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 8 

 9 

Title: Website Usability Analysis of United States Emergency Medicine Residencies 10 

Abstract 11 

 12 

Objectives: 13 

The Council of Residency Directors (CORD) in Emergency Medicine (EM) has recommended 14 

that all residency programs should conduct virtual interviews for the 2020-2021 application cycle 15 

due to the COVID-19 pandemic. While factors such as geographical region, city, program size or 16 

hospital affiliation are not modifiable, EM residencies can bridge the information gap created by 17 

a lack of face-to-face interaction by representing themselves digitally. Measuring usability 18 

provides an objective method for EM residencies to improve their web presence and effectively 19 

represent themselves to applicants. 20 

 21 

Methods: 22 

Our sample set included 55 United States EM residency program websites. Using methodology 23 

replicated from previous literature on healthcare website usability1, we divided usability into four 24 

categories for quantifiable analysis: Accessibility, Marketing, Content Quality, and Technology. 25 

Analysis was performed on each website and scored in all four categories. A “General Usability” 26 

score was calculated for each website using a composite of the key factors within the four 27 

categories. Using a weighted percentage across all of the factors, an overall score was calculated. 28 

 29 

Results: 30 
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Content Quality was the overall highest scoring category (mean 5.4, SD 2.48, SE 0.33). The 31 

overall lowest performing category was Technology (mean 0.8, SD 0.09, SE 0.01). 32 

 33 

Conclusions: 34 

Measuring usability can help EM residency programs identify ways to improve their web 35 

presence. To effectively promote their programs, residencies need quality content that 36 

communicates their key features. Our recommendation is for all residency programs to 37 

periodically perform website audits and apply the usability measures outlined in order to 38 

improve their digital presence, especially during times when face-to-face interactions will be 39 

limited. 40 

 41 

Introduction 42 

Background 43 

With COVID-19 upending the traditional residency application process, residency programs and 44 

medical students are finding themselves needing to adapt to changes in the 2020-2021 cycle. 45 

This is primarily due to fewer opportunities for in-person contact and communication. The 46 

Coalition for Physician Accountability has made several recommendations in an effort to  47 

minimize in-person interaction with residency programs including the limitation of away 48 

rotations, conduction of virtual interviews, and virtual orientation and tours. 2 The Council of 49 

Residency Directors (CORD) in Emergency Medicine (EM) has recommended that all EM 50 

residency programs conduct their interviews virtually.3 Similarly, the Association of Faculties of 51 

Medicine of Canada Resident Matching Committee (ARMC) decided that all interviews for the 52 

2021 Medicine Subspecialty Match, Pediatric Subspecialty Match, and Family 53 

Medicine/Enhanced Skills Match will be in a virtual format including those for local candidates.4 54 

Traditionally, EM residency interviews have allowed programs to showcase their cities and 55 

facilities. Interviews have also conventionally offered students and programs the opportunity to 56 

interact socially through events such as mixers and/or dinners. These factors remain difficult to 57 

overcome virtually. Additionally, CORD has recommended that students and EM residency 58 

programs work to minimize the amount of visiting student rotations, to reduce the amount of 59 
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travel during this pandemic.3 Although two EM rotations including one home and one “away” or 60 

“visiting” clerkship was the pre-COVID-19 standard recommendation for medical students, 61 

students may now only be able to rotate at their home program.5 Visiting student rotations have 62 

traditionally afforded more contact between applicants, personnel, and programs, allowing for 63 

improved assessment of compatibility. These rotations give students the chance to learn the 64 

setting (i.e. county, community, academic) they prefer and augment their perception of overall 65 

“fit”.6 Due to these changes, both students and EM residency programs will make high-stakes 66 

decisions with less information than in previous years. Although programs cannot change the 67 

circumstances surrounding COVID-19 or their own non-modifiable factors (i.e. geographical 68 

region, city, program size, hospital affiliation), they can better represent themselves digitally via 69 

their websites and social media. A residency program’s website is often their first impression on 70 

an applicant. Although the content contained on the website is crucial, the manner in which this 71 

content is presented is also important. Understanding the technical aspects of website usability 72 

can help one website stand out from another and should not be overlooked when building a 73 

website. With a lack of face-to-face interaction, programs can minimize the information gap by 74 

enhancing their website usability. 75 

Website Usability for EM Residency Programs 76 

Usability extends beyond a website’s external appearance; it also encompasses variables of “user 77 

experience” including website errors and overall ease of navigation.7 Previous research has 78 

analyzed usability in e-commerce, e-government, mobile news apps, and library websites.8–11 79 

With regards to healthcare-related websites, usability has been analyzed in hospital, children’s 80 

hospital, cancer center, and digital healthcare center websites.1,12–14 A website with enhanced 81 

usability tends to garner higher levels of engagement, and therefore better accomplishes its 82 

goals.15–17 Accordingly, industries outside of healthcare have established standardized guidelines 83 

for measuring usability in the areas of Accessibility, Content Quality, Marketing, and 84 

Technology.15–17 Expectations of user experience have been established, and healthcare websites 85 

are facing pressures to conform to these requirements.18,19 86 

As EM residency program websites will now play a larger role than ever in recruiting potential 87 

applicants, the importance of evaluating and optimizing usability has increased. Residency 88 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Website Usability Analysis of US EM Residencies 

This article is protected by copyright. All rights reserved 

program websites have previously been analyzed for content quality within the specialties of 89 

general surgery, neurosurgery, diagnostic and interventional radiology, dermatology, physical 90 

medicine and rehabilitation, cardiothoracic surgery, urology, orthopedic surgery, otolaryngology, 91 

plastic surgery, vascular surgery, and radiation oncology.19-29 To our knowledge, no prior 92 

analysis of EM residency website usability has been performed. This analysis may inform EM 93 

residencies how to improve their online presence and more effectively represent themselves to 94 

potential applicants.  95 

Objectives  96 

Aim 1: Categorize EM residency programs and their websites. Aim 2: Utilize a previously 97 

published usability scoring system to objectively and quantitatively analyze their websites.1  Aim 98 

3: Identify themes to suggest areas of improvement amongst EM residency websites. 99 

 100 

Methods 101 

We conducted a cross-sectional usability audit of U.S. EM residency websites. 102 

Sample selection 103 

Our target website population was United States EM residency programs. We started with 251 104 

programs that were listed as Accreditation Council for Graduate Medical Education (ACGME) 105 

accredited on the Electronic Residency Application Service (ERAS) website. We refined our 106 

sample set by only including programs that use their own primary domain or subdomain. 107 

Programs using a subpage of a larger domain (i.e. hospital or university) were excluded as the 108 

analysis would include non-residency related content (i.e. patient care, patient portals, residency 109 

programs other than EM etc.). Without using the exclusion criteria there would likely be 110 

artificially high scores for pages with a large primary domain that added a small residency 111 

subpage. Websites that were inconclusive or showed errors upon analysis were also excluded. 112 

Our final sample set included 55 U.S. EM residency programs. This process is represented in 113 

Figure 1. 114 

 115 

Overview 116 
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All data was collected between 27 May 2020 and 7 June 2020 using tools that assessed the 117 

website usability of each program. We replicated a methodology that was previously outlined by 118 

Calvano et. al. who ranked the usability of digital healthcare center websites.1 We maintained the 119 

definitions and scoring system described by Calvano et al. and applied the same formulas to 120 

determine the usability of the websites assessed in our study. The four categories that were 121 

identified and defined in previous literature as aspects of usability are: 122 

 123 

 1) Accessibility - ability of users with lower levels of computer literacy to access and 124 

navigate the website.  125 

2) Marketing – ability of the website to be found through search engines. 126 

3) Content Quality – lack of grammatical errors, frequency of content updates, content 127 

relevancy, and readability. 128 

4) Technology – website download speed, quality of the programming code, and website 129 

infrastructure. 1,12,13 130 

 131 

Analysis 132 

We built a database of ACGME accredited EM residency program websites that used their own 133 

primary domain or subdomain. We then scored each website according to a variety of usability 134 

tools outlined thoroughly by Calvano et. al. in Table S1. These tools were selected based on the 135 

ability of the tool to analyze a given target factor (ie. website speed) in a user-friendly way. The 136 

primary tool used for website evaluation was a "web crawler". A web crawler uses the websites 137 

URL to create a topographical map of a website and its subpages in order to analyze it for errors, 138 

content, and metadata including: titles, keywords, and descriptions.31 There were two authors 139 

involved in data gathering and rating who were thoroughly trained by an expert. Both raters 140 

familiarized themselves with the instruction manuals associated with each tool to ensure an 141 

accurate and reproducible analysis. The same two authors then divided the tools amongst 142 

themselves with only one author assigned to each tool and collected data for their given set of 143 

tools. This ensured that the data gathered using a certain tool was not influenced by different 144 

computer capabilities or internet connections, thereby minimizing potential discrepancies. 145 
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Factors that may rely on the users’ internet connection (ie. speed) were run using two different 146 

tools and averaged in order to provide fair and accurate values. 147 

The resulting scores given by each tool were then assigned to one of four categories: 1) 148 

Accessibility; 2) Content; 3) Marketing; 4) Technology. A “General Usability” score was 149 

calculated using a combination of key factors relating to each of the four categories. Finally, an 150 

“Overall Usability” score, which looked at variables across the previous categories, was used to 151 

provide a ranking system. A description, information about the rating scale, and the significance 152 

of each category are described in Table S1, which Calvano et al. provided for our explicit use. 153 

 154 

Accessibility 155 

Accessibility is a category intended to represent how well a website caters to a diverse 156 

population, regardless of the level of literacy, technical skills, or presence of disabilities. 157 

Accessibility includes the following variables: meta description, functionality, readability, and 158 

overall layout. Meta description refers to the “snippet” page summary that appears when a site is 159 

the result of a search engine inquiry. Functionality looks at features allowing users to view 160 

aspects of a website with content levels appropriate for user understanding, regardless of their 161 

literacy levels. An estimated 43% of American adults have been observed to have basic or below 162 

basic literacy rates.32 The use of assistive technologies also falls under Accessibility. This refers 163 

to features such as screen readers/magnifiers of a website.33 By using tools to apply algorithmic 164 

scales, the websites were ranked on their level of reading difficulty as well as approximating the 165 

grade level required for content comprehension in order to grade Accessibility.  166 

Content Quality 167 

Content Quality assesses both the positive and negative elements of a website’s published 168 

content. Content Quality includes the following variables: information relevance, generated 169 

metadata, use of multimedia for imagery, and relevancy of written text. Relevancy refers to the 170 

content’s pertinence and accuracy to a particular topic at a specific point in time. In our context, 171 

websites dedicated to presenting information about an EM residency program were evaluated on 172 

the ability to provide both relevant and accurate information to applicants (i.e. application 173 

requirements, curriculum details, benefits). Evaluation of multimedia addresses both quantity 174 
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and quality (i.e. resolution) of a website’s multimedia. Metadata function adds support to the 175 

composed content. Analysis of written text looks at both grammar and spelling. 176 

Marketing 177 

Marketing addresses the ease of discovery of a particular website. There is specific emphasis on 178 

its Search Engine Results Pages (SERP). When internet users place an online search via a search 179 

engine (i.e. Google), SERP refers to the order in which websites are presented to the user. 180 

Websites that present higher on the list have increased visibility making SERPs a crucial factor 181 

in digital marketing. Search Engine Optimization (SEO) is an entire field dedicated to the 182 

optimization of this practice. SEO is an effective way healthcare websites, including EM 183 

residency programs, can create a similar corporate presence to other industries. The specifics of 184 

SEO auditing, however, are outside of the scope of this study. 185 

Technology 186 

Technology evaluates a website’s technical functionality. Rather than content, it looks at the 187 

quality of technological design and performance. This includes front-end design, user 188 

experience, back-end coding infrastructure, and server management. Front-end design refers to 189 

what is visible to users browsing a website. Analysis of front-end design includes looking at 190 

aspects of hypertext markup language (HTML), which assesses the ease of navigation based on 191 

layout and how well a website is scalable across different devices (i.e. computers, tablets, and 192 

mobile phones). Back-end design includes the programming code which runs the website. 193 

Programming code and other web components (i.e. databases) are stored on servers which allows 194 

user-access on any suitable device. Additionally, the speed of a site (amount of time it takes to 195 

load) is server-dependent. This plays an important part in adding and maintaining users. 196 

According to a recent Google study, a website that takes longer than 3 seconds to load on a 197 

mobile device loses approximately 53% of its users and the average mobile website speed is 198 

around 18 seconds.34 199 

General Usability 200 

General Usability encompasses the metrics from the previous four categories. This score 201 

assesses the overall quality of a website and provides a point of reference for EM residencies to 202 
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begin an audit of their websites. The more specific categories allow them to look for areas of 203 

improvement. 204 

Overall Usability 205 

Overall Usability is the rank order calculation we used for complete assessment of all major and 206 

minor variables across the five previous categories. Percentages were assigned accordingly to 207 

create a weighted, comprehensive usability ranking system. 208 

 209 

Results 210 

Due to individual technical issues on specific websites, 6 websites were eliminated from our 211 

original set of 61. Most of these issues were related to errors with the web crawler, potentially 212 

due to the lack of index restrictions put in place by the website administrators. Scores were 213 

assigned to the remaining (N=55) EM residency websites.   214 

Accessibility had a mean score of 1.9 (Standard Deviation (SD) 0.62) (Standard Error (SE) 0.08). 215 

Content Quality was the highest average scoring category by a significant margin with a score of 216 

5.4 (SD 2.48) (SE 0.33). Marketing had a mean score of 1.3 (SD 0.48) (SE 0.06). The overall 217 

lowest performing category was Technology, with a mean score of 0.7 (SD 0.09) (SE 0.01). 218 

General Usability had a mean score of 1.3 (SD 0.39) (SE 0.05). Summary statistics of all 219 

categories are shown in Table 1. 220 

The overall rankings for the 55 assessed websites are presented in Table 2. 221 

Leaders amongst ranking categories include: Accessibility - Christiana Care Health Services 222 

(3.5). Content Quality - Christiana Care Health Services (11.7). Marketing – There was a seven-223 

way tie between Stanford University, UCLA David Geffen School of Medicine, University of 224 

Arkansas for Medical Sciences, University of California (Irvine), University of Florida College 225 

of Medicine Jacksonville, Virginia Commonwealth University Health Systems, and Washington 226 

University (2.1). Technology – There was a five-way tie between Brookdale University Hospital 227 

and Medical Center, Christiana Care Health Services, Tower Health, University of Arkansas for 228 

Medical Sciences, and the University of Florida College of Medicine Jacksonville (0.9). General 229 
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Usability - Christiana Care Health Services Program (2.4). The top ranked website for Overall 230 

Usability was also Christiana Care Health Services Program (3.2). For the categories that ended 231 

in a tie, the websites had scores within a 100th of a decimal point. Table 2 does not reflect these 232 

as a tie. 233 

 234 

Discussion 235 

 236 

After thorough investigation of usability, the General Usability category was found to be low 237 

performing, indicating overall room for improvement amongst EM residency websites. Content 238 

Quality was the overall highest scoring category by a significant margin and Technology was the 239 

lowest performing category.  240 

 241 

A low average General Usability score indicates that these EM residency programs do not have a 242 

complete understanding of usability metrics and what is necessary for overall website quality. 243 

This is resembled by the disproportionate scoring between the analyzed categories. On the 244 

surface, it is easy for programs to view the quality of their website simply based on their content. 245 

However, by utilizing usability analysis these websites can examine beyond what is on the 246 

surface and discover other aspects in which they can improve. 247 

 248 

Regarding Content Quality, our data shows that EM residency websites have placed heavy 249 

emphasis on providing accurate and relevant information about their residency programs. This 250 

represents the notation that, from a logistical standpoint, EM residency websites are primarily 251 

concerned with their content. It is important to inform these programs, however, that Content 252 

Quality is only a partial contributor and other factors need to be addressed to improve General 253 

Usability. In the event that a program was looking to improve their content, they could start by 254 

performing frequent audits, making sure their content if up to date. They could also address if the 255 

information they are presenting is relevant to what applicants are looking for. Additionally, 256 

evaluating both the quality and quantity of their multimedia and confirming their websites do not 257 

contain spelling or grammatical errors will improve their overall Content Quality. 258 

 259 
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Technology being the lowest average ranked category suggests a lack of importance placed on 260 

digital and information technology amongst these residency programs. A lack of investment may 261 

be resembled by a lack of server capacity or infrequent website/social media audits. Increasing 262 

website speed is a method in which websites can instantly improve their technology score. 263 

Increasing speed can largely be achieved by minimizing the amount of conflicting technology on 264 

the back-end server. Additionally, efforts can be made to improve front end design by enhancing 265 

ease of navigation and making websites scalable across different devices. By working with 266 

experts in user experience and user interface design, websites can address these areas. 267 

 268 

Our results show that Marketing also scored low amongst EM residency program websites. If 269 

looking for improvement, programs can work with experts in SEO in order to optimize their 270 

websites to become more discoverable via search engines. They can also increase efforts in 271 

promoting their websites via social media or other affiliated websites in order to increase their 272 

referral traffic. Promoting overall brand strength would also increase overall website traffic. 273 

 274 

When comparing our research to similar studies done on different residency programs, the results 275 

are fairly consistent regardless of specialty. Although studies evaluated websites based on tools 276 

and/or metrics that differed from our methodology, all similar studies across residencies 277 

indicated that there needs to be improvement to website presence from most institutions.19-29 278 

 279 

Our methods were a direct continuation of a study by Calvano et. al. that ranked the usability of 280 

digital healthcare center websites.1 Previous research allowed the authors to compare usability 281 

trends in healthcare, including: digital healthcare centers, hospitals, and children’s hospitals.1,12,13 282 

In previously published usability studies, Content Quality was also found to be the highest 283 

ranking category.1,12,13 Healthcare organizations as a whole have placed emphasis on providing 284 

factual consumer scientific information. Overall, healthcare websites are primarily concerned 285 

with their content and therefore neglect other aspects of usability. Technology being our lowest 286 

average ranked category was also consistent with previous research.1,12,13  This suggests a lack of 287 

importance placed on digital and information technology in the field of healthcare. 288 

The biggest difference between our findings and previous findings was that an evaluation of 289 

children’s hospital websites found Accessibility to be the lowest score category as opposed to 290 
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Technology.13 Accessibility also ranked low in other previous studies.1,12 In our study, 291 

Accessibility was found to be the second highest scoring category. It appears that EM residency 292 

programs have an increased understanding of the importance of Accessibility compared to other 293 

healthcare organizations, indicating that they may be focused on creating content that can be 294 

easily accessed and comprehended by a diverse population. However, if EM residency websites 295 

are looking to improve their Accessibility, they could focus on making their platforms easy to 296 

navigate, publish content that is easy to read for those with low literacy levels, and confirm 297 

compatibility with screen readers and magnifiers. An assumption could be made that individuals 298 

accessing residency websites likely have sufficient levels of education/literacy necessary for 299 

appropriate comprehension, and therefore this measure is unnecessary. However, one goal of this 300 

research was to promote a consistent standard of evaluation across websites, regardless of the 301 

website type. Standardization of website analysis in the healthcare sector has been neglected in 302 

many areas and this is an important practice in other industries.15–17 Additionally, it is key to 303 

have a standardized framework for understanding equity for users such as applicants who speak 304 

English as a second language (i.e. international applicants) and the family members of 305 

applicants. 306 

This data would benefit from future analysis comparing website usability between EM residency 307 

programs that were established pre-web (pre-1990) and post-web. This would address if pre-web 308 

programs are underperforming in usability metrics compared to later established programs and 309 

provide additional insight on the groups of residency programs that would benefit the most from 310 

improving their website usability. 311 

Healthcare is evolving through technology to improve quality of care while decreasing costs.35 312 

For these reasons, usability has become an important method for analyzing website presence 313 

throughout the healthcare sector, including education and medical training. With additional 314 

pressures that COVID-19 is placing on this year's application cycle and interview season, EM 315 

residency web presence has become more important than ever. 316 

Limitations 317 

The authors recognize that this study includes limitations. Perhaps the largest being the amount 318 

of EM residency websites that the authors were able to accurately analyze. Out of the 251 319 
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ACGME accredited EM residencies, only 55 met the inclusion criteria. This was primarily due to 320 

a limitation in the methods. The website analysis tools evaluate a website’s entire primary 321 

domain or subdomain while many EM residencies use a subpage of a larger domain (i.e. hospital 322 

or university). If these websites were included, data would have been generated based on the 323 

entire hospital/university’s domain, most of which is not residency related. For example, a 324 

primary domain may have an estimated domain age of 30+ years, but the EM residency subpage 325 

may have only been added 10 years ago. This would have misrepresented the data and given 326 

these subpages ranking advantages, and thus were excluded. 327 

Additionally, our sample of EM residency program websites only included each program’s 328 

official, public website. Certain programs use separate websites/blogs that allow them to 329 

circumvent institutional IT blocks. Other programs have private/password protected websites 330 

that they only make available to applicants they plan to interview. Because there is not a 331 

standardized list containing these secondary websites, they would be tenuous to find and 332 

therefore we did not include them in our analysis. Due to this limitation, we believe it would be 333 

beneficial to include these websites into future studies. 334 

A minor limitation was in the assessment of a website’s social media presence. Some websites 335 

did not have direct links to their social media profiles. In these cases, Facebook and Twitter’s 336 

self-hosted search engines were used. Oftentimes the desired page was distant from the top 337 

results. This created uncertainty as to whether all of the official social media pages were 338 

discovered and emphasizes the necessity of embedding social media links to improve user 339 

experience. 340 

An additional limitation included the measurement of website speed. This measurement can be 341 

variable with dependence on the time of data collection. Depending on the time, there may be 342 

differences in the internet connectivity or changes to the website servers or computer hardware. 343 

This bias was minimized by using the same computer and network to run all of the tools. 344 

Finally, data was collected over a span of 12 days meaning that some of the information may 345 

have changed since the initial evaluation. 346 
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Conclusion 347 

In the 2020-2021 residency application cycle, the majority of medical students pursuing EM will 348 

make residency selection decisions without physically meeting program members or seeing 349 

facilities in-person. Many potential residents will be looking to a program’s website and social 350 

media presence to gain a better understanding of their compatibility with the program. Our 351 

results provide EM residencies with areas upon which to focus improvement in website usability 352 

efforts. The need for overall refinement is highlighted by the average General Usability score of 353 

1.3. Our data has identified that Content Quality is the highest rated usability category and 354 

Technology is the lowest. We recommend that EM residency programs include periodic usability 355 

audits of their websites to make sure they are adequately performing in all categories. 356 

Abbreviations: 357 

ACGME: Accreditation Council for Graduate Medical Education 358 

ERAS: Electronic Residency Application Service 359 

SEO: search engine optimization 360 

SERP: search engine results page 361 

HTML: hypertext markup language 362 

CORD: Counsel of Residency Directors 363 

EM: emergency medicine 364 

SD: standard deviation 365 

SE: standard error 366 

 367 

References 368 

1.  Calvano J, Fundingsland Jr E, Lai D, Silacci S, Raja A, He S (in press). Website Rankings 369 

for Digital Health Centers in the USA: Applying Usability Testing for Public 370 

Engagement. JMIR Human Factor. doi: 10.2916/20721.  371 

2.  The Coalition for Physician Accountability’s Work Group on Medical Students Moving 372 

Across Institutions for Post Graduate Training. Updated Recommendations on Away 373 

Rotations for Medical Education Institutions of LCME®- Accredited, U.S. Osteopathic, 374 

and Non-U.S. Medical School Applicants. Coalition for Physician Accountability; 2021.  375 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Website Usability Analysis of US EM Residencies 

This article is protected by copyright. All rights reserved 

3.  Emergency Medicine Residents’ Association; American Academy of Emergency 376 

Medicine; Council of Residency Directors in Emergency Medicine; et al. Consensus 377 

Statement on the 2020-2021 Residency Application Process for US Medical Students 378 

Planning Careers in Emergency Medicine in the Main Residency Match; 2020. 379 

4.  The Association of Faculties of Medicine of Canada. Virtual interviews for the 2021 380 

Medicine Subspecialty Match, Pediatric Subspecialty Match and Family Medicine, 381 

Enhanced Skills Match [Internet]. 2020. Available from: https://afmc.ca/en/media-382 

releases/may-26-2020 383 

5.  Shandro J, Kessler R, Schrepel C, Jauregui J. Advising Medical Students During COVID-384 

19: The Case for a Single Emergency Medicine  Rotation for All. AEM Educ Train 385 

2020;4(3):318–20.  386 

6.  Garmel GM, Pettis HM, Lane DR, et al. Clerkships in Emergency Medicine. J Emerg Med 387 

[Internet] 2020;58(4):e215–22. Available from: 388 

http://www.sciencedirect.com/science/article/pii/S0736467919310236 389 

7.  Griffiths KM, Christensen H. Website quality indicators for consumers. J Med Internet 390 

Res 2005;7(5).  391 

8.  Huei Huang Kuan, Bock G-W, Vathanophas V. Comparing the Effects of Usability on 392 

Customer Conversion and Retention at E-Commerce Websites [Internet]. In: Proceedings 393 

of the 38th Annual Hawaii International Conference on System Sciences. IEEE; p. 174a-394 

174a. Available from: http://ieeexplore.ieee.org/document/1385584/ 395 

9.  Huang Z, Benyoucef M. Usability and credibility of e-government websites. Gov Inf Q 396 

[Internet] 2014;31(4):584–95. Available from: 397 

https://linkinghub.elsevier.com/retrieve/pii/S0740624X1400121X 398 

10.  Jeong W, Jung Han H. Usability study on newspaper mobile websites. OCLC Syst Serv 399 

Int Digit Libr Perspect [Internet] 2012;28(4):180–98. Available from: 400 

https://www.emerald.com/insight/content/doi/10.1108/10650751211279120/full/html 401 

11.  Na VR HN. An analysis of usability features of library web sites. Ann Libr Inf Stud. 2008; 402 

12.  Huerta TR, Hefner JL, Ford EW, McAlearney AS, Menachemi N. Hospital website 403 

rankings in the united states: Expanding benchmarks and standards for effective consumer 404 

engagement. J Med Internet Res 2014;16(2).  405 

13.  Huerta TR, Walker DM, Ford EW. An evaluation and ranking of children’s hospital 406 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Website Usability Analysis of US EM Residencies 

This article is protected by copyright. All rights reserved 

websites in the United States. J Med Internet Res 2016;18(8).  407 

14.  Huerta TR, Walker DM, Ford EW. Cancer Center Website Rankings in the USA: 408 

Expanding Benchmarks and Standards for Effective Public Outreach and Education. J 409 

Cancer Educ 2017;32(2):364–73.  410 

15.  Oermann MH, Lowery NF, Thornley J. Evaluation of web sites on management of pain in 411 

children. Pain Manag Nurs 2003;4(3):99–105.  412 

16.  Oermann MH, Lesley ML, VanderWal JS. Using Web sites on quality health care for 413 

teaching consumers in public libraries. Qual Manag Health Care 2005;14(3):188–95.  414 

17.  Oermann MH, McInerney SM. An evaluation of sepsis web sites for patient and family 415 

education. Plast. Surg. Nurs. 2007;27(4):192–6.  416 

18.  Mittler JN, Volmar KM, Shaw BW, Christianson JB, Scanlon DP. Using websites to 417 

engage consumers in managing their health and healthcare. Am J Manag Care 2012;18(6 418 

Suppl).  419 

19.  Liang CJ, Chen HJ. A study of the impacts of website quality on customer relationship 420 

performance. Total Qual Manag Bus Excell 2009;20(9):971–88.  421 

20.  Reilly EF, Leibrandt TJ, Zonno AJ, Simpson MC, Morris JB. General surgery residency 422 

program websites: usefulness and usability for resident applicants. Curr Surg [Internet] 423 

2004;61(2):236—240. Available from: https://doi.org/10.1016/j.cursur.2003.10.006 424 

21.  Skovrlj B, Silvestre J, Ibeh C, Abbatematteo JM, Mocco J. Neurosurgery Residency 425 

Websites: A Critical Evaluation. World Neurosurg 2015;84(3):727–33.  426 

22.  Ahmed SA, Hyman C, Eltorai AEM, Ahn SH. Evaluation of Integrated Interventional 427 

Radiology Residency Websites. R I Med J (2013) 2019;102(6):19–23.  428 

23.  Ashack KA, Burton KA, Soh JM, et al. Evaluating Dermatology Residency Program 429 

Websites. Dermatol Online J 2016;22(3).  430 

24.  Patel SJ, Abdullah MS, Yeh PC, Abdullah Z, Jayaram P. Content Evaluation of Physical 431 

Medicine and Rehabilitation Residency Websites. PM R 2019; 432 

25.  Novin SA, Yi PH, Vanderplas T, Magid D. How Well Do We Represent Ourselves? A 433 

Student-Centric Analysis of Radiology  Residency Website Content. Curr Probl Diagn 434 

Radiol 2019;48(5):427–32.  435 

26.  Miller VM, Padilla LA, Schuh A, et al. Evaluation of Cardiothoracic Surgery Residency 436 

and Fellowship Program Websites. J Surg Res [Internet] 2019;246:200–6. Available from: 437 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Website Usability Analysis of US EM Residencies 

This article is protected by copyright. All rights reserved 

https://www.unboundmedicine.com/medline/citation/31604181/Evaluation_of_Cardiothor438 

acic_Surgery_Residency_and_Fellowship_Program_Websites_ 439 

27.  Patel BG, Gallo K, Cherullo EE, Chow AK. Content Analysis of ACGME Accredited 440 

Urology Residency Program Webpages. Urology [Internet] 2020;138:11—15. Available 441 

from: https://doi.org/10.1016/j.urology.2019.11.053 442 

28.  Oladeji LO, Yu JC, Oladeji AK, Ponce BA. How Useful are Orthopedic Surgery 443 

Residency Web Pages? J Surg Educ [Internet] 2015;72(6):1185—1189. Available from: 444 

https://doi.org/10.1016/j.jsurg.2015.05.012 445 

29.  Svider PF, Gupta A, Johnson AP, et al. Evaluation of Otolaryngology Residency Program 446 

Websites. JAMA Otolaryngol Neck Surg [Internet] 2014;140(10):956–60. Available from: 447 

https://doi.org/10.1001/jamaoto.2014.1714 448 

30.  Silvestre J, Tomlinson-Hansen S, Fosnot J, Taylor JA. Plastic surgery residency websites: 449 

a critical analysis of accessibility and  content. Ann Plast Surg 2014;72(3):265–9.  450 

31.  Devi RS, Manjula D, Siddharth RK. An Efficient Approach for Web Indexing of Big Data 451 

through Hyperlinks in Web Crawling. Sci World J [Internet] 2015;2015:1–9. Available 452 

from: http://www.hindawi.com/journals/tswj/2015/739286/ 453 

32.  Kutner M, Greenberg E, Jin Y, Boyle B, Hsu Y-C DE. Literacy in Everyday Life: Results 454 

From the 2003 National Assessment of Adult Literacy.  455 

33.  Ismail A, Kuppusamy KS, Nengroo AS. Multi-tool accessibility assessment of 456 

government department websites:a case-study with JKGAD. Disabil Rehabil Assist 457 

Technol [Internet] 2018;13(6):504–16. Available from: 458 

https://www.tandfonline.com/doi/full/10.1080/17483107.2017.1344883 459 

34.  New Industry Benchmarks for Mobile Page Speed - Think With Google [Internet]. [cited 460 

2020 Aug 2]; Available from: https://www.thinkwithgoogle.com/marketing-461 

resources/data-measurement/mobile-page-speed-new-industry-benchmarks/ 462 

35.  DePasse JW, Chen CE, Sawyer A, Jethwani K, Sim I. Academic Medical Centers as 463 

digital health catalysts. Healthcare [Internet] 2014;2(3):173–6. Available from: 464 

https://linkinghub.elsevier.com/retrieve/pii/S2213076414000554 465 

 466 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Table 1. EM residency websites: Summary statistics from usability analysis. 

Category 
Mean 
(SEa) 

Standard 
Deviation 

Minimum Maximum 

Accessibility 1.9 (0.08) 0.62 0.6 3.5 

Content Quality 5.4 (0.33) 2.48 0.2 11.7 

Marketing 1.3 (0.06) 0.48 0.5 2.1 

Technology 0.7 (0.01) 0.09 0.6 0.9 

General Usability 1.3 (0.05) 0.39 0.5 2.4 
aSE: Standard Error 
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Figure 1: Sample selection criteria for EM residency websites  
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