

Synthesizing diverse theoretical and empirical 

literature from the fields of communication, 

decision science, engineering, health services 

research, and psychology, and developing a 

new integrative conceptual taxonomy of 

uncertainty

Taxonomy of uncertainty in health care
Uncertainty classified based on sources, issues

and loci

15 2011 Djulbergovic 2011 USA
Literature review (Chapter 

of Book)

Uncertainty in medicine, both in clinical practice and in 

clinical research.
Narrative Narrative 

Authors perception on uncertainty in clincal research 

and clinical practice 
Epistemic , subjective, linguistic uncertainty and Probability

16 2012 Maffei 2012 USA Qualitative study Male subjects (patients) from philadelphia community Interviews Content analysis 
Uncertanity in Shared Decision-making in Medically 

Uncertain Situations

 Past experiences, Individual personality, Relationships with 

patient and physician 

17 2012 Soliman 2021 USA Case study
Expert opinion on uncertainties in non-compaction 

cardiomyopathy 
Case study based Narrative 

Diagnostic uncertainties in non compaction 

cardiomyopathy
Genetic uncertainities, Dignostic uncertainites 

18 2013 Cristancho 2013 Cannada Qualitative study
Cases drawn from seven staff surgeons during 26 surgu=ical 

cases 
Observations and interviews Template and inductive analysis Uncertanity in clinical setting (Surgicla cases)

Incomplete information, Patient related charecteristics 

(Abnormal anatomy), External factors- Equipment issues , 

Staffing, time pressure 
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Sl No
Year Author and year

Study 

Location
Study  Design Sample/Population/ context Method Analysis type Phenomena of interest Model /Classification developed

19 2013 Greenhalgh 2013 UK Case study
Differnet patient cases - having a breast lump, itchy rash, 

painful hip, wax in the ears 
Case studies Narrative Taxonomy of uncertainties in  clinical methods

Probability (Bayesian), Open-endedness of story ; Environment; 

Network of people, Ethical. (From the representative comments 

we could categorise further uncertainties )

20 2014 Kerr 2014 USA Qualitative study Parents of children with complex chronic illnesses Open ended questionnaire and observation Constant comparison analysis
Parental uncertainties surrounding an ‘Orphan’ 
Illness (not belonging to one medical speciality)

Normalisation (probability), Inadequate information 

communicated to patient, Multiple conflicting opinions, Who is 

giving the information; Proxy uncertainty (Taking decisions on 

behalf of someone) 

21 2015 Hamui-Sutton 2015Mexico

Mixed- Method (only 

qulaitative data used for the 

review)

Medical residents 

Combination of interview and questionnaire 

(Only qualitative component used to develop 

typology of uncertainties) 

Content validation of the critical incident 

reprots 
Uncertainty in ctitical incidents in medical residents 

Conceptual- Inability to apply abstract knowledge in concrete 

situations, Technical: Lack of theoretical information, Ignorance 

for guiding action, Physician inability to communicate; Systemic 

– due to lack of technological, technical, material and human 
resources; Ethical Values and socio cultural codes of 

society/institution / person  

22 2015 Wray 2015 USA Literature review 
Uncertainty physicians face during diagnosis, treatment 

planning and in prognostic decision making 

Information from fields of sociology, 

anthropology, psychology and authors 

experience 

Not applicable

Medical Uncertainty in diagnosis, prognosis, and 

treatment Informational uncertainty , Intrinsivc uncertainty 

23 2016 Danczak 2016 USA Qualitative study GP associates in training Focus group discussion Thematic analysis 
GP associates in training and their experiences of 

uncertainty 

Analysing, networking, negotiating, team working (From the 

representative comments we could categorise further 

uncertainties )

24 2017 Etkind 2017 UK Qualitative study
Interviews with 30 patients with heart failure,  COPD , renal 

disease , cancer and liver disease

Secondary analysis of qualitative interviews 

from six studies including patients with heart 

failure, chronic obstructive pulmonary

Thematic analysis 

understand patient experiences of uncertainty in 

advanced illness and develop a typology of patients’ 
responses

Patient information needs and preferences Complexity; Illness 

course, Seriousness; Patient engagement, Temporal focus 

25 2017 Han 2017 USA Qualitative study Leaders in clinical genomics field 

Empirically informed by a synthesis of insights 

from open-ended qualitative interviews 

undertaken with leaders in the clinical genomics 

field.

Thematic analysis Uncertainties in clinical genome sequencing 
Source , isue loci similar to original to Hans 2011 taxonomy but 

with additional domains is given 

26 2017 Lau 2017 Denmark Case study Patients with high cholesterol taking statins Case studies and ethnographic interviews Narrative Uncertainty in patients taking statins 
Epistemological,Relational,Aleatoric (From the representative 

comments we could categorise further uncertainties )

27 2017 Ueki 2017 Japan Qualitative study Maternal Uncertainty about Infants’ Hospitalization unstructured interviews Content analysis
Maternal Uncertainty about Infants’ Hospitalization 
for Acute Childhood Illness

five categories: ambiguity about the severity of the illness, 

unpredictability of the course of the illness, discrepancy of the 

judgement with healthcare professionals, lack of information 

about the causes of the illness, and ambiguous appropriateness 

of management.

28 2018 Kang 2018 USA Case study When radiologists encounter incidental findings Case study based

To support decision making for the 

management of incidental findings, major 

sources of uncertainty

in management pathways can be mapped and 

analyzed using mathematical models.

Uncertainty in managing incidental findings

Sources: Scenario uncertainty, Statistical uncertainty;  

Loci:Health care system , Provider, Patient ; and several issues  

like diagnostic possibilites , test tolerance etc 

29 2020 Hong 2020 Singapore Literature review Communicating uncertainties to patients Scoping Review Thematic analysis 
Uncertainties in cancer related genertic risk  

communication 

Understanding information, future risks managing information;  

Impact on family and life; Utility (value) of information

Patients feeling before test

30 2020 Kelly 2020 UK Case study Emergency crisis (Pandemic) Analysis of Zika virus case study Narrative Uncertainty in medical emergencies
Global uncertainty, Public health, clinical (Taking decisions on 

behalf of someone) 

31 2020 Lee 2020 New Zealand Literature review Medical students Scoping Review Content and inductive analyses Uncertainty in medical education
Lack of knowledge, Nature of knowledge, Application of 

knowledge; Systems uncertainty; Relationships

32 2020 Pomare 2020 Australia Literature review Health care professionals Scoping review Framework synthesis
Uncertainty in complex

healthcare settings

Hans classification is modified by adding ethical and system 

added and integrated model presented

33 2021 Brondani 2021 Canada Qualitative study 

Frontline oral health care workers, including dentists, dental 

hygienists, certified dental assistants, and administrative 

staff

Remote semi-structured interviews Thematic analysis
Uncertainties, as experienced by members of the 

oral health care workforce in British Columbia

Uncertainties surrounding COVID-19, uncertainties surrounding 

patient care, uncertainties toward personal lives and 

infectiousness
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Judgemen

t
Justification Judgement Justification Judgement Justification Judgement Justification

1
Beresford 

1991
Yes

The project

sought to examine how physicians

themselves perceive and analyze the

dilemmas they face in the allocation of

resources

Yes

To interpret perception of research 

participants qualitative methodology is 

appropriate 

Yes

The interviews were structured to give the physicians opportunity to 

reflect on concrete cases from their practice and to express attitudes 

toward the pressures

they face in allocating the resources over which they have control

Yes
Series of twenty-five interviews with clinicians in a variety 

of health care settings in Quebec and Ontario
Yes

"Interviews were structured to give the physicians opportunity to reflect on 

concrete cases from their practice and to express attitudes"
Can’t tell Not reported Can’t tell Details have not been reported Can’t tell 

"Authors do not attempt to summarize material drawn

 from the interviews in the form of an aggregate or a majority statement. 

Rather, they focus on those

aspects of physician decisionmaking that are concrete, contextual, even

anecdotal in character, and describe thier approach as

Yes

Authors classify uncertainty 

into three categories and 

discuss 

Yes

The research offered unique themes 

pertaining to uncertainty in shaping medical 

decisions 

2
Farnan 

2008
Yes

"The aims of this study were to describe types of 

uncertainty faced by residents, strategies employed 

to manage uncertainty and effects on patient care."

Yes

To interpret actions and experiences of 

research participants qualitative 

methodology is appropriate

Yes

"Interviews were conducted and residents were asked to recall twoto 

three important clinical decisions during their most recent call night, 

with probes to identify decisions made during uncertainty. Initially 

used in the investigation of aviation accidents, this technique allows 

for the documentation of infrequently occurring events via the use of 

Yes

Between January and November 2006, all

The target population was identifed and recruted. "internal 

medicine residents at a single academic tertiary care 

institution were privately interviewed within 1 week of 

their last call night of the

Yes
"The critical incident technique was used to elicit patient care decisions made 

during times of clinical uncertainty."
Can’t tell 

It only reported that 

interview was 

conducted by a single 

researcher but the 

relationship of 

Yes

"The Institutional Review Board 

approved this study" . " consent was 

obtained from the residents before 

the interview. "Names and any 

references made to individuals or 

Yes

"Three reviewers  applied the categorical scheme to all transcripts and 

reliability testing was performed via triangulation. Discrepancies between 

reviewers were resolved via discussion until consensus was achieved."

Yes

The results and disucssion 

section clearly reprot the 

themes and the categories 

within the themes  

Can’t tell 

"Beresford's classification framework is used 

and uncertainties were mapped to it. 

Although the sub themes identified were 

unique we cannot be sure if the framework 

influenced the way in which the researchers 

3
Kasper 

2008
Yes

"The aim of this study was to survey distinctive 

qualities of decision-related uncertainty in cancer 

patients."

Yes

Inorder to identify the uncertainties 

perceived by cancer patients qualitative 

methodology is appropriate 

Yes

"In-depth interviews were conducted by two psychology students. …... 
Thematically they focussed on the participants’ experiences of 

uncertainty in relation to decisions regarding their disease"

Yes

"Participants were selected to include a variety of 

combinations of age, sex, diagnosis, severity and 

advancement of cancer as indicated by the existence of 

metastases. A random selection procedure would not have 

been able to identify key informants to cover a wide range 

Yes

"We sought to identify as many distinct uncertainties as possible by interviewing 

the patients. Then we analysed their statements and extracted a model of 

uncertainty as it is represented in patients’ perception."
Can’t tell Details have not been 

reported
Yes

"Due to the potentially disturbing 

impact of the interviews people in 

an acute stage of the disease were 

not included. This proceeding was 

approved by the ethics committee of 

Yes

"Techniques from grounded theory were used to identify the components 

of a categorical model of uncertainty. Grounded theory is suitable for 

exploring the underlying issues (second-order constructs) relating to 

people’s experiences of a subject (termed first-order subject).The analysis 
proceeded according to steps described by Strauss and Corbin"

Yes

Categories of uncertainty, 

definitions and exemplary 

statements from interviews 

with people suffering from 

cancer are discussed 

Yes

Unique themes like social integration and 

patients personal beliefs were identified 

which adds value to the taxonomy we are 

trying to conceptualise 

4
Brown 

2011
Yes

Although not explicitly stated, this paper is based 

on a content analysis of key documents of National 

Institute for Health and Clinical Excellence (NICE) 

which shed light on the nature of appraisals, draws 

attention to the multiple layers of uncertainty and 

complexity which are latent within the appraisal 

process, and the often socially constructed 

mechanisms for tackling these

Yes

" Content analysis of a selection of NICE 

documents to explore and describe 

these avenues or forms of uncertainty"

Yes

Analysis was informed by a wide range of documents made available 

on the NICE website—the content analysis presented here focuses 
around three in particular.This document assimilates a wide range of 

submitted information and is analysed here as a means of 

understanding the modes by which NICE committees manage 

knowledge within the appraisal process. This appraisal has been 

chosen for its particular salience to the themes raised thus far:"

Yes Key documents of NICE were analysed Yes

Data was collected from three different documents- 1. FAD documents which 

provide a rather disembodied and bureaucratically ‘sanitised’ account of the 
decision-making process.  2.  the ‘Report of Threshold Workshop’ (NICE 2009) 

enables deeper insights into how the threshold is applied within NICE appraisal 

committees 3. the transcript of a relatively candid interview given by Sir Ian 

Kennedy (2009), regarding his research into the way NICE deals with innovative 

health technologies.

Can’t tell Details have not been 

reported
Can’t tell Details have not been reported Yes

"These three documents were initially coded in terms of cases of where 

uncertainty was indicated—either as a latent or more explicit phenomenon. 
These aspects of uncertainty were then re coded in terms of the nature of 

the uncertainty as well as the ways in which this uncertainty was 

approached or ‘assumed away’ within the decision-making process. ‘Thick’ 
(or broad) codes relating to ‘... were derived from this first stage of analysis. 
The material was then revisited and coded around these axial themes and 

consequently furtherb sub-codes within these themes became apparent. 

Yes

Findings were presented 

clearly with supporting aspects 

identified in the documents 

Yes

Multiple layers of uncertainty are discussed 

which add value to the taxonomy we are 

trying to conceptualise

5
Maffei 

2012
Yes

"This research study explored the fundamental 

understanding of how an individual processes, 

interprets, and responds to information regarding 

medical uncertainty and their behavioral intent to 

participate in decision-making."

Yes

Qualitative indicators were used to 

evaluate respondents’ experiences, 
beliefs, and behavioral intent relative to 

participation in shared decision-making 

during medical uncertainty.

Yes " semi-structured, open-ended interview on 25 subjects" Can’t tell 

"Researchers recruited African-American and Caucasian 

men between the ages of 45 and 70.The reason for the 

specific population sample was due to the fact that the 

researchers had more access to recruit this particular 

population at the University of Pennsylvania Medical 

Center.

Yes

"Content for the semi-structured interview was developed from the literature 

review of shared decision-making, medical uncertainty, and theory of reasoned 

action"    The "content analysis for this study began during early stages of the 

interview process in which the researcher alternated between data collection and 

concept development  This method helped guide the data collection"

Can’t tell Details have not been 

reported
Can’t tell Details have not been reported Yes "interviews were analyzed using a qualitative, deductive content analysis" Yes

The first category involves the 

individual’s Foundation for the 
concept/representation of 

medical uncertainty. The 

following three elements were 

repeatedly mentioned by the 

subjects as being important in 

the intention to participate in 

shared decision-making in the 

event of a medical uncertainty: 

general knowledge, past 

experience, and personality

Can’t tell 

As this study is based on the theory of 

Reasoned action, the main focus was on the 

elements of subjective norms and attitudes 

when classifying uncertainties perceived by 

patients. This could have led to mssing out 

on other important aspects or themes from 

the data.

6
Cristancho 

2013
Yes

"Explored how experienced surgeons perceived 

and handled uncertainty during challenging 

intraoperative situations, to develop a theoretical 

language supporting both education and research"

Yes

To explore the actions and experiences 

of research participants qualitative 

method is appropriate

Yes
"Observations and interviews during surgical cases helps to achieve 

the aims of the research"
Yes

"Faculty surgeons were sampled purposively to include rich 

informants from a variety of surgical specialties"
Yes

"Interviews took place immediately after the observed procedures. Field notes 

captured specific utterances by surgeons and various discussions .... interview 

probing of those moments that surgeons did not explicitly reflect on during their 

accounts of the operation but that were noted by the nonparticipant researcher as 

potentially uncertain instances

Can’t tell Details have not been 

reported
Can’t tell 

approval taken but other details not 

provided (only mention of informed 

patient consent)

Yes "Template and inductive analyses was done" Yes

Recognising uncertainty was 

discussed as one of the main 

themes in results which contain 

further subthemes

Yes

Unique themes like patients charecteristics 

leading to uncertainty were identified which 

adds value to the taxonomy we are trying to 

conceptualise 

7 Kerr 2014 Yes

"Aim is to examine and extend existing 

constructions of uncertainty by exploring how 

parents of children with vascular anomalies 

experience and manage uncertainty."

Yes
To relate to the experiences of parents 

the apt methodology is qualitative 
Yes

Participant-observations, discussions with parents, and an open-ended 

questionnaire helps to address the aims of the research
Can’t tell 

Parents were asked to participate in the study when they 

arrived for their child's appointment and provided 

informed consent at that time. One author also visited the 

clinic weekly over 13 months to observe over 200 

physician–parent–child interactions in the exam room as 
well as interactions among the multi-disciplinary team 

members. Youth assent was attained if the child (patient) 

was between the ages of 11 and 17. However, the parents 

in this study were primarily mothers. Although mothers 

Yes

"Data was collected through triangulating participant-observations, discussions with 

parents, and an open-ended questionnaire at a multidisciplinary vascular anomalies 

clinic within a large midwestern children's hospital."

Can’t tell Details have not been 

reported
Yes

"The study was approved by the 

authors' institutional review board, 

and all participants provided 

informed consent prior to study 

involvement"

Yes

"field notes and open-ended responses for themes through a process 

consistent with constant comparison analysis" in addition three scholars 

familiar with uncertainty, health, and family communication reviewed the 

emergent themes and exemplar quotes for validity"

Yes

Results and discussion section 

clearly discusses the findings. 

Supporting quotes from parent 

interactiosn are provided for 

each theme 

Yes

 five unique themes capturing parents' 

uncertainty experiences and management 

were identified: (a) normalization 

uncertainty, (b) information uncertainty, © 

orphan-illness uncertainty, (d) parental 

proxy uncertainty, and (e) social stigma 

uncertainty.These add value to the 

taxonomy we are trying to conceptualise 

8

Hamui-

Sutton 

2015

Yes

" To idenitfy new types of uncertainty, which 

extend existing typologies,  and the contexts and 

strategies to deal with them were explored"

Yes

"128 residents reported critical 

incidents in their clinical practice and 

described how they coped with the 

uncertainty in the situation." Hence 

qualitative methodology was 

Yes

Mixed method approach was used in this study and the qualitative 

component focussed on exploring resident reports on critical incidents 

and classify uncertainties. 

Yes

The sample consisted of residents who were enrolled,  

from March 2012 to February 2013, in the Unified Medical 

Specialties Program of the Faculty of Medicine at the 

National Autonomous University of Mexico (UNAM) and 

who received their education in either a private or a public 

Yes

The information in the qualitative phase was collected through the technique of 

critical incidents. This is generally considered a resource that involves collecting 

detailed reports of instances or episodes in which a person does something 

especially effective or ineffective in order to achieve some goal

Can’t tell Details have not been 

reported
Yes

Ethical approval was taken. "In order 

to ensure anonymity, neither in the 

qualitative nor in the quantitative 

phase, personal information that 

might identify the participants was 

No

"Was analyzed only by the frequency of the response. Authors reprot 

that"six situations are assumed to generate technical uncertainty, five 

conceptual uncertainty, 11 communicational uncertainty, 15 systemic 

uncertainty, and eight ethical uncertainty.How this was done is not 

explained 

No

Details of additional categories 

to the Beresfords framework 

are added is not clearly 

reported. 

Can’t tell 

Beresford's classification framework is used 

and uncertainties were mapped to it. 

Although two more new categories were 

identified were unique we cannot be sure if 

the framework influenced the way in which 

9
Danczak 

2016
Yes

"To understand AiTs' experiences of uncertainty 

and the coping strategies they currently use."
Yes

To understand AiTs uncertainty 

experiences , qualitative metohdology 

is appropriate  

Yes
Focus group discussions were conducted to elicit AiTs experiences 

which helps to address research aims. 
Yes

Participants were recruited from a speciality training 

programme for general practice. Those consenting to 

participate took part in the subsequent focus group 

sessions.

Yes

In this way we hoped to maintain the benefits of a participant observer (getting a 

rich 'insiders" viewpoint) while reducing bias because the data were also analysed 

by someone who did not participate in the focus group itself. The researcher used 

topic guides to focus the discussion; however, the transcript shows periods when 

the participants talk at length, with little input from the facilitator. This gave rich 

Can’t tell 

Although the authors 

mentios that "this gave 

rich material to work 

with, relatively 

uninfluenced by the 

Yes

Ethical approval was taken and 

concent was taken befor audio 

taping

Yes Inductive thematic analysis and triangulation was done Yes

"Several key themes emerged 

and exploring these gave rise 

to a pragmatic classification of 

uncertainty arising in different 

types of interaction. Verbatim 

Yes

Several unique themes like team working, 

networking, interpersonal relationships 

were identified which add value to the 

taxonomy we are trying to conceptualise

10
Etkind 

2017
Yes

"Understand patient experiences of uncertainty in 

advanced illness and develop a typology of 

patients’ responses and preferences to inform 
practice."

Yes

To elicit  illness experience from a 

patient perspective,  a qualitative 

metohdology is ideal

Yes

"Secondary analysis of six in-depth qualitative interview data from 

studies including patients with a range of advanced illnesses was 

done.

Can’t tell 

"Available to us were interviews from six studies of 

patients with: heart failure, chronic obstructive pulmonary 

disease (COPD), motor neurone disease (MND), renal 

disease, liver disease and metastatic cancer and patients in 

intensive care"

Can’t tell 
In my opinion secondary analysis of patietns interviews can give meaningful data. 

However, we are not sure about the richness of the data as well as whether 6 

interviews gave data saturation  

Can’t tell Details have not been 

reported
Yes

"The secondary analysis was in line 

with the aims of the primary 

research studies and the original 

ethical approvals obtained. 

Additional approval for the 

Yes

Interview transcripts were analysed thematically using a combination of 

inductive and deductive coding. Thematic analysis was selected as the most 

appropriate approach to identify patterns and broad themes from the data

Yes

Themes are discussed with 

verbatic quotes cited to give 

examples. 

Yes

Uncertainties experienced by different 

diseased patients were differnet and this 

gave new insights into the taxonomy we are 

trying to conceptualise. 

11 Han 2017 Yes

" To develop a systematic and logically coherent 

working taxonomy of uncertainty in CNGS that can 

be refined and modified over time"

Yes

To delineate the dimensions of 

uncertainty form genomic experts 

qualitative methodology was 

appropriate 

Yes
"open-ended qualitative interviews undertaken with leaders in the 

clinical genomics"
Yes Six experts were interviewed from the field Yes

interviews were conducted by one of the investigators (PKJH) between June and 

August 2014 with six genomics, genetic counseling, and bioethics experts from 

among the NHGRI-funded Clinical Sequencing Exploratory Research (CSER)

Can’t tell Details have not been 

reported
Can’t tell Details of any ethical approval has 

not been reported
Yes

The interviews were transcribed verbatim and the transcripts coded for 

these topics. Themes were then synthesized from the coded transcripts by 

two of the study investigators , and used to expand a draft taxonomy of 

uncertainties specific to genome sequencing and clinical genomic testing 

that was modeled on Han and colleagues’ three-dimensional conceptual 

Yes

Resutls and discussion 

elaborately discuss the findings 

usder the headings source, 

issue and locus

Can’t tell 

A taxanomy for uncertanity for genomics 

based on the authors previous classification 

was developed. The authors are bound by 

the constraints of source, issue and locus 

and may have missed out any other themes 

12 Ukei 2017 Yes

This study aimed to examine maternal uncertainty 

about children’s hospitalization due to acute 
childhood illnesses.

Yes

Maternal perceptions were being 

collected and hence qualitative 

methodology is approprite 

Yes Unstructured interviews were conducted at the time of discharge Yes

15 Japanese mothers of children aged 1 - 12 months who 

had been hospitalized for the first time due to acute 

childhood illnesses, and conducted unstructured interviews 

with the participants at the time of discharge.

Yes

Data were collected between November and December 2014 with open-ended 

interviews conducted on either the day of discharge or the day before discharge. 

The first author interviewed the participants alone and recorded the data from all 

cases in an isolated sound-proofed family visiting room outside the ward.

Can’t tell Details have not been 

reported
Yes

"This study was approved by the 

Ethics Committee of Health Sciences, 

Osaka University (No. 300) and the 

Institutional Review Board of the 

research hospital (No. 21). Ethical 

Yes

We transcribed the interviews verbatim using the arrangement function of 

qualitative data management software (NVivo ver. 10, QSR International, 

Japan). We reviewed and read the transcripts repeatedly to achieve 

immersion. The arranged verbatim record was divided into meaning units 

by coding. This coding process was conducted by the first author. We did a 

Yes

Themes were presented clearly 

with representative quotes 

from the interviews 

Yes

Unique themes like ambiguous 

appropriateness of management were 

idnetified which added value to the 

taxonomy we were trying to conceptualise

13
Brondani 

2021
Yes

"To explore the ways in which that first wave of 

novel coronavirus infections resulted in 

uncertainties, as experienced by members of the 

oral health care workforce in British Columbia"

Yes

Interview whould hep to understand 

the uncertanity faced by participants 

covid pandemic 

Yes
"Guided interviews were conducted to understand the uncertainties 

experienced due to 
Yes

This qualitative inquiry purposefully recruited frontline oral 

health care workers, including  dentists, dental hygienists, 

certified dental assistants, and administrative staff, via 

remote semi-structured interviews between April 20 and 

May 4, 2020."Participants were purposefully recruited 

Yes

The interviews were held till data saturation A total of 45 interviews, lasting 

between 39 and 74 minutes each, were conducted involving 18 dentists (6 females), 

12 dental hygienists (11 females), certified dental assistants.

females), and 9 administrators/front-desk staff (7 females)

Can’t tell Details have not been 

reported
Yes

Ethical approval was taken and 

anonymity was maintained through 

out.

Yes
Thematic analysis was done. Coding, categories, and themes were 

inductively assigned.
Yes

Five main themes emerged 

pertaining to uncertainties 

surrounding COVID-19, patient 

care, personal lives and 

infectiousness, concern for the 

Yes

Several unique themes like uncertainites 

with the pandemic nad the future were 

identified which add value to the taxonomy 

we are trying to conceptualise
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Was the data analysis sufficiently rigorous? Is there a clear statement of findings? How valuable is the research? SL NO
Study 

Citation

CASP Criteria

Was there a clear statement of the aims of the research? Is a qualitative methodology appropriate? Was the research design appropriate to address the aims of the research?
Was the recruitment strategy appropriate to the aims of the 

research?
Was the data collected in a way that addressed the research issue?

Has the relationship between 

researchers and participants been 

adequately considered?

Have ethical issues been taken into 

consideration?
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28

29

30

31

32

33

34
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 Supplementary file 6- Articles related to uncertainty classifications developed from reviewing 

the literature 

Study Context Classification of uncertainties 

Fox 19577 

Uncertainties experienced 
by doctors  

• Uncertainty in knowledge which can never 
be mastered 

• Uncertainty of reality 
• Uncertainty of knowledge or imperfect 

mastery. 

Light 19798 

Uncertainties experienced 
by medical residents 
(trainees) 

• Uncertainties arising from relationship of 
students with their instructors 

• Uncertainties from diagnosis, analysis, and 
treatment of those problems and from the 
clients or patients’ responses. 

Mishel 
198815 

Uncertainties in nursing 
and related fields  

• Ambiguity 
• Complexity 
• Deficient information 
• Unpredictability of patients’ course of 

illness and outcomes 

Smithson 
198917 

Uncertainties in 
healthcare in general  

Lack of knowledge which arises from 

• Probabilities (likelihood) 
• Ambiguity (multiple causes) 
• Vagueness (fuzzy boundaries) 

Babrow 
199830 

Uncertainty experienced 
by physicians and by 
extension patients  

• Complexity 
• Qualities of information 
• Probability 
• Structure of information and lay 

epistemology 

Penrod 
200119 

Uncertainties related to 
patients described in the 
field of nursing   

Experience of patients with illness regarding  
• Prognosis 
• Course of treatment 
• Choice of provider 
• Family relationships. 

Begun 200420 

Uncertainties in the 
organisational 
environment of 
healthcare system 

Environmental uncertainty  
• Complexity  
• Dynamism 

Han 20112 

Uncertainties in 
healthcare 

• Source 
• Issue  
• Loci 
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Study Context Classification of uncertainties 

Djulbergovic 
201122 

Uncertainties in clinical 
practice and research 

• Epistemic  
• Subjective 
• Linguistic uncertainty  
• Probability 

Wray 201527 
Uncertainties experienced 
by physicians  

• Informational due to knowledge deficits  
• Intrinsic uncertainties inherent in daily 

clinical care 

Hong 202012 

Uncertainties in 
communicating cancer 
related genetic risk 
information to patients  

Uncertainty about understanding genetic 
information were classified as 

• Future cancer risks 
• managing genetic information or mutation 

status 
• Utility of genetic information  
• Genetic test results before undergoing 

testing or receiving the results 
• Impact of genetic results on family and life 

Lee 202011 

Uncertainties pertaining 
to medical students  

• Sources 
• Subjective influences 
• Responses to uncertainty 

Pomare 
20195 

Uncertainties in complex 
healthcare systems  

Addition of additional issues to Han’s framework  
• Ethics 
• Structures of care  
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Supplementary file 7-Thematic synthesis of empirical research and case studies as described by Thomas and Harden 

Final codes Descriptive themes Analytical themes 

1. Unpredictability leading to uncertainties 

1. Stochastic uncertainty 
1. Aleatoric uncertainty 

 
2. Statistical uncertainty 

3. Future risk leading to uncertainties 

4. Expensive investigations 

2. Diagnostic uncertainty 
2. Clinical uncertainty 

 

5. Lack of robust clinical protocols 

6. Resemblance to other diseases 

7. Role of co-factors 
3. Prognostic uncertainty 

8. Seriousness of condition 

9. Negotiation skills 

4. Communication of knowledge 
3. Knowledge exchange related uncertainty 

 

10. Uncertainties due to cues picked during conversation 

11. Uncertainties due to language used during communication 

12. Uncertainty due to lack of patient-centred communication 

13. Clinicians’ ignorance or lack of skill 
5. Knowledge related to stakeholders 

 

 

4. Epistemic uncertainty 

 

14. Patient’s level of education 

15. Ambiguity leading to uncertainties 

6. Quality of knowledge or information 16. Complexity leading to uncertainties 

17. Lack of credibility leading to uncertainties 

18. Growth of medical technology related knowledge leading 

to uncertainties 
7. Quantity of knowledge 

19. Less knowledge or information leading to uncertainties 

20. More knowledge or information leading to uncertainties 

21. Prioritising patients due to lack of resources  

8. Ethical dilemmas 

5. Ethical uncertainty 

 

 

 

 

 

 

  

22. Time pressure dictating patient treatment 

23. To inform or not to inform patients about lack of evidence 

24. Clinicians making decisions on behalf of the patient or 
family members 

9. Proxy uncertainties 

25. Parents making decisions on behalf of their child 

26. Suddenness of the situation 6. Global uncertainty 
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Final codes Descriptive themes Analytical themes 

27. Uncertainty due to lack of conclusive results from 

emergency research 

10. Lack of evidence in new diseases 

(Pandemics/epidemics)) 

28. Uncertainties created by media 11. Uncertainties due to (global) 
stakeholders involved in key 

decision making 

29. Uncertainties due to social arrangement of power 

30. Uncertainties due to subjective decision making 

31. Inability to establish a cause-and-effect relationship 12. Uncertainties which are disease 

related (global emergency related) 32. Uncertainties due to lack of pattern in disease presentation 

33. Timing of the week or day 13. Contextual uncertainties 

 

7. Health care system uncertainty 

34. Errors in reporting 
14. Investigative uncertainties 

35. Over testing in response to or leading to uncertainties 

36. Lack of check mechanism 
15. Lack of resources 

37. Lack of facilities 

38. Level of experience 

16. Uncertainties related to doctors 

 

 

 

 

 

8. Personal uncertainty 

 

 

 

 

  

39. Clinicians’ personal fears 

40. Previous experiences (clinician) 

41. Proxy uncertainties (clinician) 

42. Risk taking behaviour (Clinician) 

43. Uncertainty intolerance (Clinician)  
44. Unclear patient characteristics 

 

 

17. Uncertainties related to patients 

 
 

45. Influence of friends and family 

46. Patient’s level of education 

47. Patients’ personal beliefs 

48. Patients’ personal fears 
49. Risk taking behaviour 

50. Trust issues 

51. Uncertainty negatively perceived 

52. Uncertainty positively perceived (coping with) 

53. Proxy uncertainties (Carers) 18. Uncertainties related to carers 

 

 

54. Associated fears of parents 

55. Personal interpretations (parents) 

56. Lack of quantifiability or measurability 19. Methodological uncertainties 9. Parameter uncertainty 
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Final codes Descriptive themes Analytical themes 

57. Model inadequacy  

58. Procedural uncertainties 

59. Guidelines cannot be generalised 20. Uncertainty pertaining to guidelines 

 60. Inability to apply guidelines to all situations 

61. Uncertainties due to socio-economic inequalities and 

inequities 
21. Uncertainties in establishing and 

implementing the national standards 

 
 

10. Public health uncertainty 

62. Uncertainties in implementing preventive measures 

63. Uncertainty due to lack of standardised definitions 

64. Uncertainties due to challenges in data collection 
22. Uncertainties related to 

epidemiological data 
65. Uncertainties due to lack of previous records  

66. Uncertainty due to unclear risk distribution 

67. Interaction of clinicians with other health care team leading 

to uncertainties 23. Interpersonal relationship leading to 

uncertainties 

 

11. Relational uncertainty 

68. Interaction or conflict between patients’ friends, relatives 
with clinician team leading to uncertainties 

69. Physician- patient interaction leading to uncertainties 

70. Improper team management leading to uncertainties 24. Lack of unified teamwork leading to 

uncertainties 71. Trust issues in the team leading to uncertainties 

72. Uncertainties due to avoiding referral 

25. Networking leading to uncertainties 

 

73. Uncertainties due to involvement of multiple people 

74. Uncertainties due to referral 

75. Uncertainties due to seeking help from others 

76. Fear of stigma leading to uncertainties 26. Social relationships leading to 

uncertainties 77. Helplessness or feeling unsupported leading to uncertainties 
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