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a b s t r a c t

Background: The Advanced Trauma Life Support® (ATLS®) course provides a standard approach to
trauma. Participants must pass the ATLS® post-test. We deployed the test online to allow ongoing psy-
chometric item analysis and potential objective refinement.
Methods: A two-phase study was undertaken with the ACS COT permission. In the first phase, ATLS®

post-test #2 was computerized and deployed using Qualtrics©. Data were collected from fourteen
courses conducted between 2014 and 2015 (n¼ 306) at one ACS AEI site. In the second phase, the same
post-test was administered to 238 trainees in 10 courses via secured computers at four ACS AEI sites in
2016.
Results: Phase 1 item analyses showed two items with very low percentages correct, and one of these
also showed a low discrimination index. Phase 2 item analyses suggested four items as candidates for
review and possible revision. We also found differences by learner background and by instructional site.
Conclusions: This study demonstrates computerized delivery of the ATLS post-test is feasible, promotes
psychometric analysis, and could improve the quality of the test. Further collaboration between the ACS
COT and ACS AEI would be beneficial.

© 2018 Elsevier Inc. All rights reserved.
Introduction

The Advanced Trauma Life Support® (ATLS®) course is designed
to teach participants a standardized method of trauma patient
evaluation and treatment. This course provides training for all
members of the trauma team and was developed by the American
College of Surgeons Committee on Trauma (ACS COT).1,2 The ATLS
course is the international standard for training trauma care pro-
viders and is mandatory for all United States surgical and emer-
gency medicine residents. Passing the ATLS course has important
consequences for the learner; thus the ATLS exam is considered to
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be a high-stakes test. As with all high-stakes tests, the ATLS exam
should be psychometrically sound.3 The ACS COT has undertaken
rigorous evaluation of ATLS since its inception.4

To evaluate the psychometrics of the ATLS post-test, test-taker
data are required. Currently, the post-test is administered via paper
and pencil, making data analysis difficult. Someone has to score the
test by hand, introducing human error into the scores. If item-level
data are to be analyzed, someonemust input the item responses for
each examinee into a database. The evaluation of item quality is a
standard practice in high-stakes testing. For example, both the
Medical College Admission Test (MCAT)5 and United States Medical
Licensing Examination (USMLE)6 have been evaluated and rede-
signed accordingly.

Evaluating the item quality can be done in part by considering
each item's discrimination and difficulty. Item discrimination is the
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degree to which test takers that score highly on the overall exam
also answer that item correctly.7 This is a point biserial correlation,
thus values range approximately from e 1 to þ1. Higher values
indicate that the item effectively distinguishes between high
scorers and low scorers. Item difficulty is themean score on the item
and represents the percentage of test takers that correctly answer
the item.7 This index ranges from 0 to 1 with easier items having
higher values.

Examining item discrimination and item difficulty values is a
critical step in the assessment evaluation process. High-stakes tests
should not be stagnant entities but rather undergo a circular use,
evaluation, and modification process. Thus, after creation, they
should be evaluated and modified appropriately to strive towards
validity and fairness. High-stakes tests such as that incorporated in
the ATLS should also be modified over time as the critical content
(e.g. evidence-based standards) or learner qualities change. In or-
der to evaluate an exam, item-level data for a large number of
learners must be collected. The overall scores for each learner are
not sufficient to calculate statistics such as item discrimination and
difficulty.

An important feature of the ATLS course is that both the
instructional curriculum and proficiency assessment are stan-
dardized. Standardization is important for consistency, fairness,
and evaluation. However, the administration of the course is
decentralized, being offered to medical practitioners with different
backgrounds by multiple instructors in diverse institutions around
the world. The collection of data from the proficiency assessments
allows monitoring of the differences in item and total scores by
background, location, and instructor. The monitoring of such dif-
ferences creates the potential to spot problems, and to identify and
capitalize upon best practices.

Thus, we created a computerized version of the ATLS post-test
using a third-party platform to easily collect and manage item-
level data. After receiving permission form ACS COT, we chose to
prove the overall concept at one institution followed by a larger
multicenter project involving members of the American College of
Surgeons Accredited Education Institutes (ACS AEI). The use of a
common platform allowed straightforward data analysis for psy-
chometric qualities of the ATLS examination as well as for score
differences in participant background and score differences across
ACS AEI testing centers.

As the ATLS proceeds to the 10th edition, a new, more Socratic
method of teaching is being introduced. The analysis of item con-
tent can help pinpoint difficulties in the new teaching model as
well as help identify best instructional practice across institutions.
As ATLS continues to grow in popularity, its audience continues to
expand beyond physicians. Item analysis can identify problem
areas for course participants with different backgrounds. Such
analysis can also provide different instructors in the same institu-
tion with feedback on their effectiveness. In other words, the
analysis of the post-test could be useful in quality assurance for the
ATLS program. We hypothesized that administration of a comput-
erized ATLS post-test would enable ongoing item analysis that
could show differences in item responses by instructional site and
by participant background.

Material and methods

Participants

Phase 1. Data were collected from ten ATLS® Provider and four
ATLS® Refresher courses conducted between 2014 and 2015 at the
USF Health Center for Advanced Medical Learning and Simulation
(CAMLS). All courses were taught by the same course director. A
total of 306 participants completed the computerized post-test. The
majority of the participants were attending physicians (54%), fol-
lowed by resident/fellows (38%), and advanced practitioners (8%).
Phase 1 provided a relatively large sample of participants as the
basis of stable estimates of item difficulty and discrimination.

Phase 2. Participants in this study were 238 ATLS course par-
ticipants enrolled in 10 courses at four AEI sites from
MarcheSeptember 2016. The participating sites were the Univer-
sity of South Florida Health Center for Advanced Medical Learning
and Simulation (CAMLS; n¼ 135, 6 courses), Athens University
Medical School (Athens; n¼ 52, 2 courses), Lewis Katz School of
Medicine at Temple University (Temple; n¼ 31, 1 course), and
Eastern Virginia Medical School (EVMS; n¼ 20, 1 course). Both
refresher and two-day course learners were included in the sample.
Participants included attending physicians (n¼ 82), advanced
practitioner (physician assistants and nurse practitioners; n¼ 21),
and residents (n¼ 135).

Procedure

The American College of Surgeons Accredited Educational In-
stitutes (ACS AEI) sites were invited to participate in the study
because of their emphasis on education relevant to ATLS. Since it
launched in 2005, ACS AEI has set standards for how surgical ed-
ucation and training should be offered at Accredited Education
Institutes. The Institute's ultimate goal is to promote patient safety.
AEI members may evaluate the impact of education through long-
term follow-up of learners and investigate how best to incorporate
aspects of surgical research into surgical education.8 Therefore, the
collaboration of several ACS AEI member Institutes to investigate
the psychometric properties of the ATLS examination follows
directly from the goals of the organization.

The studies were determined exempt by the USF IRB. Permission
to conduct the multi-site study was also received from the ACS
Committee on Trauma and the ACS AEI Research and Development
Committee. At the 2016 ACS AEI annual meeting, we convened
interested AEI sites. For both studies, the ATLS® post-test #2 was
deployed on secured, monitored computers using Qualtrics© soft-
ware. There was no increased cost as each center had computers
currently in use and the software was provided by the researchers.
Test datawere collected from regular participants in ATLS classes in
collaborating sites as an ordinary part of the course (March-
eSeptember 2016); the only difference from the status quo was
that the tests were administered online rather than on paper. Data
were subsequently downloaded at CAMLS for analysis. All analyses
were conducted using SPSS (study 1 used version 22; study 2 used
version 24).

Results

Overall. There were no reports of lost data, compromised post-
tests, or course deployment delays for online administration;
thus, all enrolled learners' datawere usable. The ATLS passing score
is 70%. Phase1 participants' mean score was 32.25 (81%; SD¼ 3.87).
Phase 2 participants’ mean score was 31.50 (79%; SD¼ 3.65).

Differences by site. Phase 1 concerned only a single site. For Phase
2, analysis of variance (ANOVA) revealed that score means differed
significantly between sites [F(3,237)¼ 3.25, p¼ .02, h2¼ 0.04]. A
post hoc Tukey test showed score means between two sites, CAMLS
(M¼ 31.96) and Athens (M¼ 30.17) differed significantly (p¼ .01).
Mean differences were not significantly different for learners at
Temple (M¼ 31.94) or EVMS (M¼ 31.25).

Differences by background. For Phase 1, ANOVA revealed signif-
icant mean differences in post test scores [F(2,303)¼ 15.86,
p< .001]. Specifically, the mean score for attending physicians
[M¼ 32.79 (82%), SD¼ 3.49, n¼ 175] was not significantly different



Fig. 2. A scatterplot of item difficulty indices for Phase 2 residents and attending
physician examinees indicating which items showed passing and failing percentages
for each group.
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from the mean of residents/fellows [M¼ 31.94 (80%), SD¼ 3.74,
n¼ 104], while the mean score for advanced practitioners (PA,
ARNP) was significantly lower [M¼ 28.74 (72%), SD¼ 4.71, n¼ 27].

For Phase 2, significant differences between all professional
groups’ mean scores were evident [F(3,237)¼ 12.98, p< .001;
h2¼ 0.10]. Advanced practitioners scored lower (M¼ 28.43; 71%)
than attending physicians (M¼ 32.66; 82%; p< .0001) and resi-
dents (M¼ 31.28, 78%; p< .01). In turn, residents on average scored
lower than attending physicians (p< .05). Thus, the pattern of re-
sults for training background is similar for both studies.

Figs. 1 and 2 show scatterplots of item difficulties for each of the
40 items in the test. Fig. 1 shows the relations between item diffi-
culties comparing residents to advanced practitioners; Fig. 2 shows
item difficulties from residents and attending physicians. The fig-
ures also include reference lines at 0.7, which is the passing pro-
portion for the test as a whole. The reference lines split the figures
into four quadrants. In the bottom left quadrant, both groups fail
the item on average. In the top right, both groups pass the item. The
other two quadrants show items that only one of the groups passes.
Both graphs are based on data from Phase 2, so data are aggregated
across multiple sites. The numbers next to the circles indicate the
item number on ATLS post-test 2. As can be seen in Fig. 2, five items
show proportions correct of less than 70% for both residents and
attending physicians (those five items also show less than 70% for
the advanced practitioners). Fig. 2 shows that there are several
items that the attending physicians have mastered, but where the
residents show less than 70% correct. Similarly, Fig. 1 shows a series
of items that advanced practitioners find problematic, but residents
do not. By cross referencing this data with Table 3, we can now
focus not only on the underperforming question but also the con-
tent theme of these questions.

Psychometrics. Difficulty and discrimination indices for the both
the Phase 1 and Phase 2 total samples are shown in Table 1. As can
be seen in Table 1, item statistics were stable across the two studies.
Item difficulty was measured by calculating the item mean and
item discrimination was measured using the corrected point-
biserial correlation. Difficulty and discrimination indices, by site,
for four underperforming items are shown in Tables 2 and 3
Fig. 1. A scatterplot of item difficulty indices for Phase 2 residents and advanced
practice examinees showing passing and failing percentages for each group.
respectively. Phase 1 also flagged the same four items as unusu-
ally difficult, although only Item 1 showed a consistently poor
discrimination index (Tables 2 and 3).
Discussion

This study illustrated the usefulness of computerized deploy-
ment of the ATLS post-test. Our item analysis proved easily appli-
cable across multiple instructional sites and identified four
questions as canditates for revision. We also found differences
among instructional sites and learner backgrounds consistent with
our hypotheses. In what follows, we discuss the main findings plus
additional practical details, mention limiations of the study, and
provide suggestions for further research. We also relate our find-
ings to those of previous investigators.9,10
Differences in item and total test scores

One interesting finding concerned score differences between
professional groups. In phase one of our study, attending physicians
and residents scored higher than other providers. In the second
phase, attending physicians also had higher scores than the resi-
dents. Although such a finding is not very surprising, it does suggest
that some groups may require more preparation than others. Ex-
amination of the items that are answered correctly by more than
70% of one group, but less than 70% of another group (e.g., items 4, 8
and 34) suggest that specific on-the-job experiences may explain
the differences in performance on the items. Such an analysis
shows how data might be used to identify problem areas for
different groups of examinees.

Much of our analysis focused on item scores. However, total test
scores are also of interest and online data collection facilitates
comparisons of total test scores by participant background (as we
mentioned) as well as by site, by instructor, and perhaps other
characteristics of instructional or participant characteristics. With
regard to site, a difference of approximately four percent was seen



Table 1
Analysis of ATLS test items. Difficulty and discrimination indices for each item in post-test#2 (Phase 1, N¼ 306; Phase 2, N¼ 238).

Item Phase 1 Phase 2

Item Difficulty Item Discrimination Item Difficulty Item Discrimination

1 .10 0.05 .12 .04
2 .82 0.23 .86 .22
3 .61 0.13 .55 .16
4 .76 0.17 .70 .16
5 .95 0.10 .92 .12
6 .97 0.10 .95 .00
7 .83 0.31 .86 .19
8 .85 0.16 .72 .14
9 .89 0.11 .88 -.01
10 .94 0.15 .90 .04
11 .90 0.23 .89 .23
12 .79 0.23 .72 .18
13 .92 0.10 .95 -.04
14 .75 0.18 .70 .15
15 .79 0.21 .78 .17
16 .73 0.16 .73 .15
17 .94 0.24 .95 .19
18 1.0 0.00 1.0 -.01
19 .85 0.25 .89 .18
20 .62 0.15 .66 .10
21 .83 0.31 .79 .24
22 .85 0.24 .87 .07
23 .91 0.07 .90 .08
24 .97 0.17 .93 .24
25 .64 0.20 .54 .12
26 .94 0.24 .96 .24
27 .99 0.02 1.0 .01
28 .37 0.21 .47 .15
29 .80 0.27 .72 .33
30 .81 0.22 .84 .11
31 .81 0.13 .74 .13
32 .91 0.23 .88 .25
33 .75 0.27 .74 .26
34 .77 0.17 .67 .17
35 .89 0.14 .89 .10
36 .91 0.14 .92 .13
37 .64 0.23 .62 .24
38 .89 0.27 .85 .20
39 .92 0.14 .87 .15
40 .62 0.28 .61 .13
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between mean scores for two sites, CAMLS and Athens. Differences
in mean scores across sites do not allow us to conclude why the
differences exist; they merely serve as a flag to investigate possible
reasons. However, routine data collection allows the development
of norms and comparisons across sites that would likely be of in-
terest to the sites as feedback concerning where they stand relative
to other sites offering ATLS instruction. Thus, such analysis provides
a second example of how computerized data collection can support
quality assurance for the ATLS program. Another important aspect
of quality assurance is the review of the quality of the test items,
which we address next.
Table 2
Difficulty indices for four underperforming items on post-test#2 by site.

Item USFa Athensa Templea EVMSa Totala USFb

(N¼ 135) (N¼ 52) (N¼ 31) (N¼ 20) (N¼ 238) N¼ 306

1 .02 .33 .16 .20 .12 .10
3 .60 .40 .65 .40 .55 .61
28 .37 .42 .58 .35 .47 .37
40 .61 .63 .48 .65 .61 .62

Note. USF ¼ University of South Florida Center for Advanced Medical Learning and
Simulation; Athens¼ Athens University Medical School; Temple¼ Lewis Katz
School of Medicine at Temple University; EVMS and Eastern VirginiaMedical School.

a Phase 1.
b Phase 2.
Item analysis

Item analysis revealed four problematic itemswhich suggest the
post-test may need revision. For example, item one had a difficulty
index of 0.12 which indicates that only 12% of learners correctly
answered this item. ATLS post-test questions contain 5 answer
options, therefore the chance of learners randomly guessing the
answer is 20%. It is important to note that low item difficulty may
be caused by several factors. First, the item could cover difficult
material that the learner needs to know. A low item-difficulty on
such an item is acceptable on technical grounds. However, such an
Table 3
Discrimination indices for four underperforming items on post-test#2 by site.

Item USFa Athensa Templea EVMSa Totala USFb

(N¼ 135) (N¼ 52) (N¼ 31) (N¼ 20) (N¼ 238) N¼ 306

1 .00 .35 .04 .06 .04 .05
3 .11 .25 .17 -.02 .16 .13
28 .22 .42 -.01 .08 .15 .21
40 .21 .00 .16 .10 .13 .28

Note. USF ¼ University of South Florida Center for Advanced Medical Learning and
Simulation; Athens¼Athens University Medical School; Temple¼ Lewis Katz
School of Medicine at Temple University; EVMS and Eastern VirginiaMedical School.

a Phase 1.
b Phase 2.
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outcome means that the instruction has not resulted in participant
mastery of the material covered by that item. In other words, such a
result indicates that the need for training remains e the partici-
pants’ knowledge or performance gap has failed to close. Second,
low item difficulty might also be caused by a confusing item that
learners are answering incorrectly for reasons unrelated to their
knowledge. Such items are undesirable and should be rewritten or
removed. Finally, low item difficulty might also occur when the test
item addresses material that was not covered in the course. If the
mastery of such material is critical, then the course content should
be modified. If the material is not critical for the learner to master,
then the item should be removed. Due to its many antecedents,
item difficulty scores should always be interpreted within the
context of the assessment and other statistics.

The item discrimination index offers some insight as to whether
there may be something wrong with the question or whether
learners just failed to remember the pertinent information. Item 1
also demonstrated an extremely low item discrimination (0.05 in
the first sample, 0.04 in the second), which indicates that high-
performing learners are no more likely to choose the correct
answer than low-performing learners. Subsequent investigation of
item one reveals that 87% of learners chose the same incorrect
answer. Additionally, as shown in Tables 2 and 3, these low indices
are replicated across testing sites. These findings suggest item one
is a poor item and a good candidate for revision. Additionally, due to
low difficulty and discrimination values, items three, twenty-eight,
and forty should also be reviewed by subject matter experts. The
identification of several problematic items on ATLS post-test #2
suggests that the test is in need of revision, which is a normal,
critical process for all high-stakes tests.

On the other hand, if the five items that show difficulty indices
less than 0.70 are markers for important information and also
technically adequate, then they provide information about where
the instruction could be improved, again providing information for
quality assurance.

Hardware and software

Computerized testing requires infrastructure. The contributing
sites for this study all had their own computers and access to the
online survey software for test delivery. We did not encounter any
problems using third-party software (Qualtrics©) to administer the
post test and to collect the data from multiple sites. The study
demonstrates data collection in multiple locations without
compromising the high-stakes exam. However, for sites that do not
currently own enough computers to test all course participants,
tablet computers with internet browsers are sufficient to the pur-
pose. Such tablets may be purchased relatively inexpensively (at
the time of this writing, approximately $250 per tablet) and each
site would require approximately eight to twelve tablets (enough
that each participant can use a single tablet). Just as for laptop and
desktop computers, it is possible to buy 3-year service agreements
for the tablets, but it is up to the institution to decide whether the
money spent on the service agreement is worthwhile. It may also
prove worthwhile to buy a cart for recharging the tablets assuming
the table is the course of action that your organiation pursues.
Various options are available to enhance both test security (e.g.,
lockdown browsers) and tablet theft prevention (e.g., GPS locators).
We do not allow participants to use their own devices (computers,
tablets or phones) because of test security. The cost of Qualtrics
(survey software) depends upon how much it is used and whether
the package is purchased through an academic institution. Aca-
demic instutions may already have established software licensing
agreements because the software is used for a variety of research
purposes. Estimated cost for the basic software package is five
thousand dollars per year, although adding capabilities to the
software can increase the cost.

Results in context

The ACS COT strives to ensure ATLS is rigorously examined and
improved. Before deployment of the ATLS 9th edition, the ATLS
subcommittee worked with international trauma experts to assure
the multiple-choice questions performed well both in relation to
test specification matrix and item analysis. However, all beta-
testing involved ATLS experts. They concluded further research
using student data would be required.4 Data collection such as that
described in the paper would greatly facilitate such research.

Mobily and colleagues studied student learners across two sites
in the US. They found increased failure rate among learners with
the following characteristics: age greater than 55, English as a
second language, pretest score less than 75, and non-trauma/
emergency medicine backgrounds.9 However, no item analysis
was performed on this cohort. Such an analysis could provide
insight about whether particular items and their content domains
are disproportionally difficult for specific groups of learners.

Not only have the learners and their test results been analyzed
but also the ATLS instructors have been researched; Germany
reviewed their experience deploying ATLS nationwide from 2008 to
2012. Their results pointed to instructor quality improvement in
teaching during the first 100 lessons taught.11 Computerization of
the test makes tracking of instructor performance much less
laborious.

The ACS AEI created a consortium of simulation centers with
high standards to collaborate and share best practices. There are
currently ninety-three accredited institutes worldwide. They hold
yearly international meetings for surgical educators to share
educational research, collaborate on curriculum development, and
foster faculty development.8 A recent needs assessment performed
by the Association of Surgical Education found surgical educators
very interested in qualitative methodology and data analysis.10 This
ACS organization is ideal for collaborative research endeavors in
this arena.

Study limits and future research

The current study evaluated the psychometrics of only the ATLS
post-test version #2. Alternate versions should be separately
examined following the same methodology. Additionally, the cur-
rent study is also limited by the small number of participants at
several sites and the inclusion of only one international site. Going
forward, ATLS will continue to provide necessary trauma educa-
tion; inclusion of sites beyond ACS AEI would allow analyses that
could inform local, state, and regional quality assurance programs.
Additionally, a larger number of international site participants
would allow for comparison of item functioning in different cul-
tures. Thus, future work in this area should include a larger
collaborative initiative between the ACS COT and ACS AEI for
deployment of this methodology to continue ATLS post-test per-
formance improvement.

ATLS instruction is not limited to ACS AEI sites. Other sites of-
fering ATLS instruction should be included in further research and
application of computerized test administration. Research should
also address some of the other aspects of quality assurance, such as
how best to provide feedback to instructors and to institutions
about their instructional outcomes.

Prior presentation

Portions of this paper were described during poster
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presentations during the ACS Accredited Educational Institute Na-
tional meeting in March 2016 in Chicago, Illinois and in March 2017
in Chicago, Illinois.
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