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Abstract

Background

Physician professionalism, including anaesthesiologists and intensive care doctors, should

be continuously assessed during training and subsequent clinical practice. Multi-source

feedback (MSF) is an assessment system in which healthcare professionals are assessed

on several constructs (e.g., communication, professionalism, etc.) by multiple people (medi-

cal colleagues, coworkers, patients, self) in their sphere of influence. MSF has gained wide-

spread acceptance for both formative and summative assessment of professionalism for

reflecting on how to improve clinical practice.

Methods

Instrument development and psychometric analysis (feasibility, reliability, construct validity

via exploratory factor analysis) for MSF questionnaires in a postgraduate specialty training

in Anaesthesiology and intensive care in Italy. Sixty-four residents at the Università del Pie-

monte Orientale (Italy) Anesthesiology Residency Program. Main outcomes assessed

were: development and psychometric testing of 4 questionnaires: self, medical colleague,

coworker and patient assessment.

Results

Overall 605 medical colleague questionnaires (mean of 9.3 ±1.9) and 543 coworker surveys

(mean 8.4 ±1.4) were collected providing high mean ratings for all items (> 4.0 /5.0). The

self-assessment item mean score ranged from 3.1 to 4.3. Patient questionnaires (n = 308)

were returned from 31 residents (40%; mean 9.9 ± 6.2). Three items had high percentages
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of “unable to assess” (> 15%) in coworker questionnaires. Factor analyses resulted in a two-

factor solution: clinical management with leadership and accountability accounting for at

least 75% of the total variance for the medical colleague and coworker’s survey with high

internal consistency reliability (Cronbach’s α > 0.9). Patient’s questionnaires had a low

return rate, a limited exploratory analysis was performed.

Conclusions

We provide a feasible and reliable Italian language MSF instrument with evidence of con-

struct validity for the self, coworkers and medical colleague. Patient feedback was difficult to

collect in our setting.

Background

Evaluation and upkeep of doctor’s professional fitness is relevant to colleges, licensing authori-

ties, patients, co-workers and the public. The idea of medical competence, and its assessment,

has significantly shifted from the simple ability of performing medical interventions into the

broader concept of overall physician performance including interpersonal skills and profes-

sionalism. Multisource feedback (MSF), also known as “360-degree assessment” is a tool for

assessing professional fitness, manners and attitudes in the workplace [1].

MSF has been used in many countries such as Canada, the United Kingdom, the United

States, Netherlands and others to assess aspects of physician professionalism, communications,

medical expertise, collegiality, health advocacy and systems-based practice [2]. In a recent sys-

tematic review of physician performance assessment with MSF, the majority of the studies pro-

vided evidence of the construct validity of the MSF instruments as well as evidence of

reliability and generalizability [2].

In Italy, post-graduate medical education takes place in healthcare facilities of the National

Health System (NHS) but is provided by universities through residency programs, under the

supervision of the University and Research Ministry (MIUR). After a revision for all post-grad-

uate core curricula, MIUR and Health Ministry have recently established a new accreditation

system for the residency programs, which imposes the adoption of a quality management sys-

tem to register the educational and training activities dedicated to the residents and to assess

and certify knowledge, skills, and attitudes achieved by every single resident at the end of the

program [3]. The training in Anesthesiology and Intensive Care Medicine are brought

together in a combined program which follows either the national rules and regulations and

the comprehensive guidelines on the minimum European Training Requirement (ETR) pub-

lished by the European Board of Anaesthesiology (EBA), and the European Board of Intensive

Care Medicine, both members of the European Union Medical Specialties (UEMS) [4–6].

Both of them also recommend the need for specific training and assessment regarding profes-

sionalism in the field of Anesthesiology and Intensive Care Medicine.

There are many definitions of professionalism. The Association of American Medical Col-

leges states that physicians must be altruistic, knowledgeable, skillful and dutiful—all attributes

of professionalism [7]. Teaching and assessing professionalism is today more important than

ever both because it is prescribed by regulation, and because patients, co-workers and the pub-

lic expect physicians to be professional. Medical societies also expect professionalism to be

taught and assessed. Moreover, professionalism is associated with improved medical outcomes

and literature suggests that unprofessional behaviors can be associated with medical errors

and adverse outcomes [8, 9].

PLOS ONE Anaesthesiology Italian language multisource feedback system

PLOS ONE | https://doi.org/10.1371/journal.pone.0250404 April 23, 2021 2 / 14

https://doi.org/10.1371/journal.pone.0250404


Competencies such as professionalism, should be acquired within defined time-frames and

learning objectives should be continuously assessed during training. The assessment of profes-

sionalism in medicine is important but challenging. Historically, assessments have been

implicit, unstandardized, and based on holistic or subjective judgments (the apprenticeship

model) [10]. Although many forms of assessment can be used to show a doctor’s knowledge or

competence, there is not much evidence that competence is systematically related to perfor-

mance in clinical practice [11].

Recent reforms in postgraduate medical education [12] have brought new systems for the

assessment of competence and performance. Workplace-based assessment is one of these sys-

tems. Workplace-based assessment refers to “the assessment of day-to-day practices under-

taken in the working environment” [13]—or, more simply, is an “assessment of what doctors

actually do in practice.” One major advantage of workplace-based assessment is its ability to

evaluate performance in context [14]. Multi-source feedback (MSF) systems contain tools

commonly used in workplace-based assessment, particularly suitable for assessing profession-

alism, and can be used for both developmental and appraisal purposes as well as to facilitate

change for both the professional and the organization.

In MSF physicians complete a self-assessment questionnaire and receive feedback from a

number of medical colleagues (both supervisors and peers), non-physician coworkers (e.g.,

nurses, physiotherapists, pharmacists, etc.), as well as their own patients on a number of items

relevant to the explored topic. Subsequently, the physician receives aggregate anonymous feed-

back about performance [15, 16]. Different respondents focus on characteristics of the physi-

cian that they can assess (e.g., patients are not expected to assess a physician’s clinical

expertise) and together provide a more comprehensive evaluation than what could be derived

by any one source alone [17]. Previous studies suggest that patient’s feedback is important, as

it allows to assess doctors’ communication skills, which involve a combination of conscious

and unconscious processes and responses [18], and their ability to inspire trust and to make

the patient feel involved in the decision- making about their treatment [19, 20].

MSF originated from work in business [21]. Their use in medical education has been exten-

sively reviewed by Donnon et al. [2] and they have already been successfully applied in a series

of medical specialties. Completion of several MSF assessments is now a requirement for physi-

cians in the UK [22] and in general they have widespread acceptance in the United States, Can-

ada, United Kingdom and the Netherlands for evaluation of professionals, where they are seen

as a catalyst for the practitioner to reflect on where change may be required [23–29]. Although

Italy is recently witnessing a strong movement toward a competency-based education at the

postgraduate level, highlighting the need for reliable assessment methods and instruments to

verify the achievement of certain level of competencies, only a few initiatives incorporate MSF

in the formal assessment strategy [30]. To our knowledge, no such assessment system is avail-

able in the Italian language for the practice of anesthesiology.

The main aim of the present study then was to develop a new Italian language multi-source

feedback system for the practice of anesthesiology and intensive care medicine. Accordingly, it

was necessary to perform psychometric analyses (feasibility, reliability, construct validity via

exploratory factor analysis) of MSF instruments developed for this purpose.

Methods

Participants

All active residents (n = 70) in the program at the Università del Piemonte Orientale, Novara,

Italy Anesthesiology Residency Program during the academic year 2017/2018 were invited to
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participate in the study which lasted between March 2019 and September 2019. A total of 64

(91.4%) participated in the study.

Procedures

Questionnaire development. A working group composed of four content experts (faculty

from the school of anesthesiology) and three methodologists (a medical educational expert

and two statisticians) was tasked to review previously published instruments and other tools

currently used by other anesthesiology societies in the world. Taking inspiration from the

instruments designed by Lockyer et al. [23], which had been found to be reliable and valid, the

group developed a set of instruments for Italian anesthesiologist residents with the aim of

adapting the items from this instrument to the local anesthesiology training programs based

on the characteristics’ framework used by Yamamoto et al. [31]. The final agreement of the

experts on the selected items provided the initial content validity for the tool following Wood

et al. [32] on MSF development and implementation.

Based on the experts’ responses and comments, questions were revised and modified and

finalized into the four typical components of multi-source feedback: medical colleague, non-

medical coworker, self-assessment and patient questionnaires. The instrument for medical col-

league and coworker consisted of 17 items, with a 5-point rating scale (1 = poor to 5 = excel-

lent). The self-assessment questionnaire was identical to the medical colleague and coworker

questionnaire, but items were written in the first person. The patient questionnaire consisted

of 12 items on a five-point rating scale ranging from 1 = strongly disagree to 5 = strongly

agree. The possibility of answering “unable to assess” for each question was available through-

out. Questionnaires are provided as online supplemental data files.

Questionnaire testing. Medical colleague, non-medical coworker and self-question-

naires were loaded onto an online survey platform. Each study participant received the

invite for the self-questionnaire in his academic inbox. After answering the self-assessment,

links for the medical colleague and non-medical coworker questionnaires were sent out

individually to the residents. Participants were requested to complete a minimum of 8

medical colleague (including both supervisors and peers) questionnaires and 8 non-medi-

cal coworker questionnaires. This was based on a previous review that suggested that a

minimum of 8 medical colleagues and 8 coworkers’ responses are needed to achieve ade-

quate reliability and generalizability. The same data suggests optimal reliability from the

patients’ questionnaire with 25 forms per participant [2]. The number of patients’ ques-

tionnaires asked to be collected was reviewed and was reduced from 25 to 12 to improve

the feasibility of maximizing the number of questionnaires per resident, following feedback

that the overall participants perception was that the patient’s questionnaire would be diffi-

cult to obtain. Questionnaires did not ask for personal identifiers of the evaluators. Previ-

ous works had established that raters chosen by people being assessed do not provide

significantly different evaluations than those selected by a third party [33]. Furthermore,

studies examining how well the assessor and assessed physician know one another show

that “familiarity” contributes very little to the variance in ratings [24, 34].

Feedback. Feedback was generated for each trainee to provide evidence for the in-training

assessment process and to support personal development planning. It was explained that

forms would be anonymously merged before being returned to individual residents, and that

results would not be included, at this stage, in residents’ portfolios.

Data analyses. Descriptive statistics (mean, standard deviation or median and quartiles)

were used to summarize scores of the items and scales. Response rates for each question for

each instrument were measured to determine the feasibility of different respondent groups.
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For each item, the mean and standard deviation was computed along with the percentage

of “unable to assess”. Different sources suggest that an item with a rate of unable to answer

response rate above 15% or 20% might suggest the need for reassessment or cancellation of the

question [23]. In this study we used 15% as the cut-off value. Score profiles for each of the

items (i.e., mean and standard deviation) on the surveys are presented for every questionnaire.

Exploratory factor analysis was employed to identify factors and number of factors for each

instrument: A Pearson’s correlation matrix was decomposed into principal axis retaining fac-

tors with eigenvalues�1. Promax rotation retaining loadings of absolute value�0.32 was used

to identify a simple component structure [35].

Internal consistency reliability, Cronbach’s h coefficient, for each of the factors for each of

the instruments was calculated. This provided an indication of whether factors have overall

cohesiveness. This analysis was followed by a generalizability analysis to determine the gener-

alizability coefficient (Ep2) to ensure there were sufficient numbers of items and raters to pro-

vide stable data for individual anesthesiologists on every instrument. An Ep2�0.70 indicates

adequate generalizability.

Statistical significance was set at p<0.05. The statistical analysis was performed using R ver-

sion 3.6.1 [36].

Ethics

Ethical approval for this study (prot. 152/CE, studio 30/19) was provided by the Ethical Com-

mittee Comitato Etico Interaziendale A.O.U. “Maggiore della Carità”, ASL BI, ASL NO, ASL

VCO, Novara, Italy (Chairperson Prof Pier Davide Guenzi) on 04 March 2019. Each partici-

pant provided written informed consent. Data was anonymized and identified by means of

random identifiers, it did not contain any participant characteristics except for post-graduate

year in the self-assessment. In addition, the study was conducted in accordance with the guide-

lines stated in the Standards for Quality Improvement Reporting Excellence (SQUIRE) [37].

Results

Sixty-four residents provided a self-assessment questionnaire. For all of them (100%) the mini-

mum required amount of medical and non-medical feedback questionnaires was returned

resulting in 605 medical colleague questionnaires (mean of 9.3 ±1.9 per participant) and 543

coworker surveys (mean 8.4 ±1.4 per participant) were collected. Only 308 (40% of expected)

patient questionnaires were returned from 31 residents (mean 9.9±6.2).

The majority of items on the questionnaires could be answered by respondents. Regarding

the self-questionnaire, the “unable to assess” category ranged from 0.00% to 3.08%. The ques-

tion with the highest percentage of “unable to assess” was "ability to multitask and work effec-

tively in a complex environment". The “unable to assess” category for questions from the

medical colleague and the coworker questionnaires ranged from 0.17% to 22.06%. Three items

in the non-medical coworker questionnaires resulted in >15% of unable to assess answers.

The three items were: ability in delivering effective handovers (15.14%), ability in providing

honest and constructive feedback (15.33%) and ability to take a leadership role when circum-

stances required (22.06%).

Both the medical and non-medical colleague data indicated that the mean score for all

items was greater than 4.0 out of 5. The self-assessment scores the participants provided were

lower on all items when compared to the same questions answered by medical colleagues and

non-medical co-workers, with means ranging from 3.1 for the item on being able to step up as

a leader when deemed necessary to 4.30 for respecting the rights and privacy of patients.

PLOS ONE Anaesthesiology Italian language multisource feedback system

PLOS ONE | https://doi.org/10.1371/journal.pone.0250404 April 23, 2021 5 / 14

https://doi.org/10.1371/journal.pone.0250404


Factor analysis

Two factors emerged from the factor analysis for the three instruments. The items aligned into

two broad domains (factors): clinical management with leadership and accountability. In the

self-questionnaire the two factors explain 42.2% of the total variance and the two dimensions

are moderately correlated (0.46). The Cronbach’s α for the first factor is 0.87, while 0.81 for the

second factor. In the medical colleague and non-physician coworker’s questionnaire the 2-fac-

tor solution explained 75% of the variance. The two dimensions have a high correlation (0.81),

suggesting that a high score in one dimension could be related to a high score in the second

dimension.

The Cronbach α coefficients for the factors for the medical colleague and non-medical col-

league instruments were high, all above 0.90. Generalizability coefficients (Ep2) were respec-

tively 0.98 and 0.94 and 0.97 and 0.92 for the first and second factor of the medical colleague

and non-medical co-workers questionnaire.

Details about questions, response rate, range and unable to assess rate, factor analysis and

Cronbach’s α for the, medical colleague, coworker, self and patient questionnaires are pre-

sented in Tables 1, 2, 3 and 4 respectively. Although the primary aim of this study was the

development and psychometric analyses of an Italian language MSF instrument, it was a good

opportunity to provide individual feedback to participating residents. Fig 1 shows an example

of the graphical feedback provided to each resident, with the plot of their self-assessment com-

pared to their colleagues and co-worker’s assessment and the relative range.

Discussion

In this study we present the development and the performance of an exploratory psychometric

analysis of an Italian language questionnaire-based assessment, which combines feedback

from medical colleagues, coworkers and patients for assessing anesthesiologists. The question-

naire proved to have a good response rate in both the self-assessment and the colleague’s

forms, with most residents taking part in the study, and with all of the study participants meet-

ing the expected questionnaire return rate except for the patients’ feedback questionnaire. The

response rates obtained in this study are consistent with response rates for other groups of

physicians who have been studied [23, 24].

Self, medical colleague and non-medical coworker assessment

The majority of items could be responded to by the anesthesiologist’s assessors, with some

items which proved difficult for respondents to assess. We found a difference in the ability to

answer questions between non-medical coworkers and medical colleagues. Consistent with

other MSF studies [23], it may be that some co-workers might not have the occasion to observe

residents during a specific behaviors or action. Alternatively, non-medical assessors in this set-

ting might not be appropriately trained to identify specific non-clinical characteristics of doc-

tors, or even might not consider as part of their role as co-worker the assessment of medical

colleagues on their professionalism and humanistic characteristics.

Assessing the ability to accept leadership when needed was the most difficult item to assess

for nonmedical coworkers. Leadership is a well-recognized part of anesthesiology practice

[38]; however, in Italy, often trainees are not exposed to formal leadership training during

their anesthesia residency, nor are other allied healthcare professionals during their primary

training [39]. A recent review on clinical leadership could not find any study from Italy [40].

In addition, while a general consensus emerges about the ends of soft skills in clinical leader-

ship, in Italy leadership in medicine generally seems still to be equated to technical skills [41].

When implementing a feedback system, it is important to assess the capability of the assessor
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Table 1. Details about questions, response rate and unable to assess rate, factor analysis and Cronbach α scores for medical colleagues.

ITEMS N MEAN S.D % U/A FACTOR 1 Management and

Leadership

FACTOR 2

Accountability

A Ability to diagnose patient problems 590 4.3 0.85 0.84% 0.84

B Technical skills (appropriate to grade) 585 4.3 0.85 1.68% 0.96

C Ability to assess risks and benefits of treatments 587 4.3 0.82 1.34% 0.80

D Responds to pain and distress in patients appropriately 581 4.4 0.77 2.35% 0.47 0.40

E Communicates effectively with patients 574 4.4 0.76 3.53% 0.50

F Communicates effectively with other health professionals 592 4.3 0.92 0.50% 0.69

G Ability to provide safe and effective handovers 579 4.4 0.89 2.69% 0.63

H Honest and objective when providing feedback 582 4.3 0.92 2.18% 0.52 0.40

I Respects patients and their privacy 593 4.7 0.59 0.34% 0.55

J Seeks help appropriately 580 4.4 0.82 2.52% 0.90

K Awareness of their own limitations 570 4.3 0.95 4.20% 1.00

L Accepts responsibility for own professional actions 582 4.4 0.85 2.18% 0.80

M Reliability 594 4.4 0.93 0.17% 0.49 0.48

N Ability to multitask and work effectively in a complex

environment

589 4.2 0.98 1.01% 0.78

O Ability to manage time effectively / prioritise 580 4.2 0.92 2.52% 0.90

P Ability to use resources appropriately 576 4.3 0.83 3.19% 0.85

Q Ability to take leadership role when circumstances required 557 4.1 1.06 6.39% 0.90

Cronbach α 0.97 0.92

n = number of responses, S.D = Standard Deviation, U/A = Unable to assess.

https://doi.org/10.1371/journal.pone.0250404.t001

Table 2. Details about questions, response rate and unable to assess rate, factor analysis and Cronbach α scores for coworkers.

ITEMS N MEAN S.D % U/A FACTOR 1 Management and

Leadership

FACTOR 2

Accountability

A Ability to diagnose patient problems 463 4.4 0.82 13.46% 0.82

B Technical skills (appropriate to grade) 499 4.4 0.79 6.73% 1.07

C Ability to assess risks and benefits of treatments 468 4.3 0.84 12.52% 0.88

D Responds to pain and distress in patients appropriately 478 4.4 0.79 10.65% 0.55 0.34

E Communicates effectively with patients 518 4.5 0.83 3.18% 0.52 0.35

F Communicates effectively with other health professionals 516 4.5 0.86 3.55% 0.44 0.45

G Ability to provide safe and effective handovers 454 4.4 0.79 15.14% 0.60

H Honest and objective when providing feedback 453 4.4 0.90 15.33% 0.62

I Respects patients and their privacy 514 4.6 0.71 3.93% 0.51

J Seeks help appropriately 466 4.4 0.90 12.90% 0.96

K Awareness of their own limitations 459 4.3 0.95 14.21% 0.99

L Accepts responsibility for own professional actions 458 4.5 0.82 14.39% 0.74

M Reliability 513 4.4 0.91 4.11% 0.62

N Ability to multitask and work effectively in a complex

environment

482 4.3 0.88 9.91% 0.54

O Ability to manage time effectively / prioritize 465 4.2 0.90 13.08% 0.66

P Ability to use resources appropriately 470 4.3 0.87 12.15% 0.68

Q Ability to take leadership role when circumstances required 417 4.0 1.06 22.06% 0.77

Cronbach α 0,98 0,95

n = number of responses, S.D = Standard Deviation, U/A = Unable to assess.

https://doi.org/10.1371/journal.pone.0250404.t002
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group to evaluate different aspects of humanistic and professional skills, especially the non-

clinical ones. Previous MSF studies have shown that non-physicians can reliably assess aspects

of humanistic and psychosocial care [42]. It is possible, however, that this was not the case for

some of the assessors in the present study. Given the importance of the topic, the question

should be retained to determine if interprofessional leadership training results in increased

response rates in the future.

Table 3. Details about questions, response rate, and unable to assess rate, factor analysis and Cronbach α scores for self-questionnaire.

ITEMS N MEAN S.D % U/A FACTOR 1 Management and

Leadership

FACTOR 2

Accountability

A Ability to diagnose patient problems 64 3.4 0.61 0.00% 0.75

B Technical skills (appropriate to grade) 63 3.5 0.71 1.54% 0.41

C Ability to assess risks and benefits of treatments 64 3.5 0.66 0.00% 0.54

D Responds to pain and distress in patients appropriately 64 3.3 0.66 0.00% 0.38

E Communicates effectively with patients 64 3.9 0.71 0.00% 0.60

F Communicates effectively with other health professionals 64 3.7 0.67 0.00% 0.48

G Ability to provide safe and effective handovers 64 3.5 0.73 0.00% 0.65

H Honest and objective when providing feedback 64 3.5 0.77 0.00% 0.71

I Respects patients and their privacy 64 4.5 0.81 0.00% 0.76

J Seeks help appropriately 64 4.3 0.83 0.00% 0.80

K Awareness of their own limitations 64 4.4 0.76 0.00% 1.01

L Accepts responsibility for own professional actions 64 4.3 0.78 0.00% 0.46

M Reliability 64 4.1 0.65 0.00% 0.41 0.44

N Ability to multitask and work effectively in a complex

environment

62 3.4 0.59 3.08% 0.54

O Ability to manage time effectively / prioritize 64 3.4 0.67 0.00% 0.69

P Ability to use resources appropriately 63 3.4 0.68 1.54% 0.57

Q Ability to take leadership role when circumstances required 63 3.1 0.82 1.54% 0.71

Cronbach α 0.87 0.81

n = number of responses, S.D = Standard Deviation, U/A = Unable to assess.

https://doi.org/10.1371/journal.pone.0250404.t003

Table 4. Details about questions unable to assess rate, mean and standard deviation for patient questionnaires.

ITEMS N MEAN S.D. % U/A

A Introducing themselves to you 307 4.8 0.50 0,32%

B Being polite 306 5.0 0.24 0,64%

C Putting you at ease 307 4.9 0.28 0,32%

D Being considerate and scrupulous 303 4.9 0.43 1,6%

E Explaining clearly 308 4.9 0.32 0%

F Involving you in the decisions about your anaesthetic/treatment 306 4.9 0.43 0,6%

G Answering your questions 302 4.9 0.34 1,9%

H The Anesthetist seems approachable 301 4.9 0.28 2,2%

I I have confidence in the ability of this anaesthetist to provide safe care 296 4.9 0.32 3,8%

J I was satisfied with the anaesthetist and would be happy to see him/her again 285 4.9 0.34 7,4%

L The anaesthetist treated me with dignity and respect 308 5.0 0.24 0%

M I was given enough privacy by the Anaesthetist 303 5.0 0.23 1,6%

n = number of responses, S.D Standard Deviation, U/A Unable to assess.

https://doi.org/10.1371/journal.pone.0250404.t004
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Residents consistently rated themselves lower than medical colleagues and non-medical co-

workers did on most items. Patients, on the contrary, were the group with the highest rating of

participants. Both these findings are consistent with previous findings from MSF instruments

with many medical specialties [18, 43].

Factor analyses of the medical-colleague and co-worker questionnaires resulted in a two-

factor model, with a very high proportion of variance being represented by the two factors.

The first factor is identified by items related to clinical management with leadership, while the

second factor is identified by items related to accountability. The two factors have a high corre-

lation (0.81), suggesting that a high score in one is related to a high score on the second factor.

These two domains represent the overall construct of professionalism (which includes man-

agement, leadership, accountability, etc.) for which the questionnaire was designed. The two-

factor model with a moderate correlation is confirmed for the self-assessment questionnaire.

This allowed us to prepare and provide feedback reports to participants using the two-factor

model. Grouping items into factors helps in the feedback process as the factors can also be

used to guide physicians to reflect and improve on global areas (i.e. accountability) rather than

on a single item. Three items in the medical colleague, three items in the non-medical

coworker and one item in the self-questionnaire presented cross-loading (items significantly

loading on both factors). There is no unique accepted strategy to deal with these items. We

retained them in the model as we are interested not only in the empirical but also the concep-

tual support of the instrument. For example we feel that exploring whether a doctor receiving

feedback communicates effectively with other healthcare professionals is conceptually relevant;

and others willing to use this instrument should be aware that this item has been explored,

although in its present form it might not effectively inform any of the two factors. One might

Fig 1. An example of the graphical feedback provided to each resident.

https://doi.org/10.1371/journal.pone.0250404.g001
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choose to delete these items or to rephrase and repeat a new exploratory factor analysis. Over-

all, the reliability of the colleagues (medical and non-medical) feedback was highly consistent

with other MSF research. Moreover, large generalizability coefficients (�0.80) with 8-assessors

is in concordance with previously published instruments involving six to eight (or more) asses-

sors. Reliability of self-assessment was high but slightly less than the colleague’s questionnaire.

Patient questionnaire

Most multi-source feedback instruments include a component of patient feedback to the

assessment. Obtaining patient feedback is perceived to be challenging in the field of anesthesi-

ology, due to the often-brief contacts with patients that anesthesiologists might have, or the dif-

ficult or distressing situation patients might often be in when meeting the clinician. Challenges

in collecting patients’ feedback are reported in specialty specific literature which however still

encourages it and recommends it, due to the relevance of patient’s feedback in improving the

anesthesiologists’ knowledge of his/her patient perception [23].

In the present study we could not reach the expected return rate of the patient’s question-

naire from study participants. This was most likely due to both the fact that participants found

it time consuming to collect patient feedback, as well as to the higher number of patient ques-

tionnaires required.

Interestingly, there was a clear difference in patient’s feedback collection styles, those partic-

ipants who provided feedback tended to complete the collection of their questionnaire, versus

those who did not, or who did not provide any questionnaire at all. We think this might be

due not only from the increased workload of collecting the feedback but as well as the motiva-

tion for doing so. Those who reached out to families likely collected all the forms suggesting

that the limiting factor was participants not reaching out to families rather than family declin-

ing participation in completing the feedback form.

It is worth mentioning that this was a study with volunteer participants using their own

time to collect feedback forms. In other systems completing a certain number of MSF is a

requirement for training or revalidation and trainees might feel more motivated (or obliged)

to collect feedback. Another aspect to keep in mind is the great heterogeneity of the services

attended by anesthesiologists: participants could collect feedback in both the outpatient and

inpatient settings. Previous studies found significant differences in response rates between the

two settings, with much higher response rates in the outpatients, due to family accessibility,

logistics and predictability of services [44]. In our study we did not explore if those trainees

rotating in an inpatient facility (intensive care for instance) had more difficulties in collecting

feedback compared to those rotating in the outpatient pre-assessment clinic or pain clinic. We

did not formally explore or collect reasons for participants’ lack of completion of the patient

questionnaire, but we think assessing the acceptability and feasibility of gathering patients’

feedback would be a reasonable subject to explore in a dedicated future study, aiming at

describing individual or system limitations to obtaining this feedback.

Finally, it is worth mentioning that multi-source feedback is just a tool, its effect on per-

sonal development depends on its implementation into a larger framework of post-graduate

medical education. Success will depend on the overall organization attitude towards positive

change. Only a positive and supportive climate from the organization will support a change of

behavior in the assessed professional [32].

It is important as well that feedback collected by means of MSF is given to the assessed doc-

tor in a facilitated fashion, either by an appraiser, mentor, facilitator, or coach. This, as well as

the quality of this facilitation, has been suggested to have a role in the physicians’ acceptance

and subsequent behavioral change by a review of effectiveness of multi-source feedback [45].
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Limitations and strengths

Limitations of the present study include (1) the relatively small sample size of residents

(n = 64) who participated and received feedback; (2) low response rate (40%) of the patient

questionnaire; and (3) only one training site of residents was employed. A further limitation is

the culturally-dependent assumptions on which some of the constructs are based, for instance

the “familiarity" contributing very little to the variance of the ratings reported in cited studies

should be experimentally confirmed as true also in Italy.

Strengths include that a full set of MSF instruments (self, peer, coworker and patient) were

developed and psychometrically analyzed to assess professionalism and other aspects of clini-

cal practice of anaesthesiology and critical care medicine. Future research should focus on

studying the correlations (i.e., criterion-related validity) with other kinds of objective assess-

ments (e.g., performance on objective structured clinical exams–OSCEs), global rating scores,

clinical experience, or other proficiency exams [46]. The present study should be extended and

replicated in other sites of resident training and physician practice.

Conclusions

A full set of MSF instruments (self, peers, coworkers, patient) of this first Italian version for

anesthesiologists is feasible, reliable with evidence of construct validity. Patient feedback was

difficult to obtain. Nonetheless, due to the relevance of patient feedback on individual clinical

practice, the patient instrument should be employed as much as possible.

The implementation of an MSF system for Italian anesthesiologists as for other anesthesiol-

ogists [20, 23], can provide constructive feedback about the relevant domains of clinical prac-

tice, management and professionalism directly from those who interact with the clinician on a

daily basis and have direct observation of these behaviors. Further study is warranted to assess

the external validity of these instruments in evaluating anesthesiologists’ professionalism and

other aspects of clinical practice. It is also our hope that it will prompt a cultural change in pro-

fessionalism and the culture of a competency-oriented 360˚ assessment. While best approaches

to teaching and evaluating professionalism are still debated, assessment and feedback about

professionalism is necessary to change practice and behavior.

Supporting information

S1 File. Self, medical and non-medical coworker questionnaire.

(DOCX)

S2 File. Patient questionnaire.

(DOCX)

Acknowledgments

The authors would like to thank all the faculty, residents, nurses and other co-workers, medical

students and patients in the hospital, without whom we could not have completed this project.

Author Contributions

Conceptualization: Luca Carenzo.

Data curation: Luca Carenzo, Tiziana Cena, Fabio Carfagna, Valentina Rondi.

Formal analysis: Fabio Carfagna.

Investigation: Luca Carenzo, Tiziana Cena, Valentina Rondi, Pier Luigi Ingrassia.

PLOS ONE Anaesthesiology Italian language multisource feedback system

PLOS ONE | https://doi.org/10.1371/journal.pone.0250404 April 23, 2021 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0250404.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0250404.s002
https://doi.org/10.1371/journal.pone.0250404


Methodology: Luca Carenzo.

Supervision: Luca Carenzo, Pier Luigi Ingrassia, Maurizio Cecconi, Claudio Violato, Fran-

cesco Della Corte, Rosanna Vaschetto.

Writing – original draft: Luca Carenzo, Tiziana Cena, Fabio Carfagna.

Writing – review & editing: Luca Carenzo, Tiziana Cena, Valentina Rondi, Pier Luigi Ingras-

sia, Maurizio Cecconi, Claudio Violato, Francesco Della Corte, Rosanna Vaschetto.

References
1. Wisman-Zwarter N, van der Schaaf M, ten Cate O, Jonker G, van Klei W, Hoff R. Transforming the

learning outcomes of anaesthesiology training into entrustable professional activities: A Delphi study.

European Journal of Anaesthesiology. 2016; 33(8):559–567. https://doi.org/10.1097/EJA.

0000000000000474 PMID: 27270884

2. Donnon T, Al Ansari A, Al Alawi S, Violato C. The reliability, validity, and feasibility of multisource feed-

back physician assessment: a systematic review. Acad Med. 2014; 89(3):511–6. https://doi.org/10.

1097/ACM.0000000000000147 PMID: 24448051

3. Mazzucco W, Silenzi A, Gray M, Vettor R. The accreditation system of Italian medical residency pro-

grams: fostering quality and sustainability of the National Health Service. Acta Biomed. 2019; 90(9-

S):15–20. Published 2019 Sep 13. https://doi.org/10.23750/abm.v90i9-S.8696 PMID: 31517885

4. European Training Requirements (ETR) in Anaesthesiology. 17 Jun 2019. Available from: https://www.

uems.eu/__data/assets/pdf_file/0003/64398/UEMS-2018.17-European-Training-Requirements-in-

Anaesthesiology.pdf.

5. Training Requirements for the Core Curriculum of Multidisciplinary Intensive Care Medicine 2014 28

November 2019. Available from: https://www.uems.eu/__data/assets/pdf_file/0004/44437/UEMS-

2014.40-European-Training-Requirements-Intensive-Care-Medicine.pdf.

6. Shorten GD, De Robertis E, Goldik Z, Kietaibl S, Niemi-Murola L, Sabelnikovs O. European Section/

Board of Anaesthesiology/European Society of Anaesthesiology consensus statement on competency-

based education and training in anaesthesiology. Eur J Anaesthesiol. 2020 Jun; 37(6):421–434. https://

doi.org/10.1097/EJA.0000000000001201 PMID: 32205575

7. Medical School Objectives Writing Group. Learning objectives for medical student education-guidelines

for medical schools: Report I of the Medical School Objectives Project. Acad Med 1999; 74(1):13–8.

https://doi.org/10.1097/00001888-199901000-00010 PMID: 9934288

8. Miller A, Archer J. Impact of workplace based assessment on doctors’ education and performance: a

systematic review. BMJ. 2010; 341:c5064. https://doi.org/10.1136/bmj.c5064 PMID: 20870696

9. Mueller PS. Incorporating professionalism into medical education: the Mayo Clinic experience. Keio J

Med. 2009; 58(3):133–43. https://doi.org/10.2302/kjm.58.133 PMID: 19826207

10. Van Der Vleuten CP. The assessment of professional competence: Developments, research and practi-

cal implications. Adv Health Sci Educ Theory Pract. 1996; 1(1):41–67. https://doi.org/10.1007/

BF00596229 PMID: 24178994

11. Rethans JJ, Norcini JJ, Baron-Maldonado M, Blackmore D, Jolly BC, LaDuca T, et al. The relationship

between competence and performance: implications for assessing practice performance. Med Educ.

2002; 36(10):901–9. https://doi.org/10.1046/j.1365-2923.2002.01316.x PMID: 12390456

12. Scheele F, Teunissen P, Van Luijk S, Heineman E, Fluit L, Mulder H, et al. Introducing competency-

based postgraduate medical education in the Netherlands. Med Teach. 2008; 30(3):248–53. https://

doi.org/10.1080/01421590801993022 PMID: 18484450

13. Swanwick T, Chana N. Workplace assessment for licensing in general practice. Br J Gen Pract. 2005;

55(515):461–7. PMID: 15970071

14. Miller GE. The assessment of clinical skills/competence/performance. Acad Med 1990; 65(9 Suppl):

S63–7. https://doi.org/10.1097/00001888-199009000-00045 PMID: 2400509

15. Caretta-Weyer HA, Kraut AS, Kornegay JG, Yarris LM. The View From Over Here: A Framework for

Multi-Source Feedback. J Grad Med Educ. 2017; 9(3):367–8. https://doi.org/10.4300/JGME-D-17-

00200.1 PMID: 28638519

16. Violato C, Marini A, Toews J, Lockyer J, Fidler H. Feasibility and psychometric properties of using

peers, consulting physicians, co-workers, and patients to assess physicians. Acad Med. 1997; 72(10

Suppl 1):S82–4.

PLOS ONE Anaesthesiology Italian language multisource feedback system

PLOS ONE | https://doi.org/10.1371/journal.pone.0250404 April 23, 2021 12 / 14

https://doi.org/10.1097/EJA.0000000000000474
https://doi.org/10.1097/EJA.0000000000000474
http://www.ncbi.nlm.nih.gov/pubmed/27270884
https://doi.org/10.1097/ACM.0000000000000147
https://doi.org/10.1097/ACM.0000000000000147
http://www.ncbi.nlm.nih.gov/pubmed/24448051
https://doi.org/10.23750/abm.v90i9-S.8696
http://www.ncbi.nlm.nih.gov/pubmed/31517885
https://www.uems.eu/__data/assets/pdf_file/0003/64398/UEMS-2018.17-European-Training-Requirements-in-Anaesthesiology.pdf
https://www.uems.eu/__data/assets/pdf_file/0003/64398/UEMS-2018.17-European-Training-Requirements-in-Anaesthesiology.pdf
https://www.uems.eu/__data/assets/pdf_file/0003/64398/UEMS-2018.17-European-Training-Requirements-in-Anaesthesiology.pdf
https://www.uems.eu/__data/assets/pdf_file/0004/44437/UEMS-2014.40-European-Training-Requirements-Intensive-Care-Medicine.pdf
https://www.uems.eu/__data/assets/pdf_file/0004/44437/UEMS-2014.40-European-Training-Requirements-Intensive-Care-Medicine.pdf
https://doi.org/10.1097/EJA.0000000000001201
https://doi.org/10.1097/EJA.0000000000001201
http://www.ncbi.nlm.nih.gov/pubmed/32205575
https://doi.org/10.1097/00001888-199901000-00010
http://www.ncbi.nlm.nih.gov/pubmed/9934288
https://doi.org/10.1136/bmj.c5064
http://www.ncbi.nlm.nih.gov/pubmed/20870696
https://doi.org/10.2302/kjm.58.133
http://www.ncbi.nlm.nih.gov/pubmed/19826207
https://doi.org/10.1007/BF00596229
https://doi.org/10.1007/BF00596229
http://www.ncbi.nlm.nih.gov/pubmed/24178994
https://doi.org/10.1046/j.1365-2923.2002.01316.x
http://www.ncbi.nlm.nih.gov/pubmed/12390456
https://doi.org/10.1080/01421590801993022
https://doi.org/10.1080/01421590801993022
http://www.ncbi.nlm.nih.gov/pubmed/18484450
http://www.ncbi.nlm.nih.gov/pubmed/15970071
https://doi.org/10.1097/00001888-199009000-00045
http://www.ncbi.nlm.nih.gov/pubmed/2400509
https://doi.org/10.4300/JGME-D-17-00200.1
https://doi.org/10.4300/JGME-D-17-00200.1
http://www.ncbi.nlm.nih.gov/pubmed/28638519
https://doi.org/10.1371/journal.pone.0250404


17. Sala F, Dwight SA. Predicting executive performance with multirater surveys: Whom you ask makes a

difference. Consulting Psychology Journal: Practice Research. 2002; 54(3):166.

18. Cyna AM, Andrew MI, Tan SG. Communication skills for the anaesthetist. Anaesthesia. 2009; 64

(6):658–65. https://doi.org/10.1111/j.1365-2044.2009.05887.x PMID: 19453320

19. Flierler WJ, Nubling M, Kasper J, Heidegger T. Implementation of shared decision making in anaesthe-

sia and its influence on patient satisfaction. Anaesthesia. 2013; 68(7):713–22. https://doi.org/10.1111/

anae.12196 PMID: 23656577

20. McGrady E. Patient feedback and anaesthetists: what are patients assessing and why? Anaesthesia.

2013; 68(11):1095–9. https://doi.org/10.1111/anae.12421 PMID: 24102249

21. Bracken DW, Timmreck CW, Fleenor JW, Summers L. 360 feedback from another angle. Human

Resource Management. 2001; 40(1):3–20.

22. Campbell JL, Richards SH, Dickens A, Greco M, Narayanan A, Brearley S. Assessing the professional

performance of UK doctors: an evaluation of the utility of the General Medical Council patient and col-

league questionnaires. Qual Saf Health Care. 2008; 17(3):187–93. https://doi.org/10.1136/qshc.2007.

024679 PMID: 18519625

23. Lockyer JM, Violato C, Fidler H. A multi source feedback program for anesthesiologists. Can J Anaesth.

2006; 53(1):33–9. https://doi.org/10.1007/BF03021525 PMID: 16371607

24. Hall W, Violato C, Lewkonia R, et al. Assessment of physician performance in Alberta: the physician

achievement review. CMAJ. 1999; 161(1):52–7. PMID: 10420867

25. Lockyer JM, Violato C, Fidler H. The assessment of emergency physicians by a regulatory authority.

Acad Emerg Med. 2006; 13(12):1296–303. https://doi.org/10.1197/j.aem.2006.07.030 PMID:

17099191

26. Violato C, Lockyer J, Fidler H. Multisource feedback: a method of assessing surgical practice. BMJ.

2003; 326(7388):546–8. https://doi.org/10.1136/bmj.326.7388.546 PMID: 12623920

27. Violato C, Lockyer JM, Fidler H. Changes in performance: a 5-year longitudinal study of participants in a

multi-source feedback programme. Med Educ. 2008; 42(10):1007–13. https://doi.org/10.1111/j.1365-

2923.2008.03127.x PMID: 18823520

28. Lockyer J. Multisource feedback in the assessment of physician competencies. J Contin Educ Health

Prof. 2003; 23(1):4–12. https://doi.org/10.1002/chp.1340230103 PMID: 12739254

29. Archer JC, Norcini J, Davies HA. Use of SPRAT for peer review of paediatricians in training. BMJ. 2005;

330(7502):1251–3. https://doi.org/10.1136/bmj.38447.610451.8F PMID: 15883137

30. Amore M, Bartalucci G, Lotti A, et al. Towards excellence in post-graduate medical education—General

Module. A pilot project for designing and implementing competency-based curricula in post graduate

medical schools. Genova University Press. 2020 Available at: https://gup.unige.it/sites/gup.unige.it/

files/pagine/Verso_L_eccellenza_Nella_Formaz_Medica_Post-Laurea_01_ebook_indicizzato.pdf

31. Yamamoto S, Tanaka P, Madsen MV, Macario A. Comparing Anesthesiology Residency Training

Structure and Requirements in Seven Different Countries on Three Continents. Cureus. 2017; 9(2):

e1060. Published 2017 Feb 26. https://doi.org/10.7759/cureus.1060 PMID: 28367396

32. Wood L, Hassell A, Whitehouse A, Bullock A, Wall D. A literature review of multi-source feedback sys-

tems within and without health services, leading to 10 tips for their successful design. Med Teach. 2006;

28(7):e185–91. https://doi.org/10.1080/01421590600834286 PMID: 17594544

33. Ramsey PG, Wenrich MD, Carline JD, Inui TS, Larson EB, LoGerfo JP. Use of peer ratings to evaluate

physician performance. JAMA. 1993; 269(13):1655–60. PMID: 8240483

34. RS Blank LL, Leas BF Fortna GS. The value of patient and peer ratings in recertification. Acad Med.

2002; 77(10 Suppl):S64–6. https://doi.org/10.1097/00001888-200210001-00021 PMID: 12377708

35. Brown JD. Choosing the right type of rotation in PCA and EFA. JALT testing evaluation SIG newsletter

2009; 13(3):20–5.

36. R Development Core Team. R: A language and environment for statistical computing. Vienna, Austria:

R Foundation for Statistical Computing; 2010.

37. Ogrinc G, Davies L, Goodman D, Batalden P, Davidoff F, Stevens D. SQUIRE 2.0 (Standards for QUal-

ity Improvement Reporting Excellence): revised publication guidelines from a detailed consensus pro-

cess. BMJ Qual Saf. 2016; 25(12):986–992. https://doi.org/10.1136/bmjqs-2015-004411 PMID:

26369893

38. Scemama PH, Hull JW. Developing leaders in anesthesiology: a practical framework. Anesthesiology.

2012; 117(3):651–6. https://doi.org/10.1097/ALN.0b013e3182632358 PMID: 22790960

39. Ricciardi W., Silenzi A., Parente P., Kheiraoui F., Favaretti C., Educazione alla Leadership in Medicina.

Medicina e Chirurgia. 2016; 71: 3219–3224. https://doi.org/10.4487/medchir2016-71-1

PLOS ONE Anaesthesiology Italian language multisource feedback system

PLOS ONE | https://doi.org/10.1371/journal.pone.0250404 April 23, 2021 13 / 14

https://doi.org/10.1111/j.1365-2044.2009.05887.x
http://www.ncbi.nlm.nih.gov/pubmed/19453320
https://doi.org/10.1111/anae.12196
https://doi.org/10.1111/anae.12196
http://www.ncbi.nlm.nih.gov/pubmed/23656577
https://doi.org/10.1111/anae.12421
http://www.ncbi.nlm.nih.gov/pubmed/24102249
https://doi.org/10.1136/qshc.2007.024679
https://doi.org/10.1136/qshc.2007.024679
http://www.ncbi.nlm.nih.gov/pubmed/18519625
https://doi.org/10.1007/BF03021525
http://www.ncbi.nlm.nih.gov/pubmed/16371607
http://www.ncbi.nlm.nih.gov/pubmed/10420867
https://doi.org/10.1197/j.aem.2006.07.030
http://www.ncbi.nlm.nih.gov/pubmed/17099191
https://doi.org/10.1136/bmj.326.7388.546
http://www.ncbi.nlm.nih.gov/pubmed/12623920
https://doi.org/10.1111/j.1365-2923.2008.03127.x
https://doi.org/10.1111/j.1365-2923.2008.03127.x
http://www.ncbi.nlm.nih.gov/pubmed/18823520
https://doi.org/10.1002/chp.1340230103
http://www.ncbi.nlm.nih.gov/pubmed/12739254
https://doi.org/10.1136/bmj.38447.610451.8F
http://www.ncbi.nlm.nih.gov/pubmed/15883137
https://gup.unige.it/sites/gup.unige.it/files/pagine/Verso_L_eccellenza_Nella_Formaz_Medica_Post-Laurea_01_ebook_indicizzato.pdf
https://gup.unige.it/sites/gup.unige.it/files/pagine/Verso_L_eccellenza_Nella_Formaz_Medica_Post-Laurea_01_ebook_indicizzato.pdf
https://doi.org/10.7759/cureus.1060
http://www.ncbi.nlm.nih.gov/pubmed/28367396
https://doi.org/10.1080/01421590600834286
http://www.ncbi.nlm.nih.gov/pubmed/17594544
http://www.ncbi.nlm.nih.gov/pubmed/8240483
https://doi.org/10.1097/00001888-200210001-00021
http://www.ncbi.nlm.nih.gov/pubmed/12377708
https://doi.org/10.1136/bmjqs-2015-004411
http://www.ncbi.nlm.nih.gov/pubmed/26369893
https://doi.org/10.1097/ALN.0b013e3182632358
http://www.ncbi.nlm.nih.gov/pubmed/22790960
https://doi.org/10.4487/medchir2016-71-1
https://doi.org/10.1371/journal.pone.0250404


40. Mianda S, Voce A. Developing and evaluating clinical leadership interventions for frontline healthcare

providers: a review of the literature. BMC Health Serv Res. 2018; 18(1):747. https://doi.org/10.1186/

s12913-018-3561-4 PMID: 30285742

41. Marturano A. La leadership in medicina: soft skills e valori morali / Leadership in medicine: linking soft

skills to moral values. Medicina E Morale, 2017; 66(5), 633–642. https://doi.org/10.4081/mem.2017.

511

42. Crossley J, Jolly B. Making sense of work-based assessment: ask the right questions, in the right way,

about the right things, of the right people. Med Educ. 2012; 46(1):28–37. https://doi.org/10.1111/j.1365-

2923.2011.04166.x PMID: 22150194

43. Al Ansari A, Donnon T, Al Khalifa K, Darwish A, Violato C. The construct and criterion validity of the

multi-source feedback process to assess physician performance: a meta-analysis. Adv Med Educ

Pract. 2014; 5:39–51. https://doi.org/10.2147/AMEP.S57236 PMID: 24600300

44. Mahoney D, Bogetz A, Hirsch A, Killmond K, Phillips E, Bhavaraju V et al. The Challenges of Multi-

source Feedback: Feasibility and Acceptability of Gathering Patient Feedback for Pediatric Residents.

Acad Pediatr. 2019; 19(5):555–560. https://doi.org/10.1016/j.acap.2018.12.002 PMID: 30576788

45. Stevens S, Read J, Baines R, Chatterjee A, Archer J. Validation of Multisource Feedback in Assessing

Medical Performance: A Systematic Review. J Contin Educ Health Prof. 2018; 38(4):262–8. https://doi.

org/10.1097/CEH.0000000000000219 PMID: 30157152

46. Ferguson J, Wakeling J, Bowie P. Factors influencing the effectiveness of multisource feedback in

improving the professional practice of medical doctors: a systematic review. BMC Med Educ. 2014;

14:76 https://doi.org/10.1186/1472-6920-14-76 PMID: 24725268

PLOS ONE Anaesthesiology Italian language multisource feedback system

PLOS ONE | https://doi.org/10.1371/journal.pone.0250404 April 23, 2021 14 / 14

https://doi.org/10.1186/s12913-018-3561-4
https://doi.org/10.1186/s12913-018-3561-4
http://www.ncbi.nlm.nih.gov/pubmed/30285742
https://doi.org/10.4081/mem.2017.511
https://doi.org/10.4081/mem.2017.511
https://doi.org/10.1111/j.1365-2923.2011.04166.x
https://doi.org/10.1111/j.1365-2923.2011.04166.x
http://www.ncbi.nlm.nih.gov/pubmed/22150194
https://doi.org/10.2147/AMEP.S57236
http://www.ncbi.nlm.nih.gov/pubmed/24600300
https://doi.org/10.1016/j.acap.2018.12.002
http://www.ncbi.nlm.nih.gov/pubmed/30576788
https://doi.org/10.1097/CEH.0000000000000219
https://doi.org/10.1097/CEH.0000000000000219
http://www.ncbi.nlm.nih.gov/pubmed/30157152
https://doi.org/10.1186/1472-6920-14-76
http://www.ncbi.nlm.nih.gov/pubmed/24725268
https://doi.org/10.1371/journal.pone.0250404

