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Articles are the primary presentation mode of communication in the Journal, and are
usually between 2500-5000 words in length. All articles must include abstracts, practice
points and notes on contributors. Glossary terms should be added if appropriate (see
below for further details).

Manuscript Preparation

Manuscripts submitted to Medical Teacher should be written in English and conform to
the style guidelines set forth by APA, as per the most recent Publication Manual of the
American Psychological Association (6th edition).

Manuscripts should be typed using double-spacing (except tables which should be
single-spaced), with margins of at least 2.5 cm (1 inch). All pages should be numbered.
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short biographical notes on each contributor to a maximum of 50 words per contributor.
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Use of mathematical and statistical methods to enhance
quality assurance processes for assessment in a pre-
clinical veterinary undergraduate course

BRIAN CATCHPOLE
Royal Veterinary College, University of London, UK

Abstract

Background: Quality assurance processes are an important, but labour-intensive aspect of
assessing pre-clinical veterinary students and making judgements on progression.

Aim: To evaluate the validity of an Ebel method of standard setting for multiple-choice question
(MCQ) tests and to investigate whether reliability statistics might be useful for evaluating
marking of long answer questions (LAQ).

Methods: Data from MCQ tests administered to first and second year veterinary students in
2010-2015 were evaluated. The Ebel method was compared with other standard setting
techniques. Statistical methods were applied to evaluate consistency of marking of LAQ. Staff
were surveyed for their views on standard setting and sample marking processes.

Results: The Ebel cut score led to variation in failure rates, which lacked alignment with those in
the examination as a whole. There was poor agreement between panellists in predicting
question and student performance in the examination. Use of a combination of methods
(modified Cohen, Hofstee and linear regression) might be more appropriate for determining the
cut score, particularly when used against a historical standard. A ‘trustworthiness profile’ was
designed for evaluating marking of LAQ. In an essay paper, this was demonstrated to be a
useful adjunct to sample marking.

Conclusions: Statistical methods could potentially reduce, refine or replace more subjective,
labour-intensive quality assurance processes in assessment.

Short title: Statistical methods for assessment

Correspondence: B. Catchpole, Department of Pathology & Pathogen Biology, Royal Veterinary
College, Hawkshead lane, North Mymms, Hatfield, Herts, AL9 7TA, UK, Tel: 01707 666388;
email: bcatchpole@rvc.ac.uk
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Practice points

e There are a number of methods available for standard
setting of MCQ examinations, but there is no agreed ‘gold
standard’ method.

e |t is important to evaluate whether the method selected for
standard setting of MCQ tests is being applied
appropriately and demonstrates validity.

e A combination of methods of standard setting, based on
analysis of populations of differing ability within the cohort,
might provide a more defensible pass mark, compared with
the Ebel method.

e Subjective analysis of marker reliability by sample marking
can sometimes lead to anomalous results.

e Statistical analysis of marking data for long answer
questions can be used to generate a ‘trustworthiness
profile’ that can help inform decision making processes for
quality assurance of assessment.

Notes on Contributors

Brian Catchpole is Professor of Companion Animal Immunology in the Department of Pathology
and Pathogen Biology at the Royal Veterinary College. He is Strand Leader for the Principles of
Science strand of the Bachelor of Veterinary Medicine degree and a Departmental Teaching
Coordinator. He is interested in various aspects of assessment of undergraduate veterinary
students.
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Introduction

Assessment of veterinary students in the UK has come under increasing scrutiny from external
stakeholders, such as the Quality Assurance Agency (QAA)', as well as professional statutory
regulatory bodies, such as the Royal College of Veterinary Surgeons (RCVS)?, European
Association of Establishments for Veterinary Education (EAVE)® and the American Veterinary

Medical Association (AVMA)*. A variety of assessment modalities are often employed
during the pre-clinical stage of undergraduate veterinary degree courses, which are

designed to assess different aspects of student learning and ability.

Quality assurance (QA) processes, such as standard setting of multiple-choice
question (MCQ) tests and double/sample marking of long answer questions, can be time
consuming and labour intensive. Furthermore, external examiners, who play an important role in
QA processes, are required to scrutinise a substantial amount of assessment material and data
in a relatively short time. Thus, there is a requirement to ensure that assessments are reliable
and robust, but the procedures involved can come under pressure from time and staff resourcing

perspectives.

There is no ‘gold standard’ technique for standard setting, but whichever method is
selected, it should be fair, defensible, practical and transparent (Cusimano 1996; Norcini 2003;
Zieky et al.,, 2008). Standard setting methods can be categorised as criterion-referenced
(absolute), norm-referenced (relative) and compromise (Cizek and Bunch, 2007). In many
instances, the purpose of standard setting is to establish a cut score that can be applied to

differentiate between two states of performance (i.e. pass/fail) (Cizek, 1993). However, in other

See: http://www.gaa.ac.uk/en/Publications/Documents/understanding-assessment.pdf

? See: http://www.rcvs.org.uk/education/approving-veterinary-degrees/

? See: http://www.eaeve.org/about-eaeve/mission-and-objectives.html

* See: https://www.avma.org/professionaldevelopment/education/accreditation/colleges/pages/default.aspx



http://www.qaa.ac.uk/en/Publications/Documents/understanding-assessment.pdf
http://www.rcvs.org.uk/education/approving-veterinary-degrees/
http://www.eaeve.org/about-eaeve/mission-and-objectives.html
https://www.avma.org/professionaldevelopment/education/accreditation/colleges/pages/default.aspx
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situations, an MCQ test is one component of a much larger examination (in our case, typically
contributing ~20% to the final mark) and the purpose of standard setting is not to determine

pass/fail status, but rather to scale the marks for inclusion in the final assessment dataset.

Our institution has adopted a criterion-referenced approach to standard setting, based on
use of the Ebel method (Ebel, 1972; Case and Swansen, 1998), in which a panel of examiners
scrutinise questions and categorise them in terms of three levels of difficulty (Easy, Moderate or
Difficult) and three levels of relevance (Essential, Important or Desirable). Panellists are also
required to indicate the proportion of questions of each category that a minimally proficient
student would be expected to answer correctly. Analysis of data from the panel allows a cut

score to be calculated.®

Providing empirical evidence in support of the cut score is integral to internal validity, and
documenting the impact of applying the cut score on failure rates, as well as the relationship to
decisions on other assessments, is an important aspect of external validity (De Champlain
2014). Apart from method comparison studies, there is a lack of research literature on the
validity of the Ebel method, when applied under different circumstances. Therefore, the first aims
of the project were to evaluate the impact of standard setting on MCQ tests and the

effectiveness of the Ebel method, when compared with alternative standard setting techniques.

Other components that contribute to assessment of pre-clinical veterinary students
include long answer questions (e.g. problem-solving and essays). Historically, double or sample
marking has been employed for QA purposes, but this is somewhat subjective in nature,
relatively labour intensive and can lead to a degree of uncertainty in terms of what represents
acceptable agreement and how to proceed when there is concern that the marking might be

unreliable.

® See: www.sagepub.com/cizek/ebel



http://www.sagepub.com/cizek/ebel
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Different statistical methods have been applied for estimating reliability of assessment
data (reviewed by Tisi et al. 2013). Inter-rater reliability can be calculated, using methods such
as Cohen’s kappa and Fleiss’ kappa for categorical data, or calculating the intraclass correlation
coefficient (ICC; Bartlett and Frost 2008) or concordance correlation coefficient (CCC; Lin 1989)
for continuous data. Another commonly used approach is to estimate internal consistency, by
use of Cronbach’s alpha (Cronbach 1951). However, one problem with use of such methods at
our institution is that students are allowed choice in the examination (typically four from six long
answer questions). This additional variability in question selection by each student is a major
confounding factor, when attempting to apply reliability statistics. Thus, the second aim of the
project was to develop a strategy for evaluating marking data from long answer questions that
might be informative to internal examiners, external examiners and examination boards. The
final aim of the project was to evaluate staff perceptions and attitudes towards current standard

setting and sample marking procedures and to solicit feedback on the potential for improvement.
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Methods

Student assessment data for the first and second years of the BVetMed degree course
(University of London) from 2010 to 2015 were de-identified before being provided for the study.
Proformas (n = 7 for each of the two years), completed for the Ebel standard setting process in
2015, were made available, with informed consent from panellists for their use in research. ltem
analysis® was obtained after administration of the MCQ tests (45 questions for Year 1; 60

questions for Year 2).

Data were manipulated/graphed in Microsoft Excel 2010 and imported into GraphPad
Prism v6 and IBM SPSS v21 for statistical analysis. Testing for normality was undertaken using
the D’Agostino-Pearson test. Parametric tests (one-way ANOVA with Tukey’s post-hoc testing for
multiple groups or Student’s t test for two groups) were used for normally distributed data, with
non-parametric tests (Kruskal-Wallis test with Dunn’s post-hoc testing for multiple groups or
Mann-Whitney U test for two groups) used for data that was not normally distributed. Fleiss’
kappa statistic was used to assess agreement between multiple raters for categorical variables

(Real Statistics Resource Pack for Microsoft Excel ).

Staff perceptions of standard setting and sample marking were surveyed using a
questionnaire, delivered via Survey Monkey® (see Appendix), with ethical approval granted
(M2014/0038, date of approval 26™ May 2015). Ebel panellists were asked to complete the
survey in a pilot study and to provide feedback. This led to minor modification of the

questionnaire, prior to surveying academic staff across all departments.

® See: http://www.speedwellsoftware.com/exams/multichoice/multichoice-paper-based
7 See: http://www.real-statistics.com/free-download/real-statistics-resource-pack/
% See: https://www.surveymonkey.com/
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Results

Standard setting of MCQ tests for a pre-clinical veterinary course

Analysis of historical MCQ test data

There had not been a review of the impact/consequences of using the Ebel standard
setting technique at our institution. Data from 2010-2014 were analysed, indicating that applying
the Ebel cut score led to marked variability in failure rates (Figure 1). There was a high cut score
relative to the mean mark for Year 1 assessments in 2010 and 2011, resulting in high failure
rates (24.2% and 35.6%, respectively). This was also evident for the Year 2 assessment in 2012.
In contrast, the cut score for Year 1 in 2014 resulted in a relatively low failure rate (3%). This
degree of variability raised some concern about the reliability of this standard setting method in

our hands.

100% -
--O-- Year 1
90% -
? --0-- Year2
80% -
0 e T (b TP
70% L@ (o Q' Mean mark
! | ERRRRRERE 3. TR PSR L LR o
60% 1 oy o 5
50% - g===“'@=== :: @ """ @:.‘-‘:"—-__@ Cut score
40% -
30% -
%
20% Failure rate
10% -
0% T T T T T
2010 2011 2012 2013 2014
Year of assessment

Figure 1. Historical data from MCQ tests, with cut scores generated using the Ebel method of
standard setting.

11



MEDICAL

TEACHER

Evaluating the Ebel method

The standard setting process in 2015 was evaluated in terms of internal and external validity
(Kane 2001; Hambleton et al. 2012; Cizek 2012, p. 166). Using an approach recommended by
Reckase and Chen (2012), each panellist who contributed to the process in determining the final
cut score was scrutinised for their individual judgement, based on completion of the Ebel
proforma. Considerable variation was observed, in terms of cut scores and consequential failure

rates (Figure 2), with Subjects 3 and 7 representing extreme views.

A Year 1 cut scores by panellist B Year 2 cut scores by panellist

3.5 146

14 24 Failure rate (%) 8.3 j/ 18.8 43,2 Failure rate (%)

Lol

6 4 215 7 Panellist

O oW @)

Panellist

Qw<—o
N EY—
<
QO wes——o

T T T T T 1 T T T T T 1
20% 30% 40% 50% 60% 70% 80% 20% 30% 40% 50% 60% 70% 80%

Figure 2. Panellist’s contribution to overall cut score for (A) Year 1 and (B) Year 2, based
on the Ebel method of standard setting. Red circle represents final cut score. Each
individual panellist is identified by a number.

To assess internal validity, inter-rater agreement of question relevance (Essential,
Important or Desirable) was assessed and found to be poor (Fleiss’ kappa; Year 1 = 7.7%, Year
2 = 8.9%), which did not improve substantially when individuals were systematically removed
from the analysis (range; Year 1 = 4.7-10.7%, Year 2 = 5.9-13.3%). Similarly, agreement in
categorising question difficulty (Easy, Moderate or Difficult) was also poor (Fleiss’ kappa; Year 1

=7.1%, range 3.95-8.5%; Year 2 = 9.98%, range 7.58-12.2%).

12
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The ability of each panellist to predict question difficulty was evaluated against the facility
scores from the MCQ item analysis (the higher the facility score, the easier the question, ranging
from 0 to 1). Only one of the seven panellists for each test (Subject 5 for Year 1 and Subject 1
for Year 2; Figure 3) demonstrated significant differences in facility scores for questions
categorised according to perceived level of difficulty, indicating that participants were not adept

in predicting student performance when answering these MCQs.

Year 1: Subject 1 Year 1: Subject 5
(ANOVA; P = 0.2912) (ANOVA; P =0.0035)
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(ANOVA; P =0.0154) (ANOVA; P =0.207)
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0.8 0.8 I
e 0
o o
g 0.6 : 0.6
£ z 1
= 0.4 = 0.4+
o o
I @
w 'R
J_ T l L
0.0 T T T 0.0 T T T
3 ) N 3 2 X
Q,'z’% &\ ,\c," @‘b% . AS o
2 & 2 &
ob ) ob N
< A
Predicted level of difficulty Predicted level of difficulty

Figure 3. Representative box and whisker plots of facility scores for each category of
difficulty predicted during the Ebel standard setting procedure (Subjects 1 and 5 shown). .3
For Year 1, n = 45 question; for Year 2, n = 60 questions.
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Questions were categorised in terms of their difficulty, based on the item analysis and
panellists were scored for accuracy (+1 for correct category, -1 for incorrect but adjacent
category, -2 for incorrect classification Easy versus Difficult). Their scores (Table 1) indicated

poor performance in most cases.

Table 1. Accuracy of panellists to predict question difficulty

Panellist Year 1 Year 2
(n = 45 questions) (n = 60 questions)

1 -18 -3

2 -20 -24

3 -15 -23

4 -12 -31

5 -8 -18

6 -17 -31

7 -25 -22
RANDOM -25.5 -33

The Ebel method requires panellists to indicate how many questions of each category a
borderline passing student would answer correctly. A sample of ~10% of students (n = 20) were
selected, representing those with borderline passing scores (51.1-57.8% for Year 1, 52.5-56.7%
for Year 2; cut scores determined by Ebel method) and their performance evaluated against that
predicted for each individual question by each panellist. For first year students, only Subject 5
demonstrated a significant correlation between predicted and actual scores, for second year
students, three of the seven panellists (Subjects 1, 3 and 5) demonstrated a significant

correlation (Table 2).

14
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Table 2. Ability of panellists to predict borderline student performance

Panellist Year 1 . Year 2 .
(n = 45 questions) (n = 60 questions)
r value P value r value P value
1 0.06392 0.6766 0.4457 0.0004
2 -0.07751 0.6128 0.0313 0.8125
3 0.1786 0.2403 0.292 0.0237
4 0.2204 0.1458 0.0527 0.689
5 0.4108 0.0051 0.2598 0.045
6 0.1931 0.2037 0.21 0.107
7 0.02077 0.8923 -0.05933 0.6525

Evaluation of other standard setting methods

Three alternative methods of standard setting were evaluated, each focusing on a different sub-
group within the student population. A modified Cohen method (Taylor, 2011) was applied, based
on the formula: Cut score = 0.65 x Py, (Wwhere Py is the score of the 90™ percentile student). A
Hofstee method was applied (Hofstee 1983), with the limits set at 45-55% for the acceptable
range of the pass mark and 0-20% for the failure rate. On the performance graph, it was noted
that there was a high degree of linearity between the 25" and 75" percentiles. Therefore, a new
method was designed, based on calculating a cut score from the regression line, when the
proportion of students with that score (x axis) is expected to be zero. Figure 4 illustrates how

these methods were applied to a representative MCQ dataset.

15
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Figure 4. Analysis of a representative dataset of MCQ results using different standard
setting techniques, based on the best (modified Cohen), interquartile range (linear
regression) and lower (Hofstee) performing students.

These standard setting techniques were applied to the historical dataset to determine
what effect they had on cut scores and failure rates (Tables 3 and 4). Taking the mean of the
three methods as the cut score (mixed model method; MMM) resulted in more consistent failure
rates over the 5 year period, that aligned with the failure rates in the examination as a whole

(Figure 5).
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Table 3. Application of different standard setting methods to Year 1 MCQ tests

YEAR 1 2010 2011 2012 2013 2014
n 198 174 203 210 195
mean 57.0% 58.2% 67.1% 69.9% 70.0%
median 57.8% 57.8% 66.7% 71.1% 71.1% Failure rates
Cut scores 2010 2011 2012 2013 2014
Ebel 52.8% 52.6% 55.7% 55.6% 47.9% |24.2% 35.6% 182% 17.1% 3.0%

Mod Cohen 43.4% 49.1% 52.0% 56.4% 54.9% 7.8% 282% 10.8% 17.1% 11.8%
Hofstee 47.8% 445% 50.2% 49.7% 50.9% | 12.1% 14.4% 7.9% 10.0% 7.7%
Lin Reg 46.1% 38.8% 50.0% 50.4% 53.0% | 86% 52% 7.9% 100% 7.7%
MMM 45.8% 44.1% 50.7% 522% 529% | 86% 98% 7.9% 11.4% 7.7%

Failure rate in examination overall 9.1% 128% 7.7% 11.6% 5.5%

Table 4. Application of different standard setting methods to Year 2 MCQ tests

YEAR 2 2010 2011 2012 2013 2014
n 179 192 164 197 202
mean 63.4% 64.6% 60.0% 65.0% 64.0%
median 63.3% 66.7% 60.0% 65.0% 63.3% Failure rates
Cut scores 2010 2011 2012 2013 2014
Ebel 51.7% 51.7% 522% 52.8% 50.0% | 14.0% 9.9% 27.0% 6.4% 12.9%

Mod Cohen 49.9% 49.9% 49.9% 49.9% 53.1% | 112% 7.3% 17.7% 15% 20.3%
Hofstee 48.8% 50.1% 47.4% 51.8% 48.3% 7.8% 7.3% 13.4% 6.4% 9.9%
Lin Reg 47.4% 51.0% 41.3% 51.6% 45.8% 7.8% 9.9% 4.9% 5.0% 7.4%
MMM 48.7% 50.3% 46.2% 51.1% 49.1% | 11.2% 9.9% 10.4% 5.0% 12.9%

Failure rate in examination overall 79% 31% 96% 39% 9.8%

17
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Figure 5. Influence of standard setting methods on failure rates of MCQ tests, comparing
the Ebel method with a mixed model method. Black dotted line represents the failure rate
for the examination as a whole (22.5% contribution of MCQ to Year 1 examination and
20% contribution of MCQ to Year 2 examination).

Application of the mixed model method of standard setting in pre-clinical veterinary MCQ

examinations and use of a ‘standard’ performance curve

Analysis of historical data demonstrated a significant difference in raw marks between years
(Year 1, Mann-Whitney U test P <0.0001; Year 2, ANOVA P <0.0002), indicating variability in test
difficulty and/or ability of different year groups. For Year 2, after scores were normalised for a
50% pass mark, based on use of the MMM, there was no significant difference in scores
comparing year groups (P = 0.4732), suggesting that this method had corrected for test difficulty,
assuming no overall difference in ability from year to year. However, for Year 1, there was a
significant difference between year group scores after the standard setting procedure, and post-
hoc testing revealed that years 2010 and 2011 were significantly different from 2012-2014,
which was likely due to relatively poor performance during these two years (Table 3, Figure 5A).
It was decided to combine the MMM-adjusted scores of all students from 2012—2014 for Year 1
(n = 608) and from 2010-2014 Year 2 (n = 934) to generate ‘standard’ performance curves for

each year group, with a cut score of 50%.

18
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The MCQ results for 2015 were standard set using the Ebel method alongside the MMM

(Table 5), showing that applying the MMM cut score led to failure rates that better matched the

overall outcome, compared with the Ebel method, which had a very high standard error.

Table 5. Application of standard setting methods to 2015 MCQ tests

2015 Year 1 Year 2

n 200 192

mean 71.0% 65.7%

median 71.1% 66.7% Failure rates

Pass mark Yrl Yr 2

Ebel 51.1% (£4.3%)® 52.5% (£4.9%)% | 3.5% 14.6%

Mod Cohen 50.6% 52.0% 3.5% 14.6%

Hofstee 51.7% 49.8% 6.0% 8.3%

Linear regression 55.1% 50.0% 8.0% 8.3%

MMM 52.5% (£1.4%)% 50.6% (£0.7%)% | 6.0% 10.9%
Failure rate in examination overall 7.2% 8.7%

& Standard error is shown in parenthesis

For Year 1, there was a significant difference between raw marks and the 3-year

standard (P =

0.0018). Following normalisation of scores, there remained a significant

difference, based on use of the Ebel cut score (51.1%; P = 0.0252), but not following

normalisation to the MMM cut score (52.5%; P = 0.1283; Figure 6A). For Year 2, there were no

significant differences between raw scores (P = 0.0628; Figure 6B), Ebel-adjusted scores (P =

0.9) and MMM-adjusted scores (P = 0.1657), compared against the 5-year standard.
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Figure 6. Performance characteristics of MCQ examination in (A) Year 1 and (B) Year 2
against the ‘standard’ curve. For Year 1 both raw scores and MMM adjusted marks are shown.

Comparing the outcome (pass/fail) based on the final mark and that for the MCQ
component in Year 1, there was a high sensitivity (Se) of 98.9% but relatively low specificity (Sp)
of 35.7%, after applying the Ebel cut score, compared with the MMM (Se = 97.3%, Sp = 50%),
suggesting that the former had less discriminatory capacity in identifying failing students. For
Year 2, Se = 91.6%, Sp = 92.9% for the Ebel method, compared with Se = 94.9%, Sp = 85.7%

for the MMM, suggesting similar discriminatory capacity.
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Improving QA processes for long answer questions on a pre-clinical veterinary

course

Long answer questions are routinely sample marked (typically 10% of scripts) at our institution.

In the event of a substantial degree of disagreement, scripts are remarked by a third party. The

aim of this part of the study was to evaluate whether statistical analysis might be useful in

enhancing this process. Although analysis was undertaken on essay and problem-solving

question papers for both year groups, only the essay paper of the Year 1 examination will be

discussed, as this proved to be problematic in 2015.

Descriptive statistics provided some information (Table 6), and indicated that relatively

low scores were awarded for Q6, although this information was not provided to the sample

marker, who accepted the marks allocated and did not trigger a re-mark of this question.

Table 6. Descriptive statistics for Year 1 Paper 3 (essays)

Ql Q2 Q3 Q4 Q5 Q6
Mean 62.07 63.47 66.20 56.81 5852 37.07
SD 9.58 10.19 12,63 9.26 10.26 12.02
Median 62.00 65.00 65.00 55.00 62.00 35.00
Upper 82 82 90 82 75 65
Lower 35 35 35 35 27 15
n= 111 155 132 160 54 184
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Applying reliability statistics, such as ICC or Cronbach’s alpha, on the study dataset
proved to be problematic, since students were allowed choice in the test (two out of three
questions from two separate sections). Thus, the variability in student selection of questions and
incomplete data for the six questions meant that the equations used to calculate ICC and
Cronbach’s alpha were not appropriate. Therefore, a strategy was developed to generate a
‘trustworthiness profile’ for questions in the examination, which could potentially inform decision-

making by internal and external examiners.

Data were assessed using the concordance correlation coefficient (CCC; Lin, 1989), with
the mark awarded for each question compared with the final mark achieved in the examination.
This analysis highlighted that marks for Q4 and Q6 showed poor correlation with the final mark
(Table 7). Analysis of the variance of marks for each individual student (i.e. mean of the variance
for each student for the test and with individual questions removed) seemed to be informative.
The mean variance of student scores in this test was relatively high, compared with previous

years, but removal of question 6 had a substantial effect in reducing this (Table 7).
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Table 7. Reliability statistics for Year 1 essay paper

Year 1 Mean variance®
Essay ccc® | Overall 182.2
Q1 0.6818 | Remove Q1 185.1
Q2 0.4881 | Remove Q2 186.9
Q3 0.5658 | Remove Q3 182.6
Q4 0.2273 | Remove Q4 203.3
Q5 0.4429 | Remove Q5 195.2
Q6 0.0690 | Remove Q6 66.30
2010 Overall 121.9
2011 Overall 110.5
2012 Overall 89.50
2013 Overall 104.3
2014 Overall 85.40

# The mean of the variance of scores (n = 4 questions) for each student (n = 200) was
calculated. This was re-calculated following systematic removal of individual questions from the
dataset.
® CCC, concordance correlation coefficient (Lin, 1989).

The discriminatory capacity of each question was evaluated, by dividing the year group

into quartiles, based on their final marks. Q1 showed good discriminatory capacity, whereas Q4

and Q6 were relatively poor (Figure 7; see Appendix Table S1 for full analysis).
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Figure 7. Box and whisker plots illustrating the discriminatory capacity of individual questions,
when the year group was divided into quartiles, based on their final mark in the examination.
Pass mark of 50% is shown as the horizontal line.
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Bland-Altman-style plots were also generated, whereby the difference in marks
(Observed — Expected) was plotted against the final mark. Q1 showed the best performance,
with a relatively narrow 95% confidence interval centred on zero, although the regression line
indicated a trend for over-rewarding poorly performing students, but under-scoring the best
performing students (Figure 8). In contrast, Q4 and Q6 both demonstrated profiles suggesting

that these questions warrented closer scrutiny (Figure 8).

2015Yr1Q1 2015Yr1 Q4

ed - Expected

Observed - Expected

b
=]
Observ

Final mark Final mark

2015 Yr1 Q6

Observed - Expected

Final mark

Figure 8. Bland-Altman-style plots illustrating deviation from expected scores (final marks)
for Questions 1, 4 and 6. The regression line is shown in red and the 95% confidence
intervals are shown by green hatched lines.

24



MEDICAL

TEACHER

Marking of Q5 was considered unreliable by the sample marker and this question was re-
marked. However, the statistical analysis indicated that this question demonstrated a reasonable

profile and this did not improve substantially by re-marking (Figure 9).
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Figure 9. No discernible improvement in the ‘trustworthiness profile’ for Q5 following re-
marking (5a, original marks; 5b, re-mark).

In summary, the analysis indicated that one question in this paper (Q6) required further
scrutiny. Although this question satisfied the QA process during sample marking, it was
subsequently excluded from the examination at the request of the external examiners. Another
question (Q5) was re-marked at the request of the sample marker, although it appears that this
marking was satisfactory and re-marking did not substantially improve its performance profile.
One further question (Q4) was lacking in discriminatory capacity, showed a relatively low CCC
and the Bland-Altman-style plot indicated a negative skew, although this question ‘passed’ both
internal and external scrutiny without comment.
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Staff perceptions of standard setting and sample marking procedures

Five of the 7 Ebel panellists completed the questionnaire during the pilot phase of the survey
and 50 members of staff completed the final version. Most respondents considered themselves
to be moderately (51%) or very (31%) experienced examiners. Ninety three percent agreed that
some form of standard setting was required for MCQ tests. However, 56% stated that they felt
they had not received adequate training in the Ebel method and that they lacked confidence in
assessing question difficulty (80%), relevance (60%) and predicting the performance of
borderline passing students (73%). Fifty percent of staff indicated that they lacked confidence
that the current standard setting procedure would result in a reliable pass mark. Although there
was a lack of awareness of other standard setting techniques (64% of respondents), 73%

indicated that alternative methods of standard setting should be considered.

Most respondents (95%) agreed that some form of oversight was required to ensure
reliability of marking of long answer questions. Sixty five percent expressed confidence in the
current sample marking process and 83% were confident that they were able to evaluate the
reliability of marks through sample marking, although 38% were apprehensive in reporting poor
reliability. Seventy seven percent indicated that having access to reliability statistics might
improve the process and 41% agreed that statistical analysis should be considered as a

potential replacement for sample marking.
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Discussion

Gathering evidence to support the validity of a standard setting method is an important aspect of
their use (Kane 1994). In the current study, there was substantial year-to-year variation in failure
rates for the MCQ component of the examination, when Ebel cut scores were applied, which did

not align with overall failure rates, suggesting further scrutiny was warranted.

Analysis of data from panellists undertaking Ebel standard setting revealed wide inter-
rater variation (Figure 2) and a relatively large standard error in the estimation of cut scores
(Table 5). This type of information can be provided as feedback to panellists (Ferrara et al.
2005), stimulating discussion and providing training, as part of an iterative process (Loomis
2012). Reckase and Chen (2012) suggest that those individuals who do not understand the task
tend to be at the extremes of the distribution (e.g. Subjects 3 and 7) and this may mean they do
not understand one or more key elements of the process. In this respect, Subject 3, who was
consistently low in terms of cut scores, indicated performance of the borderline passing student
at <20% for several of the categories, yet in a five item MCQ, one would expect a minimum of

20% by guessing.

There was poor agreement between panellists in terms of question categorisation,
judging question difficulty and predicting performance of borderline passing students, all of
which suggest poor internal validity (Cizek 2012). There are a number of aspects of current
practice that should perhaps be reviewed. Fowell et al. (2006) proposed a minimum of 6
participants in standard setting, although Hambleton et al (2012) recommend that “extra
panellists should be selected, perhaps twice the number assumed appropriate” (p. 55). In this
case, seven members of staff does not seem to be sufficient and probably not optimal. More
strategic oversight of the selection process, to ensure broad representation in terms of gender,

age and expertise would potentially lead to a more balanced decision-making process (Jaeger
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1991). Although training in the Ebel method has been provided, the survey revealed that 56% of
staff felt that this was inadequate. This is clearly an area that could be improved, for example

through staff development workshops.

Other aspects that could potentially be improved include analysis of performance and
feedback to panel members. Reckase and Chen (2012) state that “it seems unethical to have a
standard setting process that has one round of ratings with no feedback” (p. 162), which is the
current situation. Although there is disagreement in terms of the timing, nature and amount of
information provided to panellists, such ‘formative’ feedback (normative and/or consequential)
has been shown to improve consistency (Clauser et al. 2002) and to generate a higher level of
confidence in the process (Skorupski and Hambleton 2005). A consistent open comment from
the survey was that staff had “more confidence with questions in their area of teaching and
expertise, but had more difficulty in categorising questions in areas/modules with which they
were less familiar”. Provision of item analysis data (particularly showing performance of the
lower quintiles) would potentially enable better judgements to be made. Furthermore, providing

additional time for discussion, reflection and revision of judgements should be considered.

Since it was not feasible to assess other criterion-referenced methods during the course
of the study, selected norm-referenced or compromise methods were evaluated. Combining
several methods will not necessarily yield a ‘better’ standard (De Champlain 2014) and there is a
wealth of literature illustrating that method comparison studies rarely show agreement (reviewed
by Jaeger 1989). However, there does seem to be a rationale for using different methods that
focus on performance of subpopulations of differing ability. The MMM offers a ‘cost effective’
solution to standard setting, which might be considered sufficient when the MCQ test forms a
component of the examination and the outcome is used to scale marks, rather than to make

categorical (pass/fail) decisions. Alternatively, if a criterion-referenced method such as Ebel is
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considered to be more appropriate, the MMM and standard performance curves could be used
as a ‘reality check’ by panellists, chair of the exam board or provided to external examiners as

part of the QA process.

The three elements of external validity proposed by Cizek (2012) are that the standard
setting procedure should 1) show consistency in terms of repeatability or with other methods of
standard setting, 2) show a relationship with decisions made using other sources of information
and 3) be reasonable in its outcome. Given the study findings, it is questionable as to whether
the current standard setting process is defensible. However, a number of recommendations can

be made (see Appendix; Table S1), based on guidelines proposed by Hambleton et al. (2012).

Psychometric methods for evaluating reliability of assessment data are important for
ensuring appropriate decision making (Meadows and Billington 2005; Royal and Guskey 2015).
Descriptive statistics are often provided during QA processes, but these are limited in their
usefulness, when making decisions on marking reliability. In the current study, one question was
identified as anomalous, based on low mean/median values, although the relative consistency of
the mean and SD of the other questions does not necessarily equate to their reliability (Norman

and Eva 2014).

Lucas (1971) demonstrated that for essays, multiple marking significantly increases
reliability, but the greatest increase resulted from moving from single to double marking.
However, such subjective evaluation of marking (sample, double or team) becomes time
consuming and labour intensive with large student groups and it is unclear whether the benefits
outweigh the problems (Tisi et al. 2013). Sample marking is more economical, but if this is not

blinded, it tends to overestimate marker agreement (Vidal Rodeiro 2007).

Results of the survey revealed a high degree of confidence in current sample marking
processes, but there was a degree of apprehension in reporting poor quality marking. This is
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likely due to social factors impacting on the behaviour of the sample marker in terms of 1) feeling
embarrassed at reporting a colleague for poor quality work and 2) feeling uncomfortable about
the consequences of a decision that will lead to additional work for others. The majority of

respondents indicated that inclusion of reliability statistics into the process would be beneficial.

Reliability statistics are often used for analysis of assessment data (such as Cronbach’s
alpha), but are problematic when applied to an examination structure whereby students are
given choice. Meadows and Billington (2005) found that the problem of low reliability of marking
was “exacerbated by the candidates’ choice of essay topic” (p. 38). Despite several attempts, it
was not possible to find a modification to the Cronbach’s alpha equation that would account for
the variability in question selection by the examinees. Using an alternative approach, Lin’s
concordance correlation coefficient seemed to provide useful data and identified two questions

(Q4 and Q6) that were worthy of further scrutiny.

Classical test theory is based on the premise that a ‘true’ score consists of the observed
score plus measurement error (Brennan 2011; Tisi et al. 2013). The variance across different
test items can be used as an indicator of consistency and likely measurement error. A
subtractive approach was undertaken to evaluate how removal of individual questions would
impact on the mean variance. Although this seemed a useful exercise, in that Q6 was again
identified as an outlier, this approach is somewhat flawed in that removal of one question often
left only three data points and therefore a spurious question could impact substantially in
evaluation of the others. More sophisticated statistical methods associated with generalizability
theory (Cronbach et al 1963; Brennan 2011) or item response theory (Lord 1980; Royal et al.
2014) might be more appropriate for this type of data, but these were beyond the scope of the

current study, given the time constraints.
Evaluating the discriminatory capacity of each question is likely to provide information
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that is useful for decision making. While it is true that some individuals might perform better in
certain types of assessment (e.g. MCQ versus essays), one would expect that when divided into
ability groups, each question should show some discriminatory capacity. Indeed, Norman and
Eva (2014) state that “a tool that does not discriminate is useless for assessment” (p. 361). The
Bland-Altman-style plot also seems to be a useful addition to the QA process, where clustering
of data around the zero line indicates good agreement with the overall assessment of the
student’s ability. The negative slope of the regression line seen in most cases likely indicates
‘narrow marking’ of essays by internal examiners, failing to give very low marks for poor
responses and inadequately rewarding the best answers. Outputs from this type of analysis
could be provided as feedback to internal examiners, helping to inform them of their

performance, which is not currently an area of academic activity that is appraised.

Use of reliability statistics could help to inform decision making for QA purposes. Not only
would this provide a more objective basis for identifying ‘rogue’ markers (and potentially
rewarding reliable examiners) but also for addressing the issue of the rogue sample marker, who
might currently accept poor quality marking (a QA issue) or reject acceptable marking (a time
and resource issue). According to Meadows and Billington (2005), if essays continue to be
viewed as a valuable question format, some degree of unreliability of marking may simply have
to be accepted. That said, based on the research findings of this part of the study, a number of

recommendations can be made (see Appendix, Table S2).
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Conclusions

The study findings raise concern regarding internal and external validity of the Ebel method for
standard setting the MCQ tests evaluated in the study. Further investment of resource is
required for improving training, feedback and evaluating reliability of cut scores. Considering the
limited contribution of the MCQ test to the examination as a whole, more ‘affordable’ normative
or compromise methods of standard setting might be considered. Provision of reliability statistics
for marking of long answer questions could potentially reduce, refine or replace current QA

processes.
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Table S1. Discriminatory statistics for Year 1 essay questions

Q1 Q2 Q3 Q4 Q5 Q6
ANOVA P <0.0001 P <0.0001 P <0.0001 P <0.0004 P <0.0015 P <0.0007
Upper vs
Middle Hi NS NS ** NS NS NS
Upper vs
Middle Lo * %% *k kK * %% NS * NS
Epper Vs *kkk *kkk *kkk *kk *%x *kk

ower

Middle Hi vs
Middle Lo NS *%x NS NS NS NS
Middle Hi vs
Lower *khkk *kkk *kkk NS NS *
Middle Lo vs
Lower *kk NS *kk NS NS *

ANOVA with Tukey’s post-hoc test applied. NS, not significant.

37




MEDICAL
TEACHER

Table S2. Recommendations for improving Ebel standard setting

e Select a large panel that is representative of the stakeholders. Consider use of pairs
of panellists to facilitate discussion after the first round of the process.

¢ Train panellists to use the method appropriately and assess their performance using
historical tests and outcome/impact data to provide feedback.

o Consider providing panellists with normative and consequences feedback during the
process. Timing of the panel meeting might need to move after the assessment has
taken place if normative data (e.g. Speedwell) is to be provided. Provision of more
time for discussion, reflection and revision of judgments before final submission of
proformas.

e Conduct an evaluation of the standard setting process and collate responses
provided by panellists.

e Compile validity evidence for external examiners, including norm-referenced analysis
(MMM) and statistical analysis against historical ‘standard’.
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Table S3. Recommendations for changes to the QA process of long answer
questions

e Analyse assessment data using Lin’s concordance correlation coefficient,
discriminatory capacity (in quartiles) and prepare Bland-Altman-style plots for each
long answer question.

e Meeting of chair of exam board and assessment QA representative to discuss
outcomes of data analysis.

¢ Questions that demonstrate an acceptable standard of ‘trustworthiness’ are approved
and those that require further scrutiny scheduled for sample marking. One approved
question per paper also selected for sample marking for quality control purposes.

o Scripts identified for sample marking. 50% randomly selected to represent the range
of marks. 50% selected that fall outside the 95% CI on the Bland-Altman plot.

e Sample markers meet to evaluate scripts and feedback to exams office. Current
policy employed, dependent upon agreement (approval) or lack of agreement (re-
marking required) with first marker.

¢ Any third marking data analysed to document improvement in profile.

o All reliability statistics and documentation of process submitted to external examiners
for scrutiny.
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