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Abstract. – OBJECTIVE: Our aim was to 
reach expert consensus on specific learning 
outcomes (LOs) that can be achieved through 
clinical simulation aimed at developing the com-
petencies that medical students need to be able 
to successfully manage patients and assume 
general clinical responsibilities.  

MATERIALS AND METHODS: The six-mem-
ber scientific committee peer-reviewed Spanish 
reference documentation (in line with the Bolo-
gna Process) on required competencies in med-
ical undergraduate students to select an ini-
tial set of 16 competencies that could feasibly 
be developed through simulation and a corre-
sponding set of 75 LOs. Snowball sampling was 
used to identify candidates for an internation-
al panel of simulation experts. Applying a set 
of pre-defined criteria, 19 panelists from sev-
en Spanish-speaking regions were recruited to 
participate in a modified two-round Delphi pro-
cedure based on electronic questionnaires and 
aimed at reaching formal consensus on appro-
priate LOs for simulated medical training. 

RESULTS: Final agreement between the pan-
elists was high: no mean score fell below 7.26 of 
a maximum of 9, and all 75 LOs were agreed on, 
74 in the first round and only one requiring the 
second round. The 16 LOs with mean scores in 
the top 25th percentile were selected as a set of 
core LOs to attain via simulation.

CONCLUSIONS: This Ibero-American consen-
sus on observable and measurable LOs, reflect-
ing competencies that can feasibly be devel-
oped via clinical simulation, is a framework that 
aims at helping medical schools’ plans and de-
livering specific kinds of undergraduate med-
ical training through simulation. It is also pro-
posed in a set of core LOs as a starting point for 
less experienced schools to design a simulated 
training program.
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Introduction

Doctors need a broad range of technical 
and skills to undertake clinical tasks, such as 
taking medical histories, performing physi-
cal examinations, diagnosing diseases, estab-
lishing prognoses, and prescribing treatments. 
They therefore need to develop competencies 
related to organization and planning, informa-
tion management, problem-solving, teamwork, 
leadership, critical thinking, ethical commit-
ment, and interpersonal communication. Such 
competencies should be developed as part of 
the undergraduate Medical degree, according 
to the Bologna Process agreements aimed at 
unifying criteria and standardizing academic 
procedures across 46 European Higher Edu-
cation Area (EHEA) countries based on the 
principles of quality, mobility, diversity, and 
competitiveness1,2. However, many medical stu-
dents feel that their education does not offer 
sufficient opportunities for personal training in 
clinical practice, while many countries legally 
restrict autonomous interaction between medi-
cal students and patients3. 

In the last 30 years, simulation has been wide-
ly used to train students in the competencies 
required for healthcare professionals. As defined 
by Gaba4, “simulation is a technique – not a tech-
nology – to replace or amplify real experiences 
with guided experiences that evoke or replicate 
substantial aspects of the real world in a fully 
interactive manner”. 

Clinical simulation used with undergraduate 
medical students has many potential advan-
tages. In line with healthcare ethical commit-
ments5, it is safe for both patients and students, 
as the students operate in a risk-free but real-
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istic setting, can repeat procedures until objec-
tives are achieved, and have time and space to 
reflect on mistakes as a learning opportunity6. 
From the teaching perspective, scenarios can 
be adapted to particular needs and can include 
infrequent clinical situations. Finally, objec-
tives and standardized evaluations of simu-
lation performance help developing a culture 
of patient safety and professional humility in 
future doctors. 

Simulation can contribute to closing the ed-
ucational gap between medical knowledge and 
clinical competences in undergraduate education. 
Its usefulness has been demonstrated in terms 
of enhanced knowledge acquisition and more 
effective patient management7, clinical communi-
cation, and teamwork8. Students can also acquire 
experience of urgent medical scenarios that sim-
ulate real-life clinical practice, where, for safety 
reasons, student participation is usually token and 
insignificant.

Several simulation experiences have been 
reported for medical schools in recent years, 
focusing on different competencies and clin-
ical situations at different stages of the un-
dergraduate medical curriculum. However, no 
clear guidelines exist as to which cross-curric-
ular clinical competencies could be effectively 
learned in simulated settings, nor a well-es-
tablished academic consensus on the learning 
outcomes (LOs) that could be used to assess 
competencies exists. 

Critical to guiding the design of simulated 
clinical scenarios for medical students is a clear 
LO map and objective tests that measure compe-
tency attainment, whether in relation to subjects, 
academic years, clinical clerkships and rotations, 
etc. In 42 medical Spanish schools, for instance, 
a simulation proposal would standardize simula-
tion in objective structured clinical examination 
(OSCE) testing of end-of-degree clinical compe-
tence9,10. 

Our aim was to achieve international expert 
consensus on LOs for cross-curricular clinical 
competencies that need to be acquired by under-
graduate medical students and that could feasibly 
be developed using simulation as a substitute for 
real-world experience. We propose our research 
as a starting point for developing and standard-
izing simulation procedures in medical schools 
wishing to include simulation in their curricula. 
Our specific focus is the Ibero-American cultural 
sphere, i.e., Spain and other American countries 
where Spanish is a vehicular language11. 

Materials and Methods

Consensus Procedure Overview
We conducted an expert consensus study using 

the modified Delphi technique12-14 in two survey 
rounds. Delphi panelists responded to a ques-
tionnaire containing a battery of possible LOs 
that could be trained through clinical simulation, 
which they scored according to a single ordinal 
agreement/disagreement scale; panelists were al-
so able to include explanatory comments and ex-
press opinions. Before the second round, experts 
received a detailed statistical report on the first-
round results, so that they could reconsider their 
positions in view of the collective intelligence of 
all the panelists in the second round.

The anonymity of the experts and confiden-
tiality of their data was assured to avoid undue 
influence among the panelists. The electronic 
questionnaires were administered via a dedicat-
ed survey website. Standard statistical criteria 
were used to determine consensus, as described 
below. 

Questionnaire Development
A list of undergraduate medical competencies 

and LOs that could potentially be developed 
through simulation was drawn up in various 
rounds by the Project’s Scientific Committee 
(the six authors of this paper), based on an initial 
proposal made by the group coordinator (SE). 
Two documents were used as a framework for the 
list: the Spanish ministerial decree establishing 
requirements for official university medical de-
grees15 and the White Paper on the Undergraduate 
Degree in Medicine, published by the National 
Agency for Quality Assessment and Accredita-
tion (ANECA, the state body responsible for au-
thorization, assessment and accreditation of uni-
versity programs and instructors in Spain)16. The 
23 pre-selected competencies (11 cross-curricular 
and 12 specific) and 76 LOs were reviewed by 
the scientific committee and, based on criteria of 
applicability in different settings, reduced to 16 
competencies and 75 LOs.

Panelist Recruitment
An international panel of experts was selected 

according to the following criteria: clinical and/
or scientific leadership, breadth of knowledge 
and interest in clinical simulation, scientific 
attitude and aptitude, teaching merit, simulation 
teaching experience, ability and willingness to 
work in a team, and a high level of intrinsic mo-
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tivation17-19. Selection commenced with a review 
by the scientific committee members of profes-
sional contacts with clinical simulation exper-
tise in the targeted study area (Ibero-America). 
Candidates received a cold-call email invitation 
that included a brief description of the project’s 
objectives and methodology. Recruited panelists 
from the initial list were asked to act as key 
informants in identifying and endorsing further 
eligible candidates in their region. This process 
was repeated three times, applying an expo-
nential non-discriminative snowball sampling 
technique20. 

Evaluation Scales, Data Analysis, and 
Consensus Criteria

Using a Likert-style 9-point ordinal scale, the 
panelists assessed the suitability of the proposed 
LOs according to their professional judgement 
and personal teaching experience. To facilitate 
interpretation, the scale, ranging from 1 = “not 
at all appropriate” to 9 = “highly appropriate”, 
was divided into three agreement categories (UC-
LA-RAND Corporation)18,19,21,22 as follows: 1-3 
= “inappropriate”; 4-6 = “questionable” (neither 
appropriate nor inappropriate, no defined person-
al criteria); and 7-9 = “appropriate”. In addition 
to scores, each panelist could add explanatory 
comments and opinions.

After each Delphi round, the median score in 
each of the three above-mentioned scoring cat-
egories (1-3, 4-6, 7-9) was used to establish the 
majority opinion. Consensus depended on how 
panelists’ scores were distributed in each scoring 
category. A LO was considered to have achieved 
consensus (i.e., agreement of opinion among the 
panelists) when less than 1/3 scored outside the 
three-point category containing the group medi-
an, classifying the LO as “inappropriate” (median 
<3), “appropriate” (median >7) or “questionable” 
(median 4-6). Discrepancy was defined as 1/3 or 
more panelists scoring 1-3 and another 1/3 or more 
scoring 7-9. LOs classified as “questionable” and 
“discrepant” and LOs for which opinions ranged 
widely [interquartile range (IQR) ≥4 points] were 
submitted to the second Delphi round18,20. 

The arithmetic means of the panelists’ scores 
were used to rank the different LOs according 
to their relative importance in terms of expert 
criteria17,23. Based on this ranking, LOs in the top 
quartile of the ranking (25% of items with the 
highest mean scores) were considered to be core 
LOs, i.e., they were considered to be essential 
clinical simulation LOs for medical students.

Qualitative Analysis 
Comments made by the panelists during the 

Delphi survey were independently analyzed by 
two of the authors (SE and DM) and were then in-
ductively coded and grouped into a final list of se-
mantic categories through a peer-review process.

Results

As a result of the snowball sampling proce-
dure, we pre-selected 30 candidates who had 
either received several nominations or who fully 
complied with our criteria. Before recruitment, 
we asked the candidates to be sure that they had 
sufficient time and no conflict of interest. Of 
the 30 candidates, 11 declined for various rea-
sons (mainly issues of time or personal circum-
stances), leaving 19 experts who participated as 
panelists. The panelists were based in Spain (9) 
and other countries where Spanish is a vehicu-
lar language, namely, Argentina and Mexico (2 
each), Chile, Ecuador, Paraguay (1 each), and 
the USA (3). All 19 panelists completed the two 
Delphi rounds. 

The panel agreed on 74 of the 75 LOs in the 
first round, and the remaining LO (#58: “Ask the 
patient about their expectations of treatment”) 
was agreed on in the second round. Supple-
mentary Table I describes the 16 competency 
categories and 75 LOs and shows scoring means, 
medians, IQRs, and the percentages of scores that 
did not concur with the median (opinions that 
contradicted the majority opinion). 

Table II lists the 16 “core competencies” of 
the LOs (with scores rounded to a single decimal 
point) that achieved the greatest consensus among 
the panelists, i.e., the core (highest scoring) LOs 
corresponding to the upper quartile of the mean 
(>8.28 points). The 16 LOs correspond to the fol-
lowing six competency categories: “Leadership”, 
“Obtains and compiles a medical record contain-
ing all relevant information”, “Performs a physi-
cal examination and mental health assessment”, 
“Recognizes and treats urgent life-threatening 
and others condition requiring immediate atten-
tion”, “Clearly writes up medical records and oth-
er healthcare documents”, and “Communicates in 
an efficient and empathetic manner with patients, 
relatives, and colleagues”. The maximum dis-
agreement among panelists regarding the 16 LOs 
was 5.56% for four LOs (#26, #38, #45, and #53), 
while disagreement was null for the remaining 
12 LOs.

www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-11772.pdf
www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-11772.pdf
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The panelists made 81 and 29 comments (total 
110) in the first and second Delphi rounds, re-
spectively, classified by the scientific committee 
into six categories. Two thirds of comments (71) 
expressed agreement with the wording of the 
item. The remaining comments (39) – which did 
not lead to any changes in wording – were as 
follows: explanations for disagreeing with an LO 
(7), questioning of the intelligibility of wording 
and requests for clarification (4), suggested LO 
reformulations (3), and expressions of interest in 
including other LOs (2), although with no further 
details; the remaining 22 comments were pro-

posals for scenarios and ways of implementing 
LOs in practice. Comments were processed and 
returned to the panelists after the corresponding 
rounds to give the panelists an opportunity to 
reconsider their previous decisions.

Discussion

The main contributions of this study are two: 
the achievement of expert consensus on 75 LOs 
in 16 categories reflecting cross-curricular and 
specific competencies that can be developed and 

Table I. Core learning outcomes included in the top 25th percentile of means (mean score >8.28). 

						      %
						      outside
		  Competencies (CO) and learning outcomes (LO)	 Mean	 Median	 IQR	 median

CO VI	 LEADERSHIP				  
LO26	 Fosters a working environment based on respect and listening.	 8.4	 9	 1	 5.56
CO IX	 Obtains and compiles a medical record containing all relevant information 				  
LO37	 Openly asks for the reason for the consultation and records it in the 	 8.7	 9	 1	 0
	 medical record.
LO38	 Takes a history of the current illness. 	 8.3	 9	 1	 5.56
LO40	 Lists the patient’s personal history in the medical record. 	 8.4	 8.5	 1	 0
CO X	 Conducts a physical examination and mental health assessment				  
LO43	 Explains the examination to the patient, as well as the reason and 	 8.3	 9	 1.5	 0
	 where it will be carried out. 
LO45	 Checks vital signs (heart rate, respiratory rate, blood pressure, temperature,  	 8.5	 9	 1	 5.56
	 etc), as appropriate to the case. 
LO46	 Performs a physical examination appropriate to the medical problem. 	 8.6	 9	 1	 0
LO47	 Examines the patient thoroughly following a systematic approach	 8.5	 9	 1	 0
	 (by organs and systems, etc), performing a physical examination, 
	 palpation, percussion, and auscultation as appropriate.
CO XII	 Recognizes and treats life-threatening and other conditions requiring 				  
	 immediate attention				  
LO53	 Carries out a systematic airway, breathing, circulation, disability, exposure 	 8.6	 9	 0.5	 5.56
	 (ABCDE) assessment for severity, and, for obvious bleeding, changes 
	 ABCDE to CABDE. 
LO54	 Implements life-support measures (airway, ventilation, circulation, 	 8.5	 9	 1	 0
	 brain injury prevention) and manages changes in test results that may 
	 indicate immediate surgery. 
CO XV	 Clearly writes up medical records and other healthcare documents				  
LO61	 Describes the main reason for the consultation. 	 8.5	 9	 1	 0
LO62	 Describes the patient’s history, conditions, surgeries, medications,	 8.3	 8	 1	 0
	 allergies, and social and family history in an orderly manner using
	 different headings. 
LO65	 Organizes how the physical examination is described (by either region or 	 8.3	 8	 1	 0
	 function), headed by a description of vital signs. 
CO XVI	 Communicates in an effective and empathetic manner with patients, 
	 relatives, and colleagues 				  
LO68	 Introduces himself/herself at the beginning of the simulation scenario.  	 8.7	 9	 1	 0
LO72	 Respects patients and colleagues as they are, without making	 8.5	 9	 1.5	 0
	 value judgements or showing prejudice. 
LO75	 Maintains receptive body language during encounters with the patient	 8.3	 9	 1.5	 0
	 and team, in accordance with the verbal language used.

Note: Reported means are rounded to one decimal point.
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assessed in medical students through simulation, 
and a list of 16 core LOs – from one cross-curric-
ular and five specific competency categories – for 
which consensus was greatest.   

Our study – which addresses a challenge posed 
by the EHEA Bologna Process agreements sever-
al years ago2,22,24 – proposes practical reflection 
on how clinical simulation can contribute to 
the university learning process: over and above 
the simple transmission of knowledge, students, 
through simulation, can develop the specific com-
petences required of their profession. 

Developing a competency-based curriculum 
requires defining LOs in advance, specifically: 
deciding the desirable qualities of a future medi-
cal professional, and deciding the knowledge and 
skills needed to enable successful transition to the 
chosen specialized medical field. Basic clinical 
competence, which encompasses all the knowl-
edge, skills, attitudes, and judgements needed 
to resolve clinical problems, is an increasingly 
complex multidimensional construct. This com-
petence is acquired by students along a pathway 
that, according to Miller’s pyramid25, progresses 
from ‘knows’ (knowledge), to ‘knows how’ (com-
petence), to ‘shows how’ (performance), to ‘does’ 
(action). 

In traditional medical education, students ad-
vance to the upper levels of the Miller’s pyramid 
via clinical clerkships and rotations that enable 
them to observe their instructors and practice 
their skills on patients. However, this scenario 
can lead to discomfort and safety issues for both 
patients and students. Clinical practice, in a sim-
ulated training environment, avoids those issues 
and enables the trainee to perform autonomously 
in unusual or complex clinical scenarios. Our 
study attempts to highlight where simulation 
could best contribute to competence attainment 
by students. 

Our international expert Delphi panelists have 
proposed a comprehensive list of 75 LOs for 
observable medical competencies that can be 
developed through clinical simulation. Clarifying 
the nature and usefulness of our consensus, our 
primary purpose was not to develop a specif-
ic checklist of clinical competencies developed 
through simulation (e.g., as used in the OSCE 
tests), but to provide medical schools with an 
outline of which aspects of clinical competen-
cies could feasibly be trained via simulation as a 
substitute for real-life practice. Others interested 
in using all or some of our proposed LOs as an 
assessment tool should, however, first analyze 

and establish the psychometric properties of their 
new constructs. 

Our proposal can serve as a framework to set 
local learning objectives and devise a simulation 
design. From this starting point, teaching, learn-
ing, and assessment activities based on simulation 
can be rationally integrated in an undergraduate 
medical curriculum. We suggest that academic 
planners should focus on where simulation can be 
most useful, and especially on competencies for 
which training cannot be guaranteed for students, 
whether due to the low prevalence of a disease, 
the high risk associated with a procedure, unreal-
istic cost, or other reasons. 

Properly assessing and highlighting the novel-
ty of this consensus requires its aims and content 
to be distinguished from other useful universi-
ty-level simulation initiatives. The medical liter-
ature reports various simulation experiences in 
medical schools26, discussing activities to develop 
competencies27, making proposals for simulation 
integration in the curriculum28, and recommend-
ing the most appropriate types of simulation29. 
However, what has not been clearly established 
to date is a consensual proposal of aspirational 
clinical simulation goals for undergraduate med-
ical students. Our study attempts to fill this gap, 
focusing on a specific geographical framework 
(Spanish-speaking countries).

The orderly design of any simulation pro-
gram requires a set of reference LOs. Only by 
predefining the pursued LOs we can adequately 
focus on the following simulation blueprint com-
ponents: selecting appropriate objectives and con-
tents, planning the necessary training activities 
(scenarios, resources, methods), and designing 
assessment procedures appropriate to the pre-
defined aims30,31. In our experience, the lack of a 
clear map of agreed LOs is an impediment to the 
organization of rational undergraduate programs 
by instructors, even when they have previous 
advanced expertise in simulation, e.g., in post-
graduate or specialized settings. For instance, 
activities may be too complex or sophisticated, or 
may overestimate trainees’ medical knowledge, 
leaving students feeling uncertain about what 
they are doing or are supposed to do, feeling 
dissatisfaction, and rejecting simulation activi-
ties32,33.

Our comprehensive LO proposal covers all 
competency dimensions (cognitive, psychomo-
tor, and attitude/emotional). Although clinical 
simulation is usually associated with manual and 
equipment operation skills, our LO proposal also 
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works on cognitive LOs in the highest taxonomic 
categories proposed by Bloom (applying, syn-
thesizing, and evaluating)34; for instance, LO #3 
requires students to defend what they consider a 
priority at any given time, and LO #18 requires 
students to reflect about mistakes made as a 
learning opportunity. We believe that our pro-
posal can enrich simulation programs that focus 
almost exclusively on developing instrumental 
skills. 

Fully acknowledging that the full set of 75 LOs 
may seem daunting to any instructor, we suggest 
that each medical school, in designing its simula-
tion activities, chooses the most appropriate LOs 
for its particular context, i.e., suitable for its stu-
dents and depending on the resources and faculty 
expertise available. To facilitate prioritization, 
we propose the 16 LOs that achieved the highest 
agreement among the Delphi panelists (Table I) 
as a set of core LOs that could be considered as 
an aspiration and/or a departure point for the de-
sign of a simple simulation programme35-37. This 
reduced set of LOs will be especially useful in 
universities that have not yet begun implementing 
this teaching method and so need to start on a 
small scale. 

The reduced set of 16 LOs – which focus 
on students developing competencies that cover 
exercising leadership, clarifying the reasons for 
consultations and taking histories, completing 
medical records with essential clinical informa-
tion (verbal and exploratory), performing phys-
ical and mental assessments, deploying inter-
personal communications that transmit respect 
and empathy and avoid value judgements or 
prejudices, and recognizing and guiding the ini-
tial management of life-threatening conditions – 
reflect aptitudes and attitudes that would enable 
student to successfully transition to their chosen 
specialized training38,39. As experienced instruc-
tors of medical residents can confirm, however, 
current university programs in many countries 
cannot guarantee that basic student profile, as 
reflected in the 16 LOs, on graduation. Our 
proposal could respond, therefore, to a genuine 
educational need for change in the traditional 
medical education model.

The COVID-19 pandemic, as yet ongoing, has 
not only broken down traditional medical edu-
cation barriers by preventing medical students 
from going to classrooms and hospitals for train-
ing, but it has also made possible to critically 
evaluate the current medical education model. 
In a social distancing context, simulation has 

become an invaluable tool for training students, 
as it has allowed them to develop competencies 
in a low risk environment40, even if tele-simu-
lated41,42. Our list of LOs that can be assessed 
through simulation contributes to this new form 
of distance learning.

As for critical assessment of methodological 
issues pertinent to the validity of our study, 
the initial step for this kind of study is typi-
cally the literature review, with a broad update 
of all available scientific evidence launching 
the consensus process regarding clinical prac-
tice13. However, because the primary informa-
tion source needed to be the comprehensive 
legal framework on competencies for under-
graduate medical education in Spain, we did 
not carry out a conventional literature review. 
Instead, the scientific committee (an expe-
rienced Spanish university-level simulation 
group) peer-reviewed the reference documents 
to select competencies that would be especial-
ly suited to simulated training. Situations for 
which real-life training could entail unaccept-
able risk were prioritized, also those that would 
expose students to low-prevalence scenarios 
(e.g., life-threatening conditions), and those 
for which pre-training in advance of clinical 
clerkships or rotations was advisable. We un-
derstand our final set of observable and mea-
surable LOs to be in line with other European 
documents1, and to reflect what the learner is 
expected to know, understand, and be able to 
do by the end of the learning period. 

The international panelists, without exception, 
readily accepted the European origin of the re-
viewed reference documents from the EHEA; 
this acceptance was probably facilitated by the 
similarities in academic medical programs be-
tween Spain and most Latin American countries 
(six-year Flexner based curriculum43, clear sep-
aration between preclinical and clinical peri-
ods, and similar subjects and clinical practices). 
Undoubtedly, the countries of the non-Spanish 
panelists benefit from mutual recognition of qual-
ifications and possibilities for student mobility, 
as well as share other cultural and political links. 
Sharing the same vehicular language (Spanish) 
also avoided problems related to translation of the 
questionnaires.

The validity of our conclusions can be objec-
tively assessed by the provision of some technical 
details on the Delphi method and on panel com-
position. One of the main strengths of the Delphi 
method is iteration in rounds, as this encourages 
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panelists to reflect on their opinions once they be-
come aware of the opinions of others. The method 
does not intend to establish truths but to foster 
convergence of different perspectives on a contro-
versial issue with the goal of demarcating common 
ground acceptable to a majority. In other words, 
reaching consensus about an issue does not imply 
‘correct’ answers, but experts making proposals 
that help uncertain others taking decisions. 

As for the panelists, the reliability and validity 
of the consensus results depends, among other 
things, on their number and profile44,45. There is 
no evidence to suggest that increasing the number 
of experts leads to different results than those 
obtained with 15 to 22 experts46 (our panel was 
composed of 19 experts). The critical issue is 
whether or not the panelists are genuine experts 
and influential in their respective fields. We ac-
cordingly defined explicit inclusion criteria that 
profiled the ideal panelist as an expert on clinical 
simulation in undergraduate medical education. 
Outside of those criteria, some panelists were 
selected more subjectively – via endorsement by 
trusted peers – through an exponential non-dis-
criminative snowball sampling process whereby 
recruited panelists recruited others for the re-
search study47,48. Unlike probability sampling (not 
feasible or practical in our case), non-probability 
sampling is non-random, as sampling is based on 
accessibility. This approach is particularly suit-
able when it is difficult to reach, and to compile a 
sample from, the population of interest. Snowball 
sampling is therefore a useful way for researchers 
to identify candidates that may not have other-
wise been targeted. 

Although sampling began with a convenience 
sample of the initial experts, the chain-refer-
ral-sampling process, to some extent controlled for 
selection bias, due to the desire and influence over 
who manages the consensus47,48. This approach, 
however, runs a small risk of generating a biased 
sample, as experts with a significant number of 
social connections may refer to other research-
ers similar to them. We ameliorated this risk by 
initiating a separate snowball process in each 
country where the scientific committee identified 
its initial experts. We also limited the process to 
three recruitment waves in each country. The fact 
that Spanish panelists were in the majority was a 
consequence of a higher affirmative response rate 
to the initial cold-call invitation. 

Finally, the LOs in the first- and second-round 
questionnaires sent to the Delphi panelists were 
individually judged according to scores, which, 

when summed, resulted in an indicator of appro-
priateness, acceptability, and feasibility for each 
LO. To guarantee the validity of the results, we 
applied the standard reinforced majority criteri-
on, i.e., group agreement was established when 
fewer than 1/3 of the experts scored outside the 
three-point category containing the group medi-
an18,49. Despite this demanding constraint, final 
agreement between the panelists was high: no 
mean score fell below 7.26 of a maximum of 9, 
and all 75 LOs agreed, 74 in the first round and 
only one (#58) requiring the second round. That 
level of homogeneity for a dispersed anonymous 
group with no face-to-face contact may seem sur-
prising, yet we are of the opinion that, in choosing 
the survey content, the drafters demonstrated 
both academic expertise and realistic expecta-
tions regarding the international feasibility of 
their proposals. 

We hope that this broad LO consensus achieves 
wide diffusion as an inspirational simulation 
framework for undergraduate medical students. 
In the same geographical area and with identical 
scope, similar proposals defining teaching objec-
tives for undergraduate medical education have 
found success in recent years, e.g., a proposal for 
LOs on clinical communication skills for Span-
ish and Latin American medical schools50,51. We 
also hope that our LO consensus can contribute 
to standardizing clinical simulation by medical 
schools and promote academic exchanges be-
tween teachers and students in Spanish-speaking 
environments.

Conclusions

This Ibero-American consensus on simula-
tion LOs aimed at developing medical compe-
tencies is designed as a framework to help med-
ical schools plan and offer appropriate training 
through simulation to undergraduate students. 
A core set of 16 essential LOs is identified as 
a starting point for the design of simulation 
programs for less experienced universities. Our 
proposal is especially targeted at Spain and 
Latin American countries sharing Spanish as a 
common language. 

Finally, we propose several lines of research 
into simulation inspired by this research. 

To just list a few: what specific clinical scenari-
os are most effective in achieving LOs? How ma-
ny simulation activities should be included and 
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how should they be sequenced? What summative 
assessment criteria should be used for simulated 
activities and what weight should they be given 
in the overall assessment of medical student com-
petence? What additional measurable advantages 
does clinical simulation have over traditional 
training in specific vital competencies (e.g., man-
agement of life-threatening conditions). What is 
the ideal training profile for simulation instruc-
tors that will optimize simulation outcomes? 

Our proposal, we hope, can be an initial step 
towards standardized LOs and a shared simula-
tion teaching pathway that will enable univer-
sities to compare their results and spread best 
practices46,48.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
The authors are grateful for the contributions of the mem-
bers of the scientific committee and the expert panel. Their 
comments have helped us to meet the goal of having achiev-
able learning outcomes with simulation.

Consensus Panel Members
Alonso Mateos Rodríguez (emergency physician, Spain), 
Analia Castiglioni (Internist, USA), Carmen Gomar San-
cho (anesthesiologist, Spain), Constantino Tormo Caland-
ín (intensive care, Spain), Cristina García de Leonardo 
(neurophysiologist, Spain), Diana Monge Martín ( Preven-
tive medicine, Spain), Diego José Palacios Castañeda (in-
tensive care, Spain), Emilio Cervera Barba (family doc-
tor, Spain), Fernando Caballero Martínez (family doctor, 
Spain), Fernando Javier Torres Jaramillo (surgeon, Ecua-
dor), Francisco Javier Escobar Cantero (emergency phy-
sician, Paraguay), Francisco-Javier Ruiz Lorenzo (inten-
sive care, Spain), Irving Omar Sánchez Herrera (emergen-
cy physician, México) Jesús Daniel López Tapia (emergen-
cy physician, México) Joseba González García (anesthe-
siologist, Spain), Juan Cendan (surgeon, USA), Juan José 
Vázquez Estévez (paediatric surgeon, Spain), Manuel José 
Párraga Ramírez (intensive care, Spain), Marcos Expósi-
to Rodríguez (emergency physician, Spain), María Ale-
jandra Casen (endocrinologist, Argentina), María Cristi-
na Rodríguez Díez (family doctor, Spain), Maria de Gra-
cia Adánez Martínez (emergency physician, Spain), María 
H Velázquez (family doctor, USA), Norberto Omar Ba-
rumgartner (Cardiologist Argentina), Pablo Arellano Graell 
(surgeon, Chile), Roger Ruiz Moral (family doctor, Spain), 
Sophia Denizón Arranz (family doctor, Spain), Salvador 
Espinosa Ramirez (emergency physician, Spain).

Authors’ Contribution
Salvador Espinosa-Ramirez: conception and design of the 
study, acquisition, analysis and interpretation of data, writ-

ing the article, literature review, validation and final ap-
proval of the version of the article to be published. Diana 
Monge-Martín: design of the study, acquisition, analysis 
and interpretation of data, writing the article, validation and 
final approval of the version of the article to be published. 
Sophia Denizón-Arranz: analysis and interpretation of data, 
writing the article. Emilio Cervera-Barba: analysis and in-
terpretation of data, writing the article. Alonso Mateos-Ro-
driguez: analysis and interpretation of data, writing the arti-
cle. Fernando Caballero-Martínez: design of the study, writ-
ing the article, writing the article, validation and final ap-
proval of the version of the article to be published.

ORCID ID
Salvador Espinosa-Ramirez: 0000-0002-2809-4227; Di-
ana Monge-Martín: 0000-0002-3593-1820; Sophia Den-
izón-Arranz: 0000-0002-3949-6280; Emilio Cervera-Bar-
ba: 0000-0001-7117-8314; Alonso Mateos-Rodriguez: 
0000-0001-8281-9308; Fernando Caballero-Martínez: 
0000-0001-7873-2824.

References

  1)	 Cumming A, Ross M. The Tuning Project for Med-
icine--learning outcomes for undergraduate med-
ical education in Europe. Med Teach 2007; 29: 
636-641.

  2)	 Bologna working group on qualifications frame-
work: Report on a framework for qualifications 
of the European Higher Education Area. Luxem-
bourg: Publications Office of the European Union 
December, 2004. Luxembourg.

  3)	 Ministry of the Presidency. Government of Spain: 
Royal Decree 183/2008, of February 8, 2008, by 
which the specialties in Health Sciences are de-
termined and classified and certain aspects of the 
specialized health training system are developed. 
BOE-A 2008; 10020-10035. Available at: https://
www.boe.es/eli/es/rd/2008/02/08/183 

  4)	 Gaba DM. The future vision of simulation in 
health care. Qual Saf Health Care 2004; 13 Sup-
pl 1: i2-10.

  5)	 Ziv A, Wolpe PR, Small SD, Glick S. Simula-
tion-based medical education: an ethical impera-
tive. Acad Med 2003; 78: 783-788.

  6)	 Ziv A, Ben-David S, Ziv M. Simulation based 
medical education: an opportunity to learn from 
errors. Med Teach 2005; 27: 193-199.

  7)	 Steadman RH, Coates WC, Huang YM, Mate-
vosian R, Larmon BR, McCullough L, Ariel D. 
Simulation-based training is superior to prob-
lem-based learning for the acquisition of critical 
assessment and management skills. Crit Care 
Med 2006; 34: 151-157.

  8)	 Reinemann J, LaBell K, Bellew C, Asmar AR, 
Cendan J, Harris DM. Integration and Improve-
ment of Teamwork Skills in First Year Medical 
Students by Using Physiology-Based High Fidel-
ity Patient Simulations. Med Sci Edu 2015; 25: 
503-512.



S. Espinosa-Ramírez, D. Monge-Martín, S. Denizón-Arranz, et al.

4572

  9)	 García-Puig J, Vara-Pinedo F, Vargas-Núñez 
JA. Implantación del Examen Clínico Objetivo 
y Estructurado en la Facultad de Medicina de 
la Universidad Autónoma de Madrid. Edu Med 
2018; 19: 178-187.

10)	 Lobato RD, Lagares A, López-Medrano F, Villena V, 
Fernández A, Martínez-López J, Rubio G, Munárriz 
PM, Alen JF. Examen clínico objetivo y estructura-
do formativo tras inmersión clínica precoz emplean-
do estudiantes de sexto curso como observadores 
y administradores de retroalimentación. FEM: Rev 
Fund Edu Med 2014; 17: 179-186.

11)	 Prados F. Parallels and convergences between the 
Ibero-American community of nations and the com-
munity of Portuguese-speaking countries: is there a 
multinational space of Iberian language countries? : 
Complutense University of Madrid; 2013.

12)	 Brown RA, Crookes PA. What level of competency 
do experienced nurses expect from a newly grad-
uated registered nurse? Results of an Australian 
modified Delphi study. BMC Nurs 2016; 15: 45.

13)	 Caballero F. Improving an expert consensus 
method to reduce variability in clinical practice: 
applicability and performance of an adaptation 
of the modified Delphi method as an expert con-
sensus tool for developing recommendations in 
situations of clinical uncertainty. Available at: 
https://repositorio.uam.es/handle/10486/662738 
Autónoma University of Madrid 2014.

14)	 Zhang H, Wong EL, Yeoh EK, Ma BH. Develop-
ment of an explicit tool assessing potentially inap-
propriate medication use in Hong Kong elder pa-
tients. BMC Geriatr 2021; 21: 98.

15)	 BOE. Order E. 332/2008, of February 13, 2008, 
establishing the requirements for the verifica-
tion of official university degrees that enable the 
practice of the medical profession. BOE 2008; 
40: 8351-8355.  https://www.boe.es/buscar/doc.
php?id=BOE-A-2008-2674 BOE; 2008.

16)	 ANECA. White Paper. Medical Degree. Degree in 
medicine Spain, National Conference of Deans 
of Spanish Medical Schools. In: Accreditation 
NAfQAa, editor. Granada2006.

17)	 Keeney S, Hasson F, McKenna HP. A critical re-
view of the Delphi technique as a research meth-
odology for nursing. Int J Nurs Stud 2001; 38: 
195-200.

18)	 Kennedy HP. Enhancing Delphi research: meth-
ods and results. J Adv Nurs 2004; 45: 504-511.

19)	 Price B. Delphi survey research and older people. 
Nurs Older People 2005; 17: 25-31; quiz 32.

20)	 Etikan I, Alkassim R, Abubakar S. Comparision of 
snowball sampling and sequential sampling tech-
nique. Biom Biostat Int J 2016; 3: 6-7.

21)	 Brook RH, Chassin MR, Fink A, Solomon DH, Ko-
secoff J, Park RE. A method for the detailed as-
sessment of the appropriateness of medical tech-
nologies. Int J Technol Assess Health Care 1986; 
2: 53-63.

22)	 Fitch K, Bernstein SJ, Aguilar MD, Burnand B, La-
Calle JR, Lazaro P, van het Loo M, McDonnell J, 

Vader J, Kahan JP. The RAND/UCLA Appropri-
ateness Method User’s Manual. Santa Monica, 
CA: RAND Corporation; 2001.

23)	 Fernández I. NTP 15: Attitudes measures with 
a Likert scale. Available at:  https://cso.go.cr/
legislacion/notas_tecnicas_preventivas_insht/
NTP%20015%20-%20Construccion%20de%20
una%20escala%20de%20actitudes%20tipo%20
Likert.pdf: Ministry of labor and social affairs 
Spain Web site; 1982.

24)	 Alonso-Sáez I, Arandia-Loroño M. 15 años desde 
la Declaración de Bolonia. Desarrollo, situación 
actual y retos del Espacio Europeo de Educación 
Superior. Rev Am Edu Sup 2017; 8: 199-213.

25)	 Miller GE. The assessment of clinical skills/compe-
tence/performance. Acad Med 1990; 65: S63-67.

26)	 Guinez-Molinos S, Maragano Lizama P, Go-
mar-Sancho C. [Collaborative clinical simulation 
to train medical students]. Rev Med Chil 2018; 
146: 643-652.

27)	 Baños J-E, Pérez J. Cómo fomentar las compe-
tencias transversales en los estudios de Ciencias 
de la Salud: una propuesta de actividades. Edu 
Med 2005; 8: 40-49.

28)	 Argullós JLP, Sancho CG. The use of simulations 
in medical education. TESI 2010; 11: 147-169.

29)	 Riancho J, Maestre JM, Moral Id, Riancho JA. 
Simulación clínica de alto realismo: una experi-
encia en el pregrado. Edu Med 2012; 15: 109-115.

30)	 Palés JL. Planificar un currículum o un programa 
formativo. Edu Med 2006; 9: 59-65.

31)	 Smith SR, Fuller BK, Dollase RH. An education-
al blue-print for the Brown University School of 
Medicine: competency-based curriculum. 3rd ed: 
Brown University School of Medicine; 1997.

32)	 Anvik T, Grimstad H, Baerheim A, Bernt Fasmer 
O, Gude T, Hjortdahl P, Holen A, Risberg T, Va-
glum P. Medical students’ cognitive and affective 
attitudes towards learning and using communi-
cation skills--a nationwide cross-sectional study. 
Med Teach 2008; 30: 272-279.

33)	 Caballero Martínez F. La simulación: el entorno 
clínico virtual. Edu Med 2017; 18: 12-19.

34)	 Bloom S. Taxonomy of Educational Objectives. 
Book I Cognitive Domain: Longman; 1971.

35)	 Amerjee A, Akhtar M, Ahmed I, Irfan S. Hybrid sim-
ulation training: An effective teaching and learning 
modality for intrauterine contraceptive device inser-
tion. Educ Health (Abingdon) 2018; 31: 119-124.

36)	 Gorman L, Castiglioni A, Hernandez C, Asmar A, 
Cendan J, Harris D. Using preclinical high-fidel-
ity medical simulations to integrate pharmacolo-
gy and physiology with clinical sciences. Med Sci 
Edu 2015; 25: 521-532.

37)	 Kodikara KG, Karunaratne WCD, Chandratilake 
MN. High fidelity simulation in undergraduate med-
ical curricula: experience of fourth year medical 
students. South-East Asian J Med Edu 2020; 13.

38)	 Global minimum essential requirements in medi-
cal education. Med Teach 2002; 24: 130-135.



Ibero-American consensus on learning outcomes through clinical simulation

4573

39)	 Schwarz MR, Wojtczak A. Global minimum es-
sential requirements: a road towards compe-
tence-oriented medical education. Med Teach 
2002; 24: 125-129.

40)	 Lee IR, Kim HW, Lee Y, Koyanagi A, Jacob L, An 
S, Shin JI, Smith L. Changes in undergraduate 
medical education due to COVID-19: a systemat-
ic review. Eur Rev Med Pharmacol Sci 2021; 25: 
4426-4434.

41)	 Ortiz-Arévalo M, Campusano-Schialer T, Tolo-
sa-Villarreal A, Marco A, Armijo-Rivera S, Di-
az-Schmidt J. Telesimulation and teledebriefing 
to promote clinical reasoning in undergraduate 
medical students. Educ Med 2021; 22: 283-286.

42)	 Ray JM, Wong AH, Yang TJ, Buck S, Joseph M, 
Bonz JW, Auerbach MA, Couturier K, Tomassoni 
AJ, Schwartz ML, Evans LV. Virtual Telesimula-
tion for Medical Students During the COVID-19 
Pandemic. Acad Med 2021; 96: 1431-1435.

43)	 Flexner A. Medical education in the United States 
and Canada. From the Carnegie Foundation for 
the Advancement of Teaching, Bulletin Number 
Four, 1910. Bull WHO 2002; 80: 594-602.

44)	 Hutchings A, Raine R. A systematic review of fac-
tors affecting the judgments produced by formal 
consensus development methods in health care. 
J Health Serv Res Policy 2006; 11: 172-179.

45)	 Reguant M, Torrado M. El método delphi. The 
Delphi method. REIRE 2016; 9.

46)	 Sossa JWZ, Hincapié JMM, Jaramillo IDT, Vil-
lada HS. Delphi Method - Proposal to calculate 
the number of experts in a Delphi study on bio-

degradable packaging to 2032. ESPACIOS 2014; 
35.

47)	 Murphy MK, Black NA, Lamping DL, McKee 
CM, Sanderson CFB, Askham JU, Marteau T. 
Consensus development methods, and their 
use in clinical guideline development HTA 1998; 
2: 9-17.

48)	 Thompson SK. Adaptive sampling in behavioral 
surveys. NIDA Res Monogr 1997; 167: 296-319.

49)	 Garcia de Leonardo C, Ruiz-Moral R, Caballero 
F, Cavaco A, Moore P, Dupuy LP, Pithon-Cyrino 
A, Cortes MT, Gorostegui M, Loureiro E, Fontcu-
berta JM, Casasbuenas Duarte L, Kretzer L, Ar-
righi E, Jovell A, participants in the Consensus 
P. A Latin American, Portuguese and Spanish 
consensus on a core communication curriculum 
for undergraduate medical education. BMC Med 
Educ 2016; 16: 99.

50)	 Adam S. Using learning outcomes. A consider-
ation of the nature, role, application and implica-
tions for European education of employing ‘learn-
ing outcomes’ at the local, national and interna-
tional levels. Available at: http://aic.lv/bolona/Bo-
logna/Bol_semin/Edinburgh/S_Adam_Bacgre-
rep_presentation.pdf United Kingdom Bologna 
Seminar. Edinburgh, Scotland 2004.

51)	 The European Higher Education Area in 2020: 
Bologna Process. Implementation Report. Lux-
embourg: Publications Office of the European 
Union, 2020. Available at: https://eacea.ec.eu-
ropa.eu/national-policies/eurydice/content/euro-
pean-higher-education-area-2020-bologna-pro-
cess-implementation-report_en.


