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Abstract

Traditionally, emergency medicine (EM) residency programs teach non-adult emer-

gency department activities (such as pediatric EM, point-of-care ultrasound [PoCUS],

emergency medical services, and others) in a block format. In this way, a resident may

havea1-monthpediatric EMrotation and thennothaveany further pediatric EMexpo-

sure until their next pediatric rotation 6‒9 months later. Furthermore, some rotations

are only allotted for 1-month during the entire residency. A first-year EM residentmay

have their only formalPoCUS rotationearly in the first year of trainingwhen their over-

all skills are developing, and their level of understanding and retention of information

may not be optimal at that juncture of their residency training. This is far from ideal

from an educational perspective. Learning scientists have now suggested that a lon-

gitudinal interleaved curriculum has substantial advantages over the traditional block

format. This curriculum allows for a “spaced retrieval” practice that enhances reten-

tion of material and develops thinking processes that are important in clinical practice.

The increased continuity of clinical experience has been shown to improve educational

outcome and learner satisfaction. We developed a novel longitudinal interleaved cur-

riculum for our EM resident trainees. This curriculum encompasses the entire 3 years

of residency training and has the goals of increasing EM knowledge and clinical skills

and being excellent preparation for board certification examinations. This concept has

clear educational benefits. While adapting an existing medical training programwould

be challenging, a longitudinal curriculum could be phased in to replace a traditional EM

curriculum.

1 BACKGROUND

As medical educators, we have an important responsibility to use the

best possible education strategies with those who learn from us: Nel-

son Mandela said, “Education is the most powerful weapon you can

use to change the world.” In any educational program, both the con-

tent and method of delivery of the educational material are important
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to facilitate optimal learning. Recent evidence in the field of learn-

ing science has suggested that longitudinal interleaved curricula may

have advantages over traditional block format curricula in terms of

the method of educational delivery.1 This approach, called spaced or

distributed learning, has proven effective in many fields, such as point-

of-care ultrasound (PoCUS),2 undergraduate clinical medical training,3

family medicine residency training,4 andmedical procedure training.5
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F IGURE 1 An illustration of the differences between the
traditional block format curriculum and the longitudinal interleaved
curriculum. The traditional block format curriculum (A) has 2- or
4-week blocks in various disciplines. The longitudinal interleaved
curriculum (B) shows the elimination of most blocks, with shifts in
various disciplines “interleaved.” For example: instead of a 1-month
block of pediatric emergencymedicine (EM) in a year (in the block
format), the pediatric EM shifts may be scheduled once a week, to
interleave with other shifts. The total exposure time to each discipline
remains the same, but the resident will switch between disciplines
with amuch higher frequency. There is still retention of some blocks in
this format, in which continuity of exposure hasmany educational and
practical advantages (eg, critical care rotations). The exact disciplines
and time periods shown in this figure are for illustrative purposes only.
MICU, medical intensive care unit.

Longitudinal interleaved residency training is now receiving

increased interest in medical education because of these potential

benefits.1 The curriculum (where learners switch between multiple

related subjects in a short period of time) allows learners to develop

cognitive connections and improve memory associations, which ulti-

mately improve inductive reasoning.6–8 Yuan intriguingly described

in their review that spaced learning offers significant benefits for

enhancing learning but that these benefits might not be fully reflected

in test scores in the short term.9 However, the enhanced long-term

memory and memory processing benefits are without doubt. This

has important implications in improving medical thinking and clinical

decision making. Although this approach has been adopted in many

undergraduate medical programs, graduate medical education (GME)

has lagged behind, including in emergency medicine (EM) residency

training.3,10–12 At least part of this lag is because educators have

struggled with how to implement and evaluate these learningmethods

in postgraduate medical education programs, despite the evidence

of their benefits.13 Figure 1 shows a graphical representation of the

differences between the block format and longitudinal interleaved

curricula.

At the residency level, GME schedules share many of the same

characteristics as the traditional medical student scheduling model.

Rotations are typically 1 month long and will often move from one

major specialty or subspecialty area to another, with no overlap

or integration of patient care. This type of experiential learning is

fragmented and lacks continuity in some subject areas required for

learners to obtain overall specialty competency. Previous GME stud-

ies have also shown that longitudinal curricula improve the acquisition

of practical skills.2,14,15 A specific example of the effectiveness of lon-

gitudinal training was described by Kelm et al. They found that a

longitudinal PoCUS training program for internal medicine residents

produced significantly better retention of skills than a block-type train-

ing program.14 Similarly, in a review on graduate and undergraduate

PoCUS training, Martin et al concluded that a multi-year longitudinal

curriculumwas themost effective educational strategy.16

Some family practice residencies have already adopted longitudi-

nal interleaved curricula.17–19 However, few, if any, other specialties

have utilized this educational format for residency training. In EM, we

were unable to identify examples of longitudinal interleaved curric-

ula for residency training.20,21 However, Shappell and Ahn reported

a strong interest in the concept, at least for didactic teaching, among

first-year EM residents in the Chicago area.22 There are, however,

many EM programs that utilize aspects of longitudinal clinical teach-

ing. SomeEMresidencies offer topic areas of focus, commonly referred

to as scholarly tracks. Jordan et al. described these as “longitudinal

curricular experiences with clear goals and objectives to allow resi-

dents to explore and develop skills in a particular clinical or academic

area of focus within EM”.20 In their survey of EM residencies, approx-

imately 45% offer some sort of scholarly track.20 Track participation

was voluntary in 60% of the programs and was typically available

only to senior-level residents. EM tracks have been usually viewed as

opportunities for advanced training in particular topic areas, includ-

ing administration, disaster medicine, education, emergency medical

services (EMS), global health, observation medicine, ophthalmology,

public health, radiology, research, simulation, toxicology, PoCUS, or

wellness.21,23–26

When applying the longitudinal interleaved concept to GME res-

idency training, the required non-adult emergency department (ED)

activities can be interspersed into EM blocks over the entire resi-

dency education, rather than scheduled as their own dedicated blocks.

This longitudinally implemented curriculummaintains the overall total

hours of all activities but allows the residents’ non-adult ED activity

exposure to grow with their overall clinical knowledge and inte-

grate aspects of graduated responsibility with their progression in

residency. Furthermore, it allows learners to be more engaged in

their own learning and establishes a foundation for life-long learn-

ing. One additional benefit is that it also ensures that residents will

be exposed to conditions that have a seasonal variation in presen-

tation. Examples of this would include trauma presentations (higher

in warmer months) and pediatric respiratory virus infections (higher

in winter months). This significantly increases the strength of the

curriculum.

Currently, there is a paucity of literature on integrating non-adult

ED activities longitudinally into EM residency education. Although the

transition from traditional block-based subspecialty rotations to an

integrated longitudinal curriculum remains a novelty and a challenge,

EM training programs in Europe and the United States have conducted
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TABLE 1 The advantages and disadvantages of the longitudinal interleaved curriculum comparedwith the traditional block curriculum.

Benefits of longitudinal interweaved curriculum

Disadvantages of longitudinal interweaved

curriculum

Spaced retrieval practice enhances long-term retention of material.b,7,28 May not be suitable if pediatric ED or other off-service

departments are not close to the base hospital.a

Overall increase in resident knowledge, both self-reported andwhen

compared to residents in conventional curriculum.4,29,30
More complex scheduling.a

Improved educational outcome (improved in-training exam scores) when

interleaved teaching strategies used.1,31

Improved inductive reasoning, through direct comparisons between

interleaved and non-interleaved teaching processes.b,32,33

Enhanced decisionmaking (problem solving).28,32–34

Increased recovery time from regular ED shifts.a

Better management of circadian rhythm disruptions.a

Increased number of procedures.35

Maximized exposure to seasonally variable presentations.36

Increased resident satisfaction.6,8

Improved administrative experience (prolonged hospital committee

participation).a

aItems based on our experience and speculation.
bItems based primarily on educational science and undergraduate educational studies.

needs assessments and identified a strong interest in a longitudinal

curriculum.22,27

2 IMPORTANCE

It is self-evident that educating future physicians optimally is of great

importance. It is incumbent on educators to provide the best possible

learning environment to prepare residents for future clinical practice.

It is possible that the longitudinal interleaved curriculummight provide

this environment. It is important for EM (and other) program directors

tobe awareof this conceptual change in understanding the significance

of curriculum structure. It would be valuable for program directors

and other decision makers to consider the benefits and disadvantages

of the longitudinal interleaved curriculum. Finally, it is essential to

conduct research to verify that new educational principles based on

basic learning science translate into measurable improved educational

outcomes.

The benefits and disadvantages of the longitudinal interleaved

curriculum are summarized in Table 1.

3 REQUIREMENTS FOR EMERGENCY MEDICINE
RESIDENCY CURRICULUM

The Accreditation Council for Graduate Medical Education (ACGME)

has strict requirements for clinical experiences in EM residencies.

According to the program requirements, residents must spend 60% of

their clinical education in the ED under the supervision of EM faculty.

Five months, or 20% of all EM encounters, need to be dedicated to the

pediatric patient (under 18 years of age). PoCUS, EMS, and trauma are

all important aspects of the EM residency curriculum, but minimum

time in each area is not specified in theACGMEprogram requirements.

Additionally, there are requirements for scholarly activity (research)

and patient safety/quality improvement training. Although theACGME

requires EM residency programs to include these specific non-adult

ED activities in the residency curriculum, they do not specify how they

should be incorporated.37

4 DEVELOPMENT AND DESCRIPTION OF THE
LONGITUDINAL INTERLEAVED CURRICULUM

Kern’s process to curriculum development, as applied to our curricu-

lum, is described in Table 2.38

When we designed our longitudinal curriculum, all clinical expe-

riences were combined into a longitudinal format throughout the 3

years of EM residency training. The only exceptions were 4-month-

long intensive care unit (ICU) rotations, 1-month-long trauma service

rotation, and 1-month-long elective block. The few retained blocks

differ between training years. PGY-1 residents have medical ICU, sur-

gical ICU, and trauma blocks. PGY-2 residents have medical ICU and

pediatric ICU blocks. PGY-3 residents have an elective block. The lon-

gitudinal interleaved curriculum is mandatory for residents and occurs

throughout the duration of training. In this new format, the non-adult

ED activity curricular areas do not have separate rotations or blocks.

Individual training shifts or parts of shifts are assigned to each resident

in each of these areas throughout their residency. Compared to a tradi-

tional dedicatedEMrotation, a typicalmonth in our curriculumhas two

to three fewer clinical ED shifts and fewer circadian rhythm-disruptive
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TABLE 2 Kern’s six steps to curriculum development, as applied to our experience.

Step 1: Problem identification and general needs assessment

∙ Optimum training is essential to equip residents with the skills and knowledge to be safe and effective emergency physicians.
∙ Trainingmust comply with the requirements set down by ACGME and ABEM.
∙ Training shouldmaximize learning andminimize negative impacts on residents (e.g., fatigue, circadian rhythm disruptions).
∙ Current approach: the standard curriculum contains the necessary training elements, but the structure is not ideal for learning, nor for resident

wellbeing. Long periods between certain training blocks (e.g., pediatric EM), leaves residents unable tomaster knowledge and skills in these

disciplines.
∙ Ideal approach: the curriculum is structured according to educational ideals, to maximize learning, to maximize preparation of the resident for

clinical practice, and tomaximize resident wellbeing.
∙ While there is substantial evidence to support the benefits of an interleaved curriculum, themethods of establishing it in graduate education have

not beenwell studied.

Step 2: Targeted needs assessment

∙ EM residents were the targeted learners, consensus gained from residents, key faculty, and course directors:

◦ Residents need to develop ACGME- and ABEM-required competencies.

◦ Need to improve continuity of learning, for example, concerns related to wide separation of blocks, or only single exposure during residency

training.

◦ Limited ability to participate in EDmanagement or quality control processes.

◦ Risk of burnout from longworking hours and circadian rhythm disruption.

Step 3: Goals and objectives

∙ Establish longitudinal interleaved curriculum in 3-year residency program.
∙ Enable frequent and repeated exposure to topics that would be in block format in old curriculum.
∙ Reduce disruption of circadian rhythm.
∙ Increase longitudinal exposure to administrative aspects of EDmanagement.

Step 4: Educational strategies

∙ Introduce interleaved longitudinal curriculum, specifically to:

◦ Reduce the number of block training clinical experiences (pediatric EM, point-of-care ultrasound, emergencymedical services, trauma,

research).

◦ Replace suitable block training experiences to interleaved spaced learning experiences, throughout 3-year training period.

◦ Retain clinical experiences best learned through continuity of care (intensive care unit rotations, elective rotation).

Step 5: Implementation

∙ For ab initio implementation in new residency program:

◦ Introduction of curriculumwith first class.

∙ For evolution from standard curriculum in existing residency program:

◦ Speculation: possible phased introduction of new curriculumwith each new class—3-year process to complete. Pediatric EM as first change.

Step 6: Evaluation and assessment

∙ Resident feedback.
∙ Resident performance on ITE and board examinations.
∙ Evaluation of resident performance by experienced faculty.
∙ Evaluation of new curriculum by experienced faculty.

Abbreviations: ABEM, american board of emergency medicine; ACGME, accreditation council for graduate medical education; ED, emergency department;

EM, emergencymedicine; ITE, in-training examination.

shift changes. These shifts are replaced with shifts in PoCUS, EMS,

administration, or other EM areas of focus. Although each resident will

have fewer EM shifts each month than in a conventional curriculum,

each resident will also have fewer off-service blocks away from the ED.

Over the duration of the residency program, the number of ED shifts

was very similar to that in traditional block format programs.

Parsons et al recently published data from a survey of the shifts and

hours worked in US EM residency programs.39 Like most of residen-

cies in this survey, our program increased the amount of time spent

in the ED in successive years. However, unlike most of the programs,

our PGY-1 residents spent more than 70% of their clinical experiences

in the ED, increasing to 92% in the PGY-3 year. The longitudinal for-

mat allows the resident’s home base to remain in the ED for more

than 70% of their entire residency education. This is reflected in the

one to two more blocks in each PGY, when compared with the median

reported in the survey. We have one to two fewer shifts per 28-day

block and slightly fewer total hours per ED block when compared with

the survey medians. Our average ED shift length is 10 h. Thus, in res-

idencies with traditional curricula, 3-year programs have a median of

23 ED blocks, each consisting of a median of 18 shifts, with a total of

approximately 3980 h of adult ED time. Our curriculum contains 29

months of the longitudinal curriculum, with each month including a

median of 14 adult EM shifts, with a total of approximately 4060 h of

adult ED time. In addition, two to three pediatric EMshifts and variable



CLAYTON ET AL. 5 of 8

F IGURE 2 A sample of the longitudinal interleaved curriculum
monthly schedule. The interleaved components of the PGY-1, PGY-2,
and PGY-3 schedules are identical. Many of the half-day shifts were
scheduled for Tuesday afternoons, with Tuesdaymornings allocated to
conference (didactic teaching). TheQI experience was one of these
shifts. The administration experience was a hospital wide event, which
needed to be scheduled differently. The exact detail of the scheduling
could bemodified for programswith different needs. For emergency
medical service (EMS) shifts, residents were offsite with one of the
local county EMS crews. During shifts allocated to ultrasound,
residents exclusively performed ultrasound scans and procedures in
the emergency department (ED). During the trauma shifts the resident
will attendmajor trauma presentations, respond to trauma
activations, and see other trauma-related presentations in the ED.
Admin, administrative time; Adult ED, adult emergency department
shift; Conf, didactic conference; EMS, emergencymedical services ride
along shift; Ped ED, pediatric emergency department shift; PS/QI,
patient safety/quality improvement project; Research, research
project; STEMI Cmte, ST segment elevationmyocardial infarction
hospital committeemeeting; Trauma, trauma shift; US, ultrasound
scanning shift;Wellness, wellness residency group activity.

numbers of shifts in trauma, EMS, and PoCUS are interspersed with

the ED shifts. Figure 2 shows the different modalities utilized to pro-

vide longitudinal educational activities for the non-adult ED activity

portions of the curriculum. The typical shift lengths are 8‒11 h for

adult EM, 12 h for pediatric EM, 8‒12 h for trauma, 8 h for EMS,

and 4 h for PoCUS. Furthermore, residents are allocated dedicated

and protected time to work on research and patient safety/quality

improvement projects in each block. No nightshifts are allocated on

Monday nights prior to the weekly resident didactic half day (confer-

ence) on Tuesday mornings. Residents are also given dedicated time

to participate in hospital quality assurance committees. Committee

responsibilities were added to the official resident schedule to pre-

vent conflicting responsibilities. This allows the residents to commit to

their roles on the committee (typically monthly or quarterly meetings)

during a prolonged period of their residency.

Overall, the time requirement for each traditional area of rotation is

satisfied, but the experience is dispersedover all 3 years of theprogram

instead of within individual blocks. This allows the residents’ clinical

applications of material to grow with their overall medical knowledge.

Furthermore, theACGME requirements aremet in away that complies

with the current thinking and evidence in educational science.

5 WORK‒LIFE BALANCE: POTENTIAL BENEFITS

Although the residents complete similar hours in required activities

when compared to traditional block scheduling, the spacing and layout

of these activities utilizing a longitudinal format can help to improve

the residents’ work‒life balance. The longitudinal interleaved curricu-

lum provides variety in each resident’s weekly schedule. Since shifts

in the ED are very physically and mentally taxing, a schedule that bal-

ances a week of three or four 10-h adult ED shifts with a 4-h PoCUS

shift or a 3-h research block helps assist with the residents’ ability to

recover. Spacing these shorter and less intense components out over

the course of all adult EM blocks (over the entire duration of the res-

idency) was intended to enhance recovery time for the residents. The

timing of these non-adult ED activities can be very flexible and can be

scheduled to assist the resident’s circadian rhythm adjustments from

nights to days and vice versa.

6 OUR EXPERIENCE

Our residency program has three hospital training sites in Bethesda

Hospital East, Palm Beach County, Florida (Boynton Beach, 58,000

annual patient visits), Delray Medical Center (Delray Beach, 53,000

annual patient visits, Level 1 Trauma Center), and St. Mary’s Medi-

cal Center/Palm Beach Children’s Hospital (West Palm Beach, 50,000

annual patient visits, Level 1 Trauma Center, dedicated pediatric

hospital).

The faculty is composed of six senior clinicians in core faculty lead-

ership roles and 34 clinical affiliate faculty at the training hospitals.

TheDepartment of EmergencyMedicine is the leading clinical research

department at Florida Atlantic University’s Charles E. Schmidt College

ofMedicine.

The program’s core faculty all had exposure to several traditional

block curricula at their prior programs (as residents, fellows, and fac-

ulty). Based on these experiences, they identified the need for a better

system. From established research in undergraduate education pro-

grams, and early work in family medicine programs, they elected to

devise and implement a longitudinal curriculum for the inaugural class

of EM residents at the Florida Atlantic University program. The longi-

tudinal curriculum has been used from the inception of the program,

and includes integrated pediatric EM, PoCUS, trauma, EMS, EMadmin-

istration, research, andpatient safety/quality improvement throughout

the residents’ 3-year training period. The inaugural class of six EM
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residentswas admitted in 2017. Since then, the programhas graduated

24 residents.

We conducted a brief survey of our current emergency residents in

July 2022 (see Supporting Information). All 18 residents completed the

survey anonymously. Their opinions of and satisfaction with the longi-

tudinal curriculum were evaluated. A five-point Likert scale (strongly

disagree: 1 to strongly agree: 5) was used to quantify the impact of the

curriculum on their learning, confidence, overall wellness, and selec-

tion of the program when applying to residency (influence on their

rank order lists). Three major themes were identified from the sur-

vey. First, there were very positive responses about the benefit of the

curriculum structure on wellness, work‒life balance, and on time for

academic activities. Second, themajority believed that themost benefi-

cial aspect of the longitudinal curriculum was pediatric EM (89%). This

was notable because other studies have identified pediatric EM train-

ing as problematic in the current block format. This ismainly due to the

need for exposure to seasonal variation in pediatric presentations but

also because of limited time to learn core content andmaster procedu-

ral skills in the traditional format.15,36,40 The longitudinal interleaved

curriculum has been shown to provide a better learning experience

for residents in this component of training.5,41 EMS and PoCUS fol-

lowed with 6% of the residents choosing each of these rotations as

most beneficial. Third, it was notable that there were very few nega-

tive or strongly negative ratings of any of the longitudinal curriculum

components. However, residents weremore neutral about the longitu-

dinal curriculum for rotations other than pediatric EM. There was no

majority choice for the least beneficial component: research (39%)was

followed by patient safety/quality improvement (17%), trauma (17%),

EMS (11%), and PoCUS (11%).

The overall satisfaction with the format of the curriculum was very

high, and many residents reported that the curriculum had an impor-

tant impact on their decision to rank the program highly when applying

for residency.

7 IMPLEMENTATION

We had the benefit, as a new program, of being able to create a novel

curriculum from the outset. Without a traditional framework in place,

it was easy to institute the longitudinal interleaved model. However, it

would be more challenging to redesign a fully established traditional

residency curriculum, and there is limited published evidence or pub-

lished experience to guide this process. In addition, this process might

be more complex for EM than for other disciplines, as some rotations

(such as pediatric EM and trauma) are dependent upon other depart-

ments’ cooperation, and changesmight affect their service delivery and

the training of their own residents. In our hospitals, we do not have a

pediatric residency or pediatric EM fellowship, which made schedul-

ing pediatric ED shifts easier. Furthermore, the surgery residency was

established at the same time as the EM residency, allowing us to work

with the surgery program in developing the trauma rotations. Other

rotations (such as PoCUS and research) are not dependent on other

departments andwould be easier to implement.

A full discussion of the process for executing a curriculum change is

beyond the scope of this concept paper, but there are a few core prin-

ciples to consider. Most importantly, changes in postgraduate medical

education are essential as new educational philosophies or techno-

logical advances become available.42 However, when considering any

curriculum change, it is essential to adhere to sound change man-

agement principles, and to collaborate with specialists in educational

science.43 The key factors for success in postgraduate medical edu-

cation curriculum changes, as reported by Wijk et al., are working

as a team; having a clear vision of the change and the process and

believing in its value; having an explicit mandate for the change; hav-

ing the support of colleagues and superiors; and having a long-term

perspective.42

In terms of introducing a longitudinal curriculum in an estab-

lished EM residency program, we speculate that slowly implementing

changes over time could be the most effective model. Two possible

approaches to transitioning to anewcurriculumover a3-year timespan

could be considered.

In the first pathway, the changes to the new curriculum would be

phased in over a 3-year period. In year 1, pediatric EMwould be intro-

duced in a longitudinal format for all residents (PGY-1, PGY-2, and

PGY-3). In year 2, additional blocks could be converted to interleaved

rotations (e.g., PoCUS and trauma). In year 3, the final remaining blocks

could be changed to the new format. This would need to be designed

to ensure that all residents still complete the required time in each

rotation.

The second pathway would require the introduction of the longitu-

dinal curriculum at the beginning of the academic calendar for a new

PGY-1 class while retaining the old curriculum for the existing PGY-2

andPGY-3 residents. In year 2, both PGY-1 andPGY-2 residentswould

follow the new curriculum, with PGY-3 still in the old curriculum. In

year 3, all residents would follow the new curriculum. This pathway

could be simpler to implement but would require all elements of the

new curriculum to be in place at the outset of the planned change.

8 LIMITATIONS AND LESSONS LEARNED

A limitation of our study is the small size of our residency program,

which may have skewed our experience. Even in our small program of

18 residents, however, the intricate longitudinal scheduling is a large

administrative burden. Ensuring that all residents are scheduled for the

proper number of longitudinal shifts to offset a traditional block sched-

ule requires more effort than following the traditional block schedule

format. This is feasible with a smaller program but may require extra

administrative support in larger residency programs. It is also impor-

tant to track when a resident may miss a longitudinal experience to

ensure that it is completed in the future.

We also learned that it is important to be consistent with the resi-

dent scheduling on off service longitudinal sessions. For example, it is

important for our surgery colleagues to know when an EM resident

will be on a longitudinal trauma shift so that the scheduler can plan

for a full trauma team accordingly. We modified the original format to
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consistently cover trauma on certain days, so that they can rotate off

their surgical seniors.

Additional limitations that may have skewed our experience were

starting our program at the same time as the surgical residency pro-

gram, and the absence of pediatric training programs at our hospitals.

These factorsmay havemade this curriculumeasier for us than itmight

be for others.

9 FUTURE DIRECTIONS

Perhaps, most importantly, it needs to be established whether the out-

comes of our training program are equal or superior to the existing

curriculum. In a future study, we will partner with an institution with

a traditional curriculum and compare the residents using objective

measures such as ITE scores, number of procedures, perceived proce-

dural competency, and board examination scores. In addition, resident

wellbeing and risk of burnout will be evaluated between the different

programs.

Should the longitudinal curriculum prove better than the traditional

curriculum, future work will also need to evaluate potential methods

of achieving curriculum evolution and determine themost appropriate

approach.

10 CONCLUSIONS

There is considerable evidence to support the educational benefits of

a longitudinal interleaved curriculum. It is gaining traction in under-

graduate training and in some residency disciplines, although not yet

in EM. The EM curriculum, however, is well suited to be transitioned

from a traditional block format to the longitudinal interleaved format.

We achieved this goal by creating a novel, longitudinal interleaved

EM residency curriculum by integrating pediatric EM, PoCUS, trauma,

EMS, administration, research, and patient safety/quality improve-

ment rotations throughout all 3 years of the residency. The effects

of this educational format appear to be beneficial across EM, with

pediatric EM being the area where a longitudinal experience has the

greatest potential value. The curriculum has been well received by

the residents and is a drawcard for future residents. This field of

study has enormous potential for future research. This curriculum

format may be useful in other medical disciplines, and these special-

ties should consider the benefits that it could add to their training

programs.

CONFLICT OF INTEREST STATEMENT

The authors declare that they have no conflicts of interest.

FUNDING INFORMATION

The authors received no specific funding for this work.

ORCID

MikeWellsMBBCh, PhD https://orcid.org/0000-0002-4520-2007

REFERENCES

1. Zeller TA, Beben K, Kong M, et al. Longitudinal interleaved residency

training: a consensus definition. Family Med. 2023;55(5):311-316.
doi:10.22454/FamMed.2023.378423

2. Boniface MP, Helgeson SA, Cowdell JC, et al. A longitudinal curricu-

lum in point-of-care ultrasonography improves medical knowledge

and psychomotor skills among internal medicine residents. Adv Med
Educ Pract. 2019;10:935-942. doi:10.2147/AMEP.S220153

3. Gheihman G, Jun T, Young GJ, et al. A review of longitudi-

nal clinical programs in US medical schools. Med Educ Online.
2018;23(1):1444900. doi:10.1080/10872981.2018.1444900

4. Jacobs C, Seehaver A, Skiold-Hanlin S. A longitudinal underserved

community curriculum for family medicine residents. Fam Med.
2019;51(1):48-54. doi:10.22454/FamMed.2019.320104

5. Martinelli SM, Isaak RS, Schell RM, Mitchell JD, McEvoy MD, Chen F.

Learners and luddites in the twenty-first century: bringing evidence-

based education to anesthesiology. Anesthesiology. 2019;131(4):908-
928. doi:10.1097/ALN.0000000000002827

6. Bartlett M, Couper I, Poncelet A, Worley P. The do’s, don’ts and don’t

knows of establishing a sustainable longitudinal integrated clerkship.

Perspect Med Educ. 2020;9(1):5-19. doi:10.1007/s40037-019-00558-
z

7. Gooding HC, Mann K, Armstrong E. Twelve tips for applying the

science of learning to health professions education. Med Teach.
2017;39(1):26-31. doi:10.1080/0142159X.2016.1231913

8. Hense H, Harst L, Kuster D, Walther F, Schmitt J. Implementing

longitudinal integrated curricula: systematic review of barriers and

facilitators.Med Educ. 2021;55(5):558-573. doi:10.1111/medu.14401

9. Yuan X. Evidence of the spacing effect and influences on perceptions

of learning and science curricula. Cureus. 2022;14(1):e21201. doi:10.
7759/cureus.21201

10. Denney-Koelsch EM, Horowitz R, Quill T, Baldwin CD. An integrated,

developmental four-year medical school curriculum in palliative care:

a longitudinal content evaluation based on national competency stan-

dards. J Palliat Med. 2018;21(9):1221-1233. doi:10.1089/jpm.2017.

0371

11. Minardi J, Ressetar H, Foreman T, et al. Longitudinal ultrasound cur-

riculum incorporation at West Virginia university school of medicine:

a description and graduating students’ perceptions. J Ultrasound Med.
2019;38(1):63-72. doi:10.1002/jum.14662

12. Norris TE, Schaad DC, DeWitt D, Ogur B, Hunt DD, Consortium of

Longitudinal Integrated Clerkship. Longitudinal integrated clerkships

for medical students: an innovation adopted by medical schools in

Australia, Canada, South Africa, and the United States. Acad Med.
2009;84(7):902-907. doi:10.1097/ACM.0b013e3181a85776

13. ThompsonCP,HughesMA.Theeffectivenessof spaced learning, inter-

leaving, and retrieval practice in radiology education: a systematic

review. J Am Coll Radiol. 2023;20(11):1092-1101. doi:10.1016/j.jacr.
2023.08.028

14. Kelm DJ, Ratelle JT, Azeem N, et al. Longitudinal ultrasound curricu-

lum improves long-term retention among internal medicine residents.

J GradMed Educ. 2015;7(3):454-457. doi:10.4300/JGME-14-00284.1

15. Mitzman J, Way DP. Block versus longitudinal scheduling of emer-

gency medicine residents’ rotation in an independent children’s hos-

pital: pediatric emergency medicine attending faculty’s perspective.

Cureus. 2019;11(12):e6476. doi:10.7759/cureus.6476
16. Martin R, Lau HA, Morrison R, Bhargava P, Deiling K. The rising tide

of point-of-care ultrasound (POCUS) in medical education: an essen-

tial skillset for undergraduate and graduate medical education. Curr
Probl Diagn Radiol. 2023;52(6):482-484. doi:10.1067/j.cpradiol.2023.
06.003

17. Leibert BA. The birth of the blended curriculum. Fam Med.
1998;30(6):449-451.

18. Reust CE. Longitudinal residency training: a survey of family practice

residency programs. FamMed. 2001;33(10):740-745.

https://orcid.org/0000-0002-4520-2007
https://orcid.org/0000-0002-4520-2007
https://doi.org/10.22454/FamMed.2023.378423
https://doi.org/10.2147/AMEP.S220153
https://doi.org/10.1080/10872981.2018.1444900
https://doi.org/10.22454/FamMed.2019.320104
https://doi.org/10.1097/ALN.0000000000002827
https://doi.org/10.1007/s40037-019-00558-z
https://doi.org/10.1007/s40037-019-00558-z
https://doi.org/10.1080/0142159X.2016.1231913
https://doi.org/10.1111/medu.14401
https://doi.org/10.7759/cureus.21201
https://doi.org/10.7759/cureus.21201
https://doi.org/10.1089/jpm.2017.0371
https://doi.org/10.1089/jpm.2017.0371
https://doi.org/10.1002/jum.14662
https://doi.org/10.1097/ACM.0b013e3181a85776
https://doi.org/10.1016/j.jacr.2023.08.028
https://doi.org/10.1016/j.jacr.2023.08.028
https://doi.org/10.4300/JGME-14-00284.1
https://doi.org/10.7759/cureus.6476
https://doi.org/10.1067/j.cpradiol.2023.06.003
https://doi.org/10.1067/j.cpradiol.2023.06.003


8 of 8 CLAYTON ET AL.

19. Rodney W. Further support for the nonrotational system. Fam Med.
1992;24(4):256.

20. Jordan J, Hwang M, Kaji AH, Coates WC. Scholarly tracks in emer-

gency medicine residency programs are associated with increased

choice of academic career. West J Emerg Med. 2018;19(3):593-599.
doi:10.5811/westjem.2018.1.36753

21. Regan L, Stahmer S, Nyce A, et al. Scholarly tracks in emergency

medicine. Acad Emerg Med. 2010;17(2):S87-S94. doi:10.1111/j.1553-
2712.2010.00890.x

22. Shappell E, Ahn J. A needs assessment for a longitudinal emergency

medicine intern curriculum. West J Emerg Med. 2017;18(1):31-34.
doi:10.5811/westjem.2016.9.31493

23. Arnold J, Tango J, Walker I, et al. An evidence-based, longitudinal cur-

riculum for resident physician wellness: the 2017 Resident Wellness

Consensus Summit. West J Emerg Med. 2018;19(2):337-341. doi:10.
5811/westjem.2017.12.36244

24. Boulger C, Adams DZ, Hughes D, Bahner DP, King A. Longitudi-

nal ultrasound education track curriculum implemented within

an emergency medicine residency program. J Ultrasound Med.
2017;36(6):1245-1250. doi:10.7863/ultra.16.08005

25. Bouman A, Goyal N, Guyer C, et al. A novel curriculum for ophthalmol-

ogy training of emergency medicine residents (COPTER) [Abstract].

West J EmergMed. 2018;19(4.1).
26. Wheatley M, Baugh C, Osborne A, Clark C, Shayne P, Ross M. A

model longitudinal observationmedicine curriculum for an emergency

medicine residency. Acad Emerg Med. 2016;23(4):482-492. doi:10.
1111/acem.12909

27. Sauter TC, Exadaktylos A, Krummrey G, Lehmann B, Brodmann-

MaederM,HautzWE.Development, implementation and first insights

of a time- and location-independent longitudinal postgraduate cur-

riculum in emergency medicine. GMS J Med Educ. 2018;35(4):Doc44.
doi:10.3205/zma001190

28. Schmidt HG, Mamede S. How cognitive psychology changed the face

of medical education research. Adv Health Sci Educ Theory Pract.
2020;25(5):1025-1043. doi:10.1007/s10459-020-10011-0

29. Knox KE, Lehmann W, Vogelgesang J, Simpson D. Community health,

advocacy, and managing populations (CHAMP) longitudinal residency

education and evaluation. J Patient Cent Res Rev. 2018;5(1):45-54. 10.
17294/2330-0698.1580

30. Schiefer R, Devlaeminck AV, Hofkamp H, Levy S, Sanchez D, Muench

J. A family systems curriculum: back to the future? Fam Med.
2017;49(7):558-562.

31. Steinweg KK, Cummings DM, Kelly SK. Are some subjects bet-

ter taught in block rotation? A geriatric experience. Fam Med.
2001;33(10):756-761.

32. Birnbaum MS, Kornell N, Bjork EL, Bjork RA. Why interleaving

enhances inductive learning: the roles of discrimination and retrieval.

MemCognit. 2013;41(3):392-402. doi:10.3758/s13421-012-0272-7
33. Kornell N, Bjork RA. Learning concepts and categories: is spacing the

“enemy of induction”? Psychol Sci. 2008;19(6):585-592. doi:10.1111/j.
1467-9280.2008.02127.x

34. Hayes BK, Heit E. Inductive reasoning 2.0. Wiley Interdiscip Rev Cogn
Sci. 2018;9(3):e1459. doi:10.1002/wcs.1459

35. Melo J, Kaneshiro B, Kellett L, Hiraoka M. The impact of a longitudi-

nal curriculum on medical student obstetrics and gynecology clinical

training.Hawaii J Med Public Health. 2014;73(5):144-147.
36. Cloutier RL, Walthall JD, Mull CC, Nypaver MM, Baren JM. Best edu-

cational practices in pediatric emergency medicine during emergency

medicine residency training: guiding principles and expert recommen-

dations.Acad EmergMed. 2010;17(2):S104-S113. doi:10.1111/j.1553-
2712.2010.00893.x

37. ACGME Program Requirements Emergency Medicine.
Chicago, IL: ACGME; 2020. Accessed May 11, 2023. https://

www.acgme.org/Portals/0/PFAssets/ProgramRequirements/

110_EmergencyMedicine_2020.pdf?ver=2020-06-26-125701-320

38. Kern DE. Curriculum Development for Medical Education: A Six-Step
Approach. 2nd ed. Johns Hopkins University Press; 2009.

39. Parsons M, Mannix A, Gore K, Rabalais J, Gottlieb M. The current

landscape of emergencymedicine resident scheduling.AEMEduc Train.
2024;8(1):e10926. doi:10.1002/aet2.10926

40. Chen EH, Shofer FS, Baren JM. Emergency medicine resident rota-

tion in pediatric emergency medicine: what kind of experience are we

providing? Acad Emerg Med. 2004;11(7):771-773. doi:10.1197/j.aem.

2004.01.004

41. Goldin SB, Horn GT. FLS skill acquisition: a comparison of blocked vs

interleaved practice. J Surg Educ. 2014;71(4):506-512. doi:10.1016/j.
jsurg.2014.01.001

42. Wijk H, Heikkila K, Ponzer S, Kihlstrom L, Nordquist J. Successful

implementation of change in postgraduatemedical education—a qual-

itative study of programme directors. BMCMed Educ. 2021;21(1):213.
doi:10.1186/s12909-021-02606-x

43. Bank L, Jippes M, Scherpbier AJJA, Scheele F. Change management

support in postgraduatemedical education: a change for the better. In:

Tsoulfas G, Ed.Medical and Surgical Education—Past, Present and Future.
InTech; 2018.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Clayton L,WellsM, Alter S, Solano J,

Hughes P, Shih R. Educational concepts: A longitudinal

interleaved curriculum for emergencymedicine residency

training. JACEP Open. 2024;5:e13223.

https://doi.org/10.1002/emp2.13223

https://doi.org/10.5811/westjem.2018.1.36753
https://doi.org/10.1111/j.1553-2712.2010.00890.x
https://doi.org/10.1111/j.1553-2712.2010.00890.x
https://doi.org/10.5811/westjem.2016.9.31493
https://doi.org/10.5811/westjem.2017.12.36244
https://doi.org/10.5811/westjem.2017.12.36244
https://doi.org/10.7863/ultra.16.08005
https://doi.org/10.1111/acem.12909
https://doi.org/10.1111/acem.12909
https://doi.org/10.3205/zma001190
https://doi.org/10.1007/s10459-020-10011-0
https://doi.org/10.17294/2330-0698.1580
https://doi.org/10.17294/2330-0698.1580
https://doi.org/10.3758/s13421-012-0272-7
https://doi.org/10.1111/j.1467-9280.2008.02127.x
https://doi.org/10.1111/j.1467-9280.2008.02127.x
https://doi.org/10.1002/wcs.1459
https://doi.org/10.1111/j.1553-2712.2010.00893.x
https://doi.org/10.1111/j.1553-2712.2010.00893.x
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/110_EmergencyMedicine_2020.pdf?ver=2020-06-26-125701-320
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/110_EmergencyMedicine_2020.pdf?ver=2020-06-26-125701-320
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/110_EmergencyMedicine_2020.pdf?ver=2020-06-26-125701-320
https://doi.org/10.1002/aet2.10926
https://doi.org/10.1197/j.aem.2004.01.004
https://doi.org/10.1197/j.aem.2004.01.004
https://doi.org/10.1016/j.jsurg.2014.01.001
https://doi.org/10.1016/j.jsurg.2014.01.001
https://doi.org/10.1186/s12909-021-02606-x
https://doi.org/10.1002/emp2.13223

	Educational concepts: A longitudinal interleaved curriculum for emergency medicine residency training
	Abstract
	1 | BACKGROUND
	2 | IMPORTANCE
	3 | REQUIREMENTS FOR EMERGENCY MEDICINE RESIDENCY CURRICULUM
	4 | DEVELOPMENT AND DESCRIPTION OF THE LONGITUDINAL INTERLEAVED CURRICULUM
	5 | WORK&#x2012;LIFE BALANCE: POTENTIAL BENEFITS
	6 | OUR EXPERIENCE
	7 | IMPLEMENTATION
	8 | LIMITATIONS AND LESSONS LEARNED
	9 | FUTURE DIRECTIONS
	10 | CONCLUSIONS
	CONFLICT OF INTEREST STATEMENT
	FUNDING INFORMATION
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


