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Introducrion Progress testing is an assessment method
that samples the complete domain of knowledge that
is considered pertinent to undergraduate medical ed-
ucation. Because of the comprehensive nature of this
test, it is very difficult to set a passing score. We ob-
tained a progress test standard using an Angoff pro-
cedure with recent graduates as judges. This paper
reports on the reliability and credibility of this ap-
proach.

Methods The Angoff procedure was applied to a sample
of 146 progress test items. The items were judged by a
panel of eight recently graduated students. Generaliz-
ability theory was used to investigate the reliability as a
function of the number of items and judges. Credibility
was judged by comparing the pass/fail rates resulting
from the standard arrived at by the Angoff procedure
with those obtained using a relative and a fixed standard.

Results The results indicate that an acceptable error
score can be achieved, yielding a precision within one
percentage on the scoring scale, by using 10 judges on a
full-length progress test (i.e. 250 items). The pass/fail
rates associated with the Angoff standard came closest to
those of the relative standard, which takes variations in
test difficulty into account. A high correlation was found
between item-Angoff estimates and the item P-values.

Conclusion The results of this study suggest that the
Angoff procedure, using recently graduated students as
judges, is an appropriate standard setting method for a
progress test.
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Introduction

Tests and examinations drive student learning.'””> For
the students, the examination programme is the real
curriculum.>* A close match between educational
objectives and assessment programme can prevent
students from following a ‘hidden curriculum’ of un-
desirable assessment-based objectives. To achieve this,
longitudinal final objective assessment methods have
been developed in various medical schools, such as the
Quarterly Profile Examination (QPE), the Progress
Test (PT) and the Personal Profile Index (PPI).>"®
These comprehensive examinations reflect the final
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objectives of the curriculum and sample the complete
domain of knowledge that is considered pertinent to
undergraduate medical education. These tests are ad-
ministered periodically (e.g. 3 or 4 times per year) to all
medical students regardless of their year of training.
This format is intended to reinforce desirable learning

" behaviour in that it precludes test-directed studying,

discourages students from leaving their individual
learning paths, encourages functional long-term
knowledge and provides feedback to which learning
activities can be tailored. Research has shown that these
educational objectives are generally attained.®”%:!°
Making pass/fail decisions, however, i.e. setting stan-
dards, has not yet been addressed properly. Because of
the comprehensive nature of progress testing and be-
cause each test administration requires a different
passing score for each class, setting a passing score is
quite complicated. A convenient and widely used
standard setting method is a normative approach, with
relative cut-off scores being defined by the overall
performance of each class. The advantage is that vari-
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ations in test difficulty are automatically corrected for,
but there are also several drawbacks. Firstly, a number
of students will always fail, regardless of examinees’
abilities. Secondly, the heterogeneity of the student
population reduces the validity of the reference group.
Thirdly, examinees can deliberately influence the
passing score, and, finally, the standard is not known in
advance.'"'? An absolute standard does not have these
shortcomings. Its use is appropriate when mastery of
content is involved and the percentage of qualified ex-
aminees is unknown.'? This study investigates the use
of an Angoff procedure for setting standards for the
PT.'* The PT is one of the main instruments used in
the Maastricht medical school problem-based curricu-
lum to assess knowledge and reinforce students’ self-
directed learning. Four PTs are administered annually
to all students (approximately 1000), regardless of their
class. The PT consists of approximately 250 true/false
items of different taxonomic levels. It samples know-
ledge across all disciplines and content areas relevant
for the medical degree. The items may include facts and
figures or they may contain clinical problem vignettes.®
Compared with other types of tests, a PT poses two
additional problems in applying an Angoff procedure.
Firstly, an Angoff procedure requires the use of expert
judges familiar with students’ level of performance.!!>!?
Usually, the judges are teachers who are experts in the
subject matter being tested.!® With progress testing, it
1s difficult to find credible experts for all topics to be
tested and experts’ familiarity with test-takers’ expected
levels of performance is questionable, particularly in a
problem-based curriculum. We would argue that it is
the students who are the only real experts, since they
are the ‘consumers’ of the curriculum. Students are also
able to conceptualize the target candidates. Therefore,
we decided to use a panel of recently graduated stu-
dents in an Angoff procedure for setting standards.
The second problem concerns the definition of the
‘borderline’ student, because borderline performance in
a PT depends on how far a student has progressed
through the six-year curriculum. The PT is adminis-
tered to all classes four times per year, i.e. in the course
of the curriculum students are assessed on 24 occa-
sions, requiring 24 different standards. The PT was
introduced at Maastricht in 1976, and since that time a
vast amount of data has been collected. The data shows
that the score follows a specific and stable growth pat-
tern across the 24 measurement points. This implies
that when a standard is set for one point in the cur-
riculum, the standards for the other 24 points can be
derived mathematically.® Since the progress test items
should reflect the final objectives of the curriculum, it
was decided to estimate the standard for graduation
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level and define borderline performance in relation to
this point in the curriculum (i.e. the time of gradua-
tion).

The purpose of this study is to assess the reliability
and credibility of the Angoff procedure applied to”a
sample of items from one PT, using recently graduated
students as judges of borderline performance. Gener-
alizability theory was used to assess reliability. To judge
credibility, we examined whether the standard resulting
from the Angoff procedure yielded different pass/fail
rates compared with pass/fail rates resulting from both a
relative and a fixed standard. In addition, we investi-
gated the association of the Angoff item estimates with
corresponding item difficulties.

Methods

Materials

Prior to administration a sample of 150 items was
drawn from the total of 256 items of the PT of May
1997. Between administration and calculation of stu-
dent results, 7 items were excluded from the test due to
the routine quality assurance procedure.® Of the study
sample, 146 items remained.

Judges

The eight participating experts were medical doctors
who had graduated from Maastricht University
5 months before the study was conducted (range
1-10 months). They were selected on the basis of
graduation date, willingness to participate and avail-
ability. Two of them were seeking employment, three
were residents and three were working on their PhD
dissertation. When in medical school, the selected ex-
perts had average PT scores, indicating that they did
not differ significantly from the rest of their class.

Angoff procedure

To estimate the PT’s passing score based on item
content and difficulty, a (modified) Angoff procedure
was used.'*'® The judges were instructed not to apply a
correction for guessing. They were asked to estimate for
each item the probability of an imaginary borderline
test-taker, at the time of graduation, knowing the cor-
rect answer. The judges were given the correct answers.
However, they were not given the percentage of ex-
aminees that answered each item correctly (P-values) to
avoid bias that might affect the assessment of the
credibility of the Angoff procedure. Prior to the stan-
dard setting procedure, the judges received a letter
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describing the purpose of the study, the Angoff method
and instructions for the day on which the study would
take place. The panel of judges was scheduled to meet
from 9:00 to 17-00 h with two breaks, one in the
morning and one in the afternoon. The meeting started
with a plenary discussion moderated by one of the
researchers to establish a working definition of ‘the
borderline student’. The following definition was
formulated and used during the experiment: ‘A bor-
derline student is a student who spends an average
amount of time studying, whose knowledge is just
sufficient to pass at graduate level, but who frequently
has difficulty in scoring above the cut-off score of the
PTs.” Subsequently, the judges received a booklet
containing the selected PT items, each item with the
answer key and two blank spaces where the experts
could enter their estimates. They were asked to read
one item and estimate the percentage of the borderline
group that would know the correct answer at the time
of graduation. All estimates were entered in the book-
lets and written on a whiteboard. The judges with the
highest and lowest estimates explained their positions,
usually followed by a short debate within the panel. All
judges were free to enter an adjusted estimate in the
second blank space. In this way, the first 10 items were
judged. The judges then made preliminary estimates for
the next 10 items and the leader polled the group for
their estimates and wrote these on the whiteboard.
Whenever there was a discrepancy of 20 or more per-
centage points between any two judges, a discussion
followed. Before the next item was dealt with, the
judges were given the opportunity to change their es-
timate, whether or not a debate had taken place. This
procedure was repeated for all the remaining items.

Statistical analysis
Descriptive statistics

To judge the representativeness of the item selection,
scores on sampled and non-sampled items were com-
pared. Each judge’s Angoff estimates were averaged
across all items to establish the passing score per judge.
Mean and standard deviations were calculated. All
judges’ estimates (converted to a percentage scale) on
all individual items (8 X 146) were averaged to establish
the passing score for the test.

Reliabiliry

Generalizability theory was used to investigate the re-
liability."” ' As all items were rated by all judges, a
crossed item-by-judge design anova (1 xj) was used,
followed by variance component estimation using the

GENOVA package.? Since we wish to estimate the
error of setting a standard for a given test, the variance
of the item main effect was not included in the error
variance. The Root Mean Squared Error (RMSE) was
estimated and expressed accordingly: -

RMSE =

Where #, is the number of items, n; is the number of
judges and 62 is the estimated variance component for
the associated effect. The RMSE is an estimate of the
standard error of the mean of Angoff estimates across
items and judges. It indicates the error involved in the
test’s passing score.!®

Credibility

Because the judges were asked not to apply a correction
for guessing, the Angoffestimate can best be compared to
the percentage correct score. For the item sample a
percentage correct score was calculated for each of the
judges and used to determine a pass or a fail for the sixth
year students only. The pass/fail rate obtained by using
the Angoff standard was compared with the pass/fail rates
obtained with a relative standard (mean test score of the
sixth year students minus one standard deviation) and a
fixed standard, respectively. The fixed standard was de-
rived from the average pass/fail rates obtained with a
relative standard for past test performances across
8 years.!? Furthermore, the Pearson correlation was
calculated for the mean of the judges estimates per item
and the P-values (percentage correct).

Results

Table 1 presents the mean test score and standard de-
viation of the 69 sixth year medical students that took
the PT of May 1997. Descriptive statistics are pre-
sented for the total PT and the two sub-tests (sampled
and non-sampled part). In addition, the reliabilities of
the three tests are given.

The average student results on the total PT and the
two sub-tests are comparable. These scores are also
comparable to those of previous PTs on the same oc-
casion. There seems to be a common, relatively stable
score that students achieve at the end of the under-
graduate medical curriculum. For a correct interpre-
tation of the scores, one should take into account that
students can use a question mark option (zero points)
and that students are instructed that incorrect answers
will be penalized with minus 1 (-1) point. The true
correlation (corrected for attenuation) between the
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Table 1 Mean progress test scores of

Number of Mean correct Standardized sixth year medical students (n = 69)
questions score (%) SD Reliability*  reliabilityt and reliabilities of the total progress test,
. - _— S — —— set of selected and non-selected items for
Total PT 249 530 87 0:90 090 the Angoff procedure -
Sampled 146 523 84 0-83 0-89
Not sampled 103 53-8 10-2 0-83 0-92

*Cronbach’s alpha

tReliability corrected for the reduced number of items by using the Spearman Brown

prophecy formula; standardization is towards 249 items.??

sampled items and the total PT is 1-00 (observed cor-
relation: 0:96).>' The sample used for this study ap-
pears to be representative. The mean Angoff estimate
(i.e. the average estimation of all items and judges) is
41-4% with a standard deviation of 1-7. Table 2 pre-
sents the descriptive statistics of the Angoff estimates
for each judge separately.

The mean total ratings of the eight judges show little
variation. However, the standard deviations per judge
are quite large, implying that the Angoff estimates differ
considerably across items. Table 3 presents the results
of the analysis of variance and the estimated variance
components.

Approximately 82% of all variance can be attributed
to variation between items. Apparently, a wide range of
item difficulties is found in the PT. In line with results
from Table 2, the percentage of variance associated
with consistent variability of judges across items is very
small (0-4% of the total estimated variance). Even the
overall error term is relatively small with approximately
18% of the total variance.

Table 4 reports the Root Mean Squared Errors of the
test’s passing score as a function of the number of
judges and the number of items in the test.

The RMSE is the error of the test’s passing score
expressed on the original scoring scale (i.e. the per-
centage correct scale). With eight judges and 150 items,
an RMSE of 059 was achieved. An approximately
double (i.e. 1-96) RMSE vyields a 95% confidence in-
terval for the test’s passing score (41-4% * 1:2%). This
interval is relatively small compared to the standard
deviation of the test scores (87%). However, with
normally distributed test scores, a 1% shift in the
passing score changes the failure rate by approximately
2:5%. This implies that we should aim at a precision of
at least 1% on the scoring scale, which corresponds to
an RMSE of 0-51. This would be achieved with 10
judges, each rating 200 items or more.

Table 5 shows the percentages of sixth year students
failing the PT using the standard arrived at by the
Angoff estimate and the failure rates when applying a
fixed and a relative standard, respectively.

Table 2 Mean and standard deviation of

Judge 1 2 3 4 5 6 7 8 the Angoff estimates (146 items)
Mean (%) 411 413 427 40-1 42-3 383 416 437
SD 228 205 223 243 206 226 22:6 223

Table 3 Analysis of variance and esti-
Source of Sum of Estimated Percentage mated variance components
variability squares for score Mean squares  variance of total
(effect) d.f.* effects (SS) (MS) component SE +  variance
Items 145 48601326 3351-82 407-89 48-87 818
Judges 7 286827 40975 2:20 1-32 04
IJ, e 1015 9006573 88-73 8873 394 178

*degrees of freedom
tstandard error of estimated variance component.
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Table 4 Root Mean Squared Errors as a function of the number of items and the number of judges

Number of judges

Number of items 3 4 5 6 7 8 9 10 11 |5
50 1-15 1-00 0-89 0-81 075 0-70 066 063 0:60 058
100 1-01 0-88 0-79 072 0-66 0-62 059 056 0-53 051
150 0-96 0-84 075 0-68 0-63 0-59 056 053 0-50 _0‘48
200 094 0-81 073 0-66 061 057 0-54 051 0-49 0-47
250 0-92 0-80 071 0-65 0-60 0-56 0-53 051 0-48 046
300 0-91 0-79 071 0-64 0-60 0-56 053 0-50 0-48 0-46
Table 5 Failure rates of sixth year medical students (n = 69) part of the error because the students will be tested on

in the Progress Test for different standards

Standard used Passing score (%) Failure rate (%)

Angoff standard 414 72
Fixed standard 524 551
Relative standard 439 10-1

The failure rate obtained by the Angoff standard is
lowest and comes closest to the failure rate of the rel-
ative standard. Finally, the correlation between item-
difficulties (P-values) and item Angoff estimates was
0-81, indicating that the Angoff estimate does include
item difficulty variation.

Discussion

The large variation in item difficulties is typical for PTs.
Although the test is targeted to the final objectives of
the curriculum and thus should yield high scores on all
items at the final administration, this is routinely not
the case and a considerable spread of item scores is
found. Repeated and intensive feedback to item authors
about scoring profiles of individual items and total tests,
and specific instructions and workshops about item
construction and test design have failed to bring about a
reduction in the spread of item scores. Apparently, this
is an inherent phenomenon of PTs. More than 80% of
the variance could be attributed to item variance,
leaving only a small portion of judge and other error
variance. The small size of the judge variance is prob-
ably also partly a result of the procedure followed. The
judges were allowed to revise their estimates, i.e. the
individual estimates are not fully independent.

In the estimation of the error involved in the Angoff
estimate across judges and items (the test’s passing
score), the item difficulty variance is not considered as

this set of items and generalization is not towards other
items. Only the (small) judge variance and overall error
term (including the interaction effect between judges
and items) are considered as error variance. Adding
judges would considerably improve the reproducibility
of the passing score. With 10 judges in the panel
judging 200 items or more, an acceptable precision is
reached, i.e. 1% on the scoring scale. In other words,
with the normal sample size of items (approximately
250) an Angoff panel should consist of 10 judges.

Credibility was assessed by comparing the student
failure rate associated with the Angoff method with the
failure rates obtained with two conventional standards
and by investigating the relationship between the Angoff
score and item difficulty. Although different standards
yield different outcomes, some credibility of the (mod-
ified) Angoff procedure can be inferred from the com-
parison in this study. The Angoff standard came closest
to the relative standard, based on the mean and the
standard deviation of this PT. Unlike the fixed standard,
the relative standard takes account of variations in test
difficulty. Compared to the fixed standard (52-4%), the
relative standard of the test under study (43-9%) is
lower, indicating that the difficulty of this test is above
average. This is also supported by the same finding in
the other five year groups that took the test on the same
occasion. The scores obtained on previous tests by the
group of sixth year students give no reason to expect this
group to differ from other groups on this occasion in the
curriculum. The necessity to include test difficulty in
the judgement of a passing score is evident given the
magnitude of item variance involved in progress testing.
Credibility was also supported by the high correlation of
the item Angoff estimates with the actual item scores. It
shows that the Angoff standard is sensitive to item and
thus to test difficulty.

In conclusion, the results of this study suggest that the
Angoff procedure is an appropriate standard setting
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method for a PT. The use of recently graduated students
as judges appears to be justifiable. Feasibility could be a
problem, since considerable resources are required in
order to reach a reproducible passing score estimation.
Further research could focus on the effect of minimizing
the resources and logistics needed for the Angoff pro-
cedure. For instance, one might look at the use of
different groups of judges judging fewer items per test or
explore the reduction of the panel size by providing ini-
tial estimates by item authors and/or reviewers.
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