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Abstract

Background: Physicians and physicists are expected to contribute to patient safety and quality improvement (QI) in
Radiation Oncology (RO), but prior studies suggest that training for this may be inadequate. RO and medical
physics (MP) program directors (PDs) were surveyed to better understand the current patient safety/QI training in their
residency programs.

Methods: PDs were surveyed via email in January 2017. Survey questions inquired about current training, curriculum
elements, and barriers to development and/or improvement of safety and QI training.

Results: Eighty-nine RO PDs and 84 MP PDs were surveyed, and 21 RO PDs (28%) and 31 MP PDs (37%)
responded. Both RO and MP PDs had favorable opinions of current safety and QI training, and used a range
of resources for program development, especially safety and QI publications. Various curriculum elements
were reported. Curriculum elements used by RO and MP PDs were similar, except RO were more likely than
MP PDs to implement morbidity and mortality (M&M) conference (72% vs. 45%, p < 0.05). RO and MP PDs
similarly cited various barriers, but RO PDs were more likely to cite lack of experience than MP PDs (40% vs.
16%, p < 0.05). PDs responded similarly independent of whether they reported using a departmental incident
learning system (ILS) or not.

Conclusions: PDs view patient safety/QI as an important part of resident education. Most PDs agreed that
residents are adequately exposed to patient safety/QI and prepared to meet the patient safety/QI expectations of
clinical practice. This conflicts with other independent studies that indicate a majority of residents feel their patient
safety/QI training is inadequate and lacks formal exposure to QI tools.
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Background
Patient safety/quality improvement (QI) is recognized as
an essential part of radiation oncology (RO) practice.
Physicians and physicists are expected to contribute to
patient safety/QI [1], and will be responsible for ensur-
ing the safety of increasingly sophisticated and complex
treatments [2] delivered in an environment where

quality indicators impact reimbursement [3]. The Ac-
creditation Council for Graduate Medical Education
(ACGME) has identified core learning objectives focused
on patient safety/QI for inclusion in RO resident train-
ing [4]. It is therefore surprising that only a minority of
RO and medical physics (MP) residents reported that
their training in patient safety/QI concepts is adequate
[5]. Most are unfamiliar with important concepts such
as root cause analysis (RCA) [6] and are unsatisfied with
their patient safety/QI training [7].
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Unfortunately, the process and challenges associated
with creating and improving resident safety and QI train-
ing remain elusive in RO. This study conducted a national
survey of PDs of RO and MP residency programs to better
understand the current training, curriculum elements,
and barriers to development of patient safety/QI training.

Methods
PDs of RO residency programs accredited by the
ACGME and therapeutic MP programs accredited by
the Commission on Accreditation of Medical Physics
Education Programs were identified. The survey was dis-
tributed via email using REDCap electronic data capture

Fig. 1 a-d. Depicts PD opinions regarding residents and their patient safety and QI training. MP PDs (white) more commonly agreed with
all statements than RO PDs (black), but only the difference in responses for about residents’ enthusiasm (b) reached significance (p= 0.03). RO = Radiation
Oncology, MP =Medical Physics, PD = Program Director, QI = Quality Improvement
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tools hosted at our institution [8]. Responses were an-
onymous. The study was deemed exempt from review
by the local Institutional Review Board.
The survey included questions assessing demographics,

state of current safety/QI training, resources used in devel-
opment and/or improvement of training, curriculum ele-
ments used, and how PDs perceived and assessed the
effectiveness of training. The survey was developed by the
authors and pilot tested within an academic RO department
prior to release (see Additional file 1: for complete survey).
Responses to questions that used the Likert scale were

collapsed to a three-point scale for analysis (i.e. “strongly
disagree”/“disagree” and “agree”/“strongly agree” com-
bined). Previous research suggests that resident safety
and QI training experience may be related to the pres-
ence of departmental RO incident learning system (ILS)
[5], so responses were compared for participants that re-
ported having a departmental lLS versus those that did
not. The differences were tested for statistical signifi-
cance in Microsoft Excel (v14.6.5) using chi-square tests
for Likert scale questions and unpaired t-tests otherwise.
P < 0.05 was considered significant.

Results
Participant characteristics
Eighty-nine RO PDs and 84 MP PDs were surveyed, and
21 RO PDs (28%) and 31 MP PDs (37%) responded. Three
responses were excluded for failure to identify whether
they were RO or MP PDs. RO programs ranged in size
from 10 or less residents (N = 18), 11–16 residents (N = 6),
and more than 16 residents (N = 1). MP programs had 2
or less (N = 16) or more than 2 residents (N = 14). Most

participants (61%) reported that their department is using
a RO specific ILS and 58% reported that faculty in their
departments present or publish patient safety/QI research.

RO and MP PD’s opinions of patient safety/QI training
PD opinions of resident safety and QI training are shown
in Fig. 1a-d. The vast majority of RO and MP PDs (88%
vs. 94%) reported that patient safety and QI are an import-
ant part of resident education. MP PDs were more likely
than RO PDs to agree that residents in their program were
enthusiastic about safety training (77% vs. 48%, Fig. 1b).
Otherwise, MP and RO PDs responses were similar.

Resource utilization in creating and/or improving safety
and QI training programs
The person primarily responsible for developing and
implementing the patient safety/QI training experi-
ence was most commonly the residency PD (38%),
but other faculty members (25%) or the medical dir-
ector (21%) also lead these efforts. RO and MP PDs
reported using a range of resources, including patient
safety/QI publications (44% vs. 58%, p = 0.68) (Fig. 2).
More RO than MP PDs reported using a morbidity
and mortality (M&M) guide (48% vs. 13%, p < 0.005)
and a QI project development tool (36% vs. 13%, p <
0.05), such as Plan-Do-Study-Act (PDSA). Otherwise,
a range of resources were used similarly (Fig. 2).

Curricular elements and assessing effectiveness of patient
safety/QI training programs
A range of curriculum elements were similarly imple-
mented by RO and MP PDs in resident patient safety/QI

Fig. 2 Depicts the resources used by RO (black) and MP PDs (white) in creating their resident patient safety and QI training experience. RO PDs
were significantly more likely than MP PDs to use an M&M facilitator guide and a project development platform (both p < 0.05). RO = Radiation
Oncology, MP =Medical Physics, PD = Program Director, M&M =Morbidity and Mortality, Pubs. = Publications

Spraker et al. Radiation Oncology  (2018) 13:186 Page 3 of 8



training programs (Fig. 3a). These included a safety/QI ac-
tivity (i.e. RCA), M&M conference, safety/QI project, and
didactic activities (Fig. 3), which were all used by greater
than 50% of PDs. The only significant differences between
RO and MP PDs were that RO PDs reported using safety/
QI project requirements for graduation (60% vs. 23%, p <
0.005) and M&M conference as required learning (72% vs.
45%, p < 0.05) more often than MP PDs. Four RO and 5

MP participants provided detailed information about a
dedicated patient safety/QI rotation. The safety rotations
range from 3 weeks to 6 months in duration, and residents
had 10–100% of their time directed toward patient safety/
QI education on the rotation.
Both RO and MP PDs assessed the effectiveness of

their programs using similar methods, most commonly
resident feedback (RO 48% vs. MP 61%, p = 0.33) and

Fig. 3 a. Depicts the curricular elements utilized by RO (black) and MP (white) PDs in their resident patient safety and QI training programs. A clinical
safety and QI activity, such as a root cause analysis, was commonly used by both RO and MP PDs. RO PDs reported using M&M conference and a
safety/QI project requirement more often than MP PDs. b. Depicts how RO (black) and MP (white) PDs are assessing the effectiveness of their patient
safety and QI training program. *p < 0.05. RO = Radiation Oncology, MP =Medical Physics
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faculty feedback (RO 32% vs. MP 42%, p = 0.45) (Fig.
3b). RO were more likely than MP PDs to report that
they are not assessing the effectiveness of their safety
training program (36% vs. 10%, p < 0.05).

Barriers to creating and/or improving patient safety/QI
training programs
PDs reported a range of barriers faced in creating and im-
proving a patient safety/QI training experience, but each
was reported at a relatively low rate (Fig. 4). Responses were
similar for RO and MP PDs, except RO PDs were more
likely to report lack of expertise as a barrier to creating or
improving their training programs (40% vs. 16%, p < 0.05).
Ninety-six percent of participants reported that safety cul-
ture was not a barrier, and most reported RO and MP PDs
reported that they had adequate access to patient safety/QI
leaders in their institution (88% vs. 77%, p = 0.22).
Seventeen participants offered free-text responses to

the question “What advice would you have for pro-
gram directors seeking to improve the patient safety/
QI resident training experience in their program?”
These are shown in the Additional file 1. Six de-
scribed the importance of integrating residents into
institutional patient safety/QI activities, and 6 noted
the importance of institutional support and culture
for improving training.

The influence of departmental use of incident learning
systems
Additional file 1 Tables S1 and S2 depict the responses
from PDs reporting use of a departmental ILS versus
those who did not. PDs with a departmental ILS were
less likely to implement a patient safety/QI educational

event (e.g. safety research day) than those without a de-
partmental ILS (14.7% vs. 36.8%, p = 0.05). Otherwise
there were no significant differences between groups.

Discussion
The goals of this national survey were to understand the
current status of patient safety/QI training experiences
and identify challenges faced by PDs in developing patient
safety/QI training programs. The survey identified import-
ant differences between RO and MP PDs and between
PDs and prior surveys of residents. These findings may
guide improvement of resident patient safety/QI training.

Differences between PD and resident opinions of patient
safety/QI training
Most PDs agreed that residents are adequately exposed to
patient safety/QI activities (64% RO vs. 84% MP) and are
adequately prepared to meet these expectations of clinical
practice (60% MD vs. 90% MP). This conflicts with a re-
cent survey of RO and MP residents [5], which shows that
less than 40% feel their patient safety/QI training is ad-
equate and most lack formal exposure to key concepts,
such as ILS reporting, RCA, and failure modes and effects
analysis (FMEA) (Fig. 5a-b), although the survey questions
are not identical. A prior survey found low RO and MP
resident satisfaction with patient safety/QI training [7]
and a recent study by the ACGME also found that most
residents have a limited knowledge of RCA [6].

Differences between RO and MP PD opinions of resident
safety and QI training
MP PDs had more favorable opinions of resident safety
and QI training than RO PDs, with differences in the

Fig. 4 Depicts barriers faced by RO (black) and MP (white) PDs in creating a resident patient safety and QI training experience. RO were more likely
than MP PDs to report lack of PD expertise and lack of interest by residents as barriers (both p < 0.05). RO = Radiation Oncology, MP =Medical Physics
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question about resident enthusiasm reaching statistical
significance. This might reflect differences in the clinical
expectations and training goals between physicians and
physicists. Physicists clinical duties have substantial
overlap with safety and QI activities, and they accept
primary responsibility of the clinical safety and QI pro-
gram alongside physicians [9–11]. This may make prac-
ticing physicists especially well-equipped to teach
certain aspects of patient safety/QI, such as RCA and
FMEA. The finding that MP PDs were less likely than
RO PDs to cite lack of expertise as a barrier to program
development supports this hypothesis. This also may
explain why MP residents are more likely than RO resi-
dents to be well-exposed and adequately trained in
FMEA [5].

A recent international Delphi study recommended pa-
tient safety/QI competencies for RO residents that re-
quire proficiency in both procedural and non-technical
areas, such as how to engage patients to champion the
safety and quality of their treatment [12]. RO educators’
scope of practice including non-technical aspects of pa-
tient safety/QI compared to MP PDs may explain why
they are more likely to use a M&M facilitator guide and
implement M&M.

The current state and future directions of resident patient
safety/QI training
Participants most frequently reported using publications
and online modules or guides as resources to create
and/or improve patient safety/QI training programs.
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Fig. 5 a. Depicts responses from faculty and residents regarding the adequacy of resident patient safety and QI training. Faculty = % agreeing with
the statement: “I feel that residents who graduate from my program are adequately prepared to meet the patient safety and QI expectations of clinical
practice”. Residents = % agreeing with the statement: “I feel that the formal teaching of principles in patient safety and quality management is
adequate in my radiation oncology residency”. b. Depicts responses from faculty and residents regarding exposure to patient safety and QI activities
during training. Faculty = % agreeing with the statement: “I feel that residents who graduate from my program are adequately prepared to meet the
patient safety and QI expectations of clinical practice.”. Residents = % reporting “formal exposure” or “practical experience” with ILS, RCA,
and FMEA. ILS = Incident learning system, RCA = root cause analysis, FMEA = failure modes and effects analysis. Note: resident responses
are adapted from Spraker et al. [5]
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These resources are becoming increasingly available.
They include a detailed list of patient safety/QI compe-
tencies for RO residents [12], a framework for didactics
[13] and web-based modules (i.treatsafely.org, IAEA
e-Learning course (www.iaea.org/resources/rpop), Insti-
tute for Healthcare Improvement (ihi.org), and a safety
culture education program [14]. Additionally, a patient
safety education program including a dedicated safety
and QI rotation designed for MP residents has been
published [15].
We propose two recommendations for improvement

of resident patient safety/QI training. First, we recom-
mend a more formalized collaboration between MP and
RO PDs or inclusion of patient safety/QI champions to
close the gap of self-reported lack of expertise in these
topics as a barrier to effective training. Institutional sup-
port through faculty development would further aug-
ment RO and MP collaboration. Second, PDs should
consider integrating resident training into institutional
patient safety/QI activities. This was recommended in
the free text responses of six participants, is consistent
with recommendations from the ACGME [16], and of-
fers exposure to more faculty with expertise in patient
safety and QI when this might be lacking in smaller RO
programs. Building safety and QI training programs
around the departmental ILS may be another effective
approach as it enhances effective situated learning [15],
and has been linked to an improved patient safety/QI
training experience [5].
This study is limited by a response rate of only 28%

and 37% for RO and MP PDs, respectively. This is simi-
lar to other surveys in this field where response rates
range from 10 to 33% [5, 14, 17–19]. The responses may
not represent the opinions of all PDs. Indeed, over 60%
of participants reported using a departmental ILS and
half reported publishing or presenting patient safety/QI
research. This group may have more experience and ex-
posure to patient safety/QI than average, and this could
have biased their responses toward more favorable opin-
ions of patient safety/QI training and toward reporting
less barriers and challenges than other PDs face. An-
other limitation is that the findings reaching statistical
significance were not corrected for multiple compari-
sons. However, the goal of this paper was to identify the
current state of patient safety/QI education from the
perspective of PDs, not rigorously compare responses
between groups.

Conclusions
This national survey of RO and MP PDs found that PDs
view patient safety and QI as an important part of resi-
dent education. PDs use a range of available resources to
implement diverse educational activities. Participants
identified several important barriers to creating and

improving patient safety/QI training, including lack of
expertise. Most PDs agreed that residents are adequately
exposed to patient safety/QI and prepared to meet the
patient safety/QI expectations of clinical practice. This
conflicts with other independent studies that indicate a
majority of residents feel their patient safety/QI training
is inadequate and lacks formal exposure to QI tools.

Additional file

Additional file 1: Figure S1. “What advice would you have for program
directors seeking to improve the patient safety and QI resident training
experience in their program?”. Depicts free text responses of the survey
participants, edited for brevity and clarity. Table S1. Program directors’
(PDs) responses regarding residents and their patient safety and QI
training by Incident Learning System (ILS) use. Depicts PD responses split
by those reporting departmental use of an ILS versus those not reporting
ILS use (No ILS). P-values are reported for the chi-square test. RO = Radiation
Oncology, QI = Quality Improvement. Table S2. Program directors’ (PDs)
reporting of resources used, curricular elements used, how effectiveness is
assessed, and barriers faced in creating and/or improving patient safety and
QI programs by Incident Learning System (ILS) use. Responses are split by
those reporting departmental use of an ILS versus those not reporting ILS
use (No ILS). P-values are reported for t-tests between groups. RO =
Radiation Oncology, QI = Quality Improvement, M&M =Morbidity and
Mortality, PD = Program Director. (DOCX 27 kb)
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