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ABSTRACT

So far the in-training assessment of knowledge is perhaps underrepresented in postgraduate assessment frameworks in
intensive care medicine (ICM). In most contemporary training programs a predominant emphasis is placed on workplace
based learning and workplace based assessment. This article provides a concise general background on the nature and use
of progress testing, and touches upon potential strengths, and constraints regarding its potential implementation and use
in the postgraduate ICM training programs.
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Semi-recently there has been a progression
towards defining curricula in terms of edu-
cational outcomes through competency-based
training.! Since significant differences exist
between specialties, the specialty-specific tai-
loring of the general competency framework is
relegated to specialty-specific committees. In
the UK, a comprehensive competency-based
training program for intensive care medicine
(ICM) was developed in 2001.2 In 2006, the
CoBaTrICE program published competen-
cies for an international training program in
ICM.3 The latter were endorsed by the Euro-
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pean Union of Medical Specialists (UEMS)
in 2008. A national training and assessment
program for ICM training can subsequently be
constructed based on this competency frame-
work regarding knowledge, skills and behav-
ior. Although UEMS acknowledges that some
of the knowledge and skills of ICM are uni-
versal to many medical and surgical specialties
(and are herein trained and assessed), in-train-
ing- assessments in ICM should nevertheless
include formative and summative assessments,
respectively to encourage learning and provide
evidence of the achievement of competence.
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End-of-training, summative assessment in the
Netherlands is currently performed using the
two-part European Diploma in Intensive Care
format (EDIC) consisting of a theoretical,
knowledge part I, and an oral/clinical part II.
Assessment-in-training is mainly performed
during workplace-based, formative assess-
ments.# Details regarding each separately de-
fined knowledge, skills and attitude item is
found on the CoBaTrICE website. Since, in an
international perspective, different ICUs offer
varied opportunities for assessment, CoBa-
TrICE provides general assessment guidance
rather than a proscriptive pathway, allowing
details of the assessment process to be estab-
lished at a national level. Knowledge testing
during ICM training in the Netherlands is so
far neither a mandatory nor integrated part
of all local training programs. Nevertheless,
the UEMS advocates in-training evaluations
of knowledge with multiple choice questions
(MCQs) of viva voce.5 The formal assess-
ment of knowledge in ICM in the Netherlands
seems underrepresented, with a predominant
emphasis on workplace based learning and as-
sessment.4 Recently it was re-emphasized that
“Expert problem solving cannot take place
without a well organized knowledge database
and requires expert knowledge” .5 7 Participa-
tion by engaging in deliberate practice, learn-
ing by doing, should thus be complemented by
some kind of knowledge testing.8 A frequently
used method for testing knowledge aspects
during medical training is the so called prog-
ress testing. Progress testing involves the prin-
ciple of longitudinally and repeatedly testing
of trainees’ knowledge.® Progress testing is
based on the application of subsequent equiva-
lent, yet different tests, after which the aggre-
gation of the derived data is used as an indica-
tor of the growth of the (functional) medical
knowledge of the candidate. Whereas each
individual progress test provides feedback to
the learner regarding areas of strengths and
potential improvements and thus contributes to
assessment for learning, the aggregated results
over a predefined timeframe are also used for
summative purposes, on which pass fail deci-
sions can be based. Extensive discussion of the
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more generic aspects of assessment in general
and programmatic assessment specifically is
beyond the scope of this article, and is sum-
marized elsewhere.$: 10. 11 Although primarily
developed and used for undergraduate medical
education,® one might wonder whether prog-
ress testing can and should also be applied to
postgraduate training in general, and intensive
medicine training programs in particular as
part of a framework of programmatic forma-
tive and summative assessment.!%. 1! The next
sections will consecutively touch upon the
potential strengths, constraints and remaining
questions regarding the scientific background,
practical use and implementation of systemic
progress testing frameworks in general,® 12 and
in postgraduate medicine specifically.

What is progress testing?

When progress testing is applied to under-
graduate medical education, the questions aim
to represent relevant knowledge at the gradu-
ate level (the level students’ should master
at graduation). Each test provides a compre-
hensive sample of questions covering broad
domains of relevant medical knowledge. The
framework for the assessment of competence
and performance as proposed by Miller 13 is
often used to illustrate the relative position and
use of commonly assessment instruments in
medical education, and is visualized in Figure
1. Questions used in progress testing prefer-
ably aim at the functional level of students’ (so
called applied) knowledge, thus level 2 (not the
base) of Miller’s pyramid.!3 For comparison in
a longitudinal fashion, multiple equivalent, but
different assessments are used, often resulting
in a number of sets per year throughout the en-
tire training program. The production of each
separate test is centrally coordinated, reviewed,
administered and analyzed. Since each assess-
ment aims at testing the knowledge that should
have been incorporated at the end of medical
school, it is relatively independent on the lo-
cal training program and curricula, and can
therefore be used in “a multi-centre collabora-
tive production and administration framework
thus reducing, costs, increasing efficiency,
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-Factual knowledge,
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Figure 1.—The framework for assessing competence as proposed by Miller: Miller’s pyramid.!3

and allowing for constant benchmarking”.9 In
medical school each progress test is therefore
completed by all students in all year classes.
Although knowledge gradually increases
when applying progress testing to all years of
training, this is obviously also accompanied
with occasional peaks and troughs,® these be-
ing damped when progress testing is summa-
tive in nature.!4 Since all years of students are
assessed, the most junior students will have
difficulty answering most questions, leading
to guessing. To discourage this phenomenon a
correct-minus-false formula scoring system as
well as a question mark option are offered. A
drawback of offering a question mark option is
that it decreases psychometric performance.?
After completion of each test, the individual
assessment results are aggregated numerically
and graphically to provide an overview about
the overall growth of the individual student’s
knowledge as compared to this student’s peers,
and forms the basis for a decision on progress-
ing to the next year in medical school.!5 Ad-
ditionally, both the trainee and the training
program director thus receive feedback on
performance, respectively on an individual
and institutional curriculum level, after each
separate test.

Vol. 82 - No. 6

What can one expect from progress testing?

It is clear that a progress test use is a unique
and demonstrable measurement of the growth
of knowledge as well as the effectiveness of
knowledge gathering,!? measuring both pro-
cess and outcome. In addition, progress test-
ing has a positive influence on learning, caus-
ing students to study more continuously while
building a better foundation of knowledge,!¢
that retains over the years.” It can easily be
envisaged that in the view of the comprehen-
siveness of the test, strategic preparation for
progress testing is difficult, and continuous
learning remains as the most optimal prepa-
ration.? Test-driven strategies are thereby dis-
couraged, or rendered useless.

Furthermore, it is generally assumed that
less examination stress is experienced when
using progress testing. In progress testing a
single bad result does not directly have conse-
quences in the perspective of a previous series
of good results; this has indeed been reported
to provide little or only moderate stress in the
majority of participants.!” Resits for a one-off
unsatisfactory result are therefore also unnec-
essary,? another practical advantage. Howev-
er, a series of poor test results can compara-
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bly not be compensated by a single positive
result, and subsequent resits, remediation at-
tempts, and alternative testing approaches are
all stressful events for students with such ex-
periences.?

Looking at progress testing from a medical
education perspective, the longitudinal aggre-
gation of results adds to the reliability of the
decisions based on progress testing, and the
sampling properties of progress testing have
proven more important than the test’s struc-
ture. There is a trade-off between frequency
and number of questions (items) in the test.
Examples of this phenomenon are e.g. pub-
lished by Rickets for a progress test frame-
work example in the United Kingdom (e.g. 2
tests of 200 items per year yields more reliable
results than 5 times year 100 items).!8 More
frequent sampling is not simply always better,
increases in quantity does not automatically
contribute to quality. A comparable analysis
was performed by Wrigley et al. for the Maas-
tricht progress testing. In the more advanced
years of medical school training a reliability of
0.9 was reached using 4 tests per year of 200
questions each.12

However, determining what constitutes the
content and nature of the items in the progress
test is even more difficult and important than
setting the frequency of tests and the number
of questions per test. What knowledge is con-
sidered relevant, and necessary at graduation
level, and what knowledge should be regarded
as e.g. too focused, in-depth knowledge for
example to be gathered during additional post-
graduate training remains challenging how-
ever.” The same is true regarding insurance of
the equivalence of the individual assessments
within a time frame.® 4 The recent guide on
progress testing by the Association for Medi-
cal Education in Europe (AMEE) summarizes
such issues stating “Multiple choice question
tests in medicine... show considerable sensi-
tivity for “construct-irrelevant variance”,12: 19
and examples include items judged to reflect
non-core medical knowledge, use of flawed test
items and imprecise terminology (the former
resulting score lowering of up to 15%!),20. 21
and variation of test difficulty.!2 Thus attention
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should be paid to ensure consistency and uni-
formity regarding progress test construction,
content, administration, testing conditions
and scoring procedures.!2 For this purpose the
AMEE guide describes an empirically based
systematic framework for progress test prac-
tices.12 So far considerable variation in both
content and application of progress testing
is noticed.!? However, a common denomina-
tor is formed by the necessity of establishing
consensus on a ‘blue print’ representing the
end-of-training objectives, thereby providing
clarity on the topics and subjects assessed.
However, in depth discussion of these recom-
mendations is beyond the scope of this paper.!2

Finally it should be noted that the con-
text in which progress testing is used may at
least partly determine its use and outcome.’
The progress test is always part of a system-
atic, programmatic approach to assessment in
which it is only one out of different methods
used. Progress testing is complimentary to, but
not a substitute for the use of other assessment
instruments.®

Once the abovementioned constraints have
been addressed, collaboration between institu-
tions regarding production and administration
of the (same) progress test is feasible due to the
curriculum independence.% 22.23 This strategy
obviously contributes to cost-effectiveness.’
Notwithstanding its current popularity in un-
dergraduate medical education.? 12, progress
testing is so far neither an integral part of ICM
training, nor of many other postgraduate (resi-
dency) training programs.

Progress testing in ICM training?

Comparable to changes in undergradu-
ate medical training, developmental shifts
towards competency-based residency train-
ing programs are observed,2428 in attempts to
“assist future specialists in responding to the
innumerable challenges as health-care pro-
viders-...- while providing the best specialty
care”.24-28 Under the aegis of the European So-
ciety of Intensive Care Medicine (ESICM), the
Competency-Based Training program in Inten-
sive Care in Europe (CoBaTrICE) identified
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12 competency domains for ICM in 2006.2°
Likewise, the contemporary training program
for ICM in the Netherlands is currently under-
going major reform. Although initial develop-
ments in competency based training empha-
sized practice-oriented teaching and learning,
and knowing how to use resources adequately,
the pivotal role of a well-organized knowledge
database as a contributor to medical expertise
is now again focus of attention.3? Medical ex-
pertise indeed appears to be based on a doc-
tor’s well developed, highly structured and
re-shapeable knowledge networks.3132 Since
focus beyond postgraduate training is likewise
on lifelong and active learning, assessment of
long term retrieval and structure of knowledge
such as progress testing could potentially play
a contributory role in the postgraduate train-
ing programs or even beyond.32 Furthermore,
it has indeed been hypothesized that the sort of
knowledge transferred during every day train-
ing differs from that tested using written tests:
experience based knowledge and evidence
based knowledge.33

Prior research has revealed that undergradu-
ates and junior physicians in the UK, Europe
and the US alike, in general lack knowledge
in many aspects of acute care,3* although for-
mal training in this field has notably improved
since then.35 The CoBaTrICE competency
framework, using an “empirical competency
based approach rooted in everyday practice
at the bedside” 3¢ does not provide a detailed
description of the nature and level of specific
knowledge required during each stage and at
the end of ICM training. In 2011 the CoBa-
TrICE collaboration defined international stan-
dards for programs of training in ICM. Regard-
ing assessment each training program should
incorporate clear assessment processes, focus-
ing on the workplace and providing structured
feedback; assessment of knowledge is not spe-
cifically addressed.3” In 2009, the CoBaTrICE
collaboration reported that only 50% of Euro-
pean national coordinators for ICM training
performed in-training assessment using formal
structured assessment of knowledge, skills and
attributes during routine clinical activities.33
In our experience formal knowledge testing in
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the Netherlands during routine clinical activi-
ties using workplace based assessment tools is
extremely limited, if not absent. In contrast,
most European countries, including the Neth-
erlands, require trainees to complete an ex-
amination at the end of training, of which the
format and content varies; oral examination,
MCQ and clinical examination have been re-
ported to be used most commonly (96%, 69%,
46% respectively).35 The current format of the
European Diploma of Intensive Care Medicine
(EDIC) combines two assessment methods:
MCQ and an objective structured assessment,
is the only international examination available,
but is so far used only in a minority of Euro-
pean countries, often without a requirement to
pass for certification.36

Apart from necessity of knowledge testing,
the duration of ICM postgraduate training is
another aspect to consider from a feasibility
perspective. Although the format and the dura-
tion of intensive care training vary between Eu-
ropean countries, the most common duration is
24 months (for half the countries participating
in the CoBaTRICE collaboration, range 10-60
months),35 a time frame in which a progress
testing framework could be adequately fitted.

Thus, considering the potential for improve-
ment of in-training assessment of ICM knowl-
edge in the European training programs, intro-
duction of a progress test in ICM thus seems
worthwhile considering. In this perspective,
results and conclusions from previously pub-
lished studies on progress testing in other
postgraduate training programmes should be
acknowledged.

Examples of progress testing
in postgraduate training

Unfortunately, an absence of studies on
progress testing in postgraduate ICM training
can be noted. Nevertheless, some outstand-
ing examples of analysis of progress testing
in other postgraduate training programs, such
as general practice, obstetrics and gynecology,
radiology and osteopathic surgery are notice-
able, and consecutively discussed in the sec-
tions below.
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General practice

Progress testing in postgraduate medicine
has most extensively been studied in the gen-
eral practice training programs, e.g. in the
Netherlands and Belgium.3338-40 For example,
the Dutch Knowledge Test for General Prac-
tice is a written test administered to all train-
ees in the Netherlands three times a year, and
consists of 80 patient cases with a total of 160
items, with a true-false-don’t know response
format. The test format and questions content
were found to be highly liked and the major-
ity of items (80%) was considered transferable
between the Netherlands and Belgium.40 The
construct and content validity of the test was
found to be satisfactory, assessing knowledge
closely related to the GP’s daily work.38 Re-
liability (Cronbach’s alpha) was 0.61 to 0.76
and remained stable between 1992 and 1999.39
When comparing the previous two-year cur-
riculum to the newly introduced three-year
curriculum, the latter resulted in a higher level
of knowledge compared to the former.3°

Obstetrics and gynecology

Dijksterhuis et al. evaluated the validity and
reliability on 10-year data of a national prog-
ress test in Obstetrics and Gynecology train-
ing in the Netherlands, a test consisting of 150
questions (true false, later single best option
MCQs) taken at a yearly interval.? Validity and
reliability using this framework proved unsat-
isfactory. Several suggestions for improvement
were provided including e.g. the inclusion of
only relevant items, with a correct item format
preferably constructed to reflect medical exper-
tise and/or case based questions in an item bank
and increasing sample size or test frequency.’

Radiology

Ravesloot et al. studied the quality of prog-
ress testing in radiology (the Dutch Radiology
Progress test) over a five year period in the
Netherlands, a test which is taken every half
year, and consists of 200 questions (true-false-
don’t know).4! The test monitors both knowl-
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edge items and visual skills items. Reliability
and validity were high. After the fourth year of
training no significant increase in test scores
on knowledge could be measured on most
tests. A comparable pattern was found for the
visual skills.4!

Osteopathic surgery

Shen et al. reported on the results of four-
year experiment of the American College of
Osteopathic Surgeons Resident Examinations.
The once-a-year test consisted of 300 one-best
answer items. Reliability was high and varied
between 0.87 and 0.90 for each of the exams.42

In summary, progress testing for postgradu-
ate training has significant potential, and if
taken test construction properties into account,
appears feasible and acceptable. So far pi-
lot studies in ICM are thus lacking. One may
wonder however, whether ICM trainees actu-
ally perceive a need for formal assessment in-
cluding knowledge testing.

Perceived need for more formal
knowledge testing by ICM trainees?

Knowledge aspects are considered prereq-
uisite for practice under supervision, as well
as independent practice after graduation.2®
Surprisingly, medical knowledge and techni-
cal skills were not mentioned by ICM trainees
as the most important aspects of intensivists’
professionalism in a nationwide Dutch study.43
One could therefore speculate whether gath-
ering and retaining knowledge and mastering
technical skills become more tacit, are more
implicitly (versus explicitly) considered im-
portant when a resident advances and becomes
progressively independent.#4.45 One could also
wonder whether many of the technical dimen-
sions of tacit (applied medical) knowledge are
largely incorporated during prior specialist
training and early ICM training, whereas the
development of other aspects, like e.g. the cog-
nitive dimension of tacit knowledge (beliefs,
perceptions, values, emotions) is catalyzed in
the intensive care unit (ICU) due to its specific
context by reflective and deliberate practice
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and assessed by means of workplace based as-
sessment methods.#3 In another Dutch study
exploring the value of different professional-
ism elements to trainees in ICM, striving for
excellence was found to be the most important
factor, which included a good knowledge base
and technical skills.46 These do provide some
indirect evidence for the importance of ad-
dressing knowledge gathering. Combined with
the trainees’ non-specific request to increase
the use of formal teaching courses, progress
testing could perhaps fill an important void
here. Preliminary thoughts and a proposal for
a (hypothetical) framework for progress test-
ing in the [CM training program in the Nether-
lands are provided in the Appendix.

Conclusions

In the contemporary era of competency
based training, knowledge gathering and test-
ing should neither be forgotten nor ignored.
Although reports on the application and useful-
ness of progress testing in postgraduate train-
ing are not numerous, progress testing never-
theless seems a possible and promising useful
and feasible adjunct to the current and future
competency based ICM curricula. Scaffolding
of implementation of progress testing in ICM
can be performed using existing frameworks
as a starting point. European collaborative ef-
forts regarding the transferable test format and
content are worthwhile to consider.

Key messages

— Expert problem solving cannot take
place without a well organised knowledge
database and requires expert knowledge.

— In-training assessment of knowl-
edge is underrepresented in postgraduate
assessment frameworks in intensive care
medicine, with a predominant emphasis on
workplace based learning and assessment.

— Progress testing appears to be a
promising useful and feasible adjunct to
the current and future competency based
intensive care medicine curricula.
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Appendix I.—Some preliminary thoughts on a blue print for
progress testing: a hypothetical framework for the Intensive
Care Medicine training program in the Netherlands

Intensive care medicine (ICM) training in the Neth-
erlands is scaffolded into a so-called multi-subspecialty
model. Apart from trainees from internal medicine and
anesthesiology, an increasing number of colleagues
have a background in cardiology, pulmonary medicine,
and neurology. The training program lasts two years.
Knowledge on ICM specific aspects of care is expected
to be acquired during these two years, whereas knowl-
edge aspects of medicine in general and the subspecialty
specifically are expected to be acquired during training
prior to ICM training. Progress testing in ICM should
thus specifically focus on aspects of ICM. Progress test-
ing aims at providing formative feedback to the trainees,
although it can be imagined that at the end of the two
year training program, the individual’s results could aid
in making summative decision regarding certification.
Progress testing thus fits into a framework of program-
matic assessment including workplace-based assess-
ment, progress testing and end-of-training assessment,
for example using the European Diploma in ICM format.

Items pertaining to aspects of ICM be constructed by
the staff members (and their consultants if necessary)
of all nine ICM training centers in the Netherlands,
and deposited in a national item bank. The paper-based
testing will be performed using a 3 to 4-times a year
testing frequency, each time with 200 not recently used
multiple choice questions with (scenario-based) single
best option response format. The test is administered
in a central location, preferably during regular national
educational activities for the intensive care trainees. The
maximal duration of the test is four hours. After the test,
the answers to the questions in the test are provided, so
the trainee can study the literature provided for ques-
tions wrongly answered. Individual participants results
are expressed as an absolute and percentage score relat-
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ing the individuals’ performance to that of the reference
group. Standard setting will include development of
minimum knowledge standards. Comparing the scores
over time reveals a trend of the trainees’ progression
over time, areas of strengths, as well as areas in which
potential improvements are possible and necessary. The
scores of the reference group may provide insight and
feedback to what extent and where improvements in the
formal and informal ICM curriculum are possible.

Future developments could be directed towards on-
line progress testing on the one hand (paper based test-
ing will become obsolete sooner or later), and Computer
Adaptive Testing (CAT) on the other.

Online testing has several advantages including the
possibility to include newer item formats (such as im-
ages, sound, video), more flexibility on when and where
to take the test for individual trainees, and the possibil-
ity to immediately provide rich feedback on individual
items but also on passing or failing the test. Using on-
line testing multiple tests of equal difficulty is needed.
This can be achieved by applying psychometric analysis
using Item Response Theory (IRT) to estimate the dif-
ficulty level of the questions, resulting in a calibrated
item bank.47-49

Computer Adaptive Testing refers to tailoring the
test to the ability of the individual trainee.*® Every next
question is purposefully selected based on performance
on previous questions, based on the assumption that
question that are too simple or too difficult for a certain
trainee contribute little information about that trainees’
ability.5¢ This will significantly shorten the duration of
the test without compromising reliability. Using this ap-
proach guessing becomes less of an issue, and the don’t
know option thus superfluous.!2 The use of CAT has for
example been piloted in general practice.48
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