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Abstract

Objective: The item difficulty is determined in two
ways; one relies on expert judgments, and the other
on psychometric analysis. This study compared item
developers' perceptions of item difficulty with psy-
chometric analysis results and explored their thought
processes in categorizing items.

Methodology: This explanatory sequential mixed
method study was conducted from October to
December in 2022 in three phases (quantitative, qual-
itative, and mixed method strand). Difficulty ranking
of items by 20 subject experts, for all the preclinical
years' end-of-module exams was compared with that
obtained by psychometric analysis from the OMR
(Optical Mark Reader). Cohen’s Kappa was used to
check the agreement and Pearson’s correlation was
used to infer the correlation between the two mea-
sures (item writers’ perception of item difficulty and
Rightmark analysis). All the item developers (20)
were interviewed through an open-ended two-item
questionnaire. Interviews were recorded and tran-
scribed. Themes and subthemes were identified from
interview data through manual coding. The anonymi-
ty of the participants was maintained.

Results: A total of 1150 items from Anatomy, Phys-
iology, Biochemistry, Pharmacology, Pathology &
Forensic Medicine were compared. These items were
developed by 20 content experts. There was a weak
positive (r=0.11) but significant correlation (p=0.00)
between faculty perception and Right mark analysis
of the item difficulty. However, there was no agree-
ment between the two measurements (Cohen’s Kappa
k=0.042, p=0.027). The interviews of item developers
identified four major themes: Academic performance,
learning habits, the content targeted, and the item's
construction.

Conclusion: Experts consider contextual factors which
cover content and student background, when ranking
items, while psychometric analysis is based on item
performance data. Thus, contextual nuances may lead
to differences in judgment.

Keywords: Assessment, Expert Prediction, Dia Com
Framework, Item Difficulty, Test Psychometrics

Introduction

An ideal MCQ paper requires a balance of easy,
moderate, and difficult questions. Item difficul-
ty is a psychometric concept that measures how
easy or difficult a test item is to answer correctly.
It is determined in two ways. One common ap-
proach to predicting item difficulty is to rely on
expert judgments, where subject matter experts
rate the expected difficulty of each item based on
their experience and intuition. The item devel-
opers may have different reasoning for ranking
the items on a scale of difficulty (easy, moderate,
and difficult) and other characteristics (cogni-
tive level). This method has no set criteria for
categorizing items on the difficulty scale. An-

other approach is to use empirical data from
test administrations, where item difficulty is es-
timated using psychometric analysis (statistical
analysis).! Both methods have advantages and
limitations. The literature on the comparison of
the two methods reveals variable findings but
emphasizes the complexities of assessing item
difficulty in educational contexts. It showed a
correct estimate by the faculty of less than 50%
on the one hand, an underestimation of difficul-
ty by the faculty, and an overestimation by the
students on the other hand.**

In Pakistan, there is a drive to adopt MCQs
as the primary assessment tool for theoretical
knowledge in undergraduate healthcare edu-
cation. Departments of Medical Education in
almost every institute are training the faculty
to develop quality MCQs and interpret the sta-
tistical analysis of difficulty and discrimination
indices. The pre-testing of newly added items is
not only administratively and financially costly,
but can also compromise item security which
increases the reliance on expert judgment of
item difficulty.** However, the prediction of item
difficulty is an important task for test developers
and researchers, as it can inform the selection
and calibration of items for different purposes
and populations for example for the standard
setting of pass scores. In addition to that, this
skill is a part of the teachers’ assessment compe-
tence which is differentiable from other teacher
competencies.®

Loibl and colleagues termed this skill as “Diag-
nostic judgment” by the teachers; they proposed
a framework to understand the cognitive pro-
cesses causal to such decisions by the faculty, the
Diagnostic Judgment by Cognitive Modeling
(The DiaCom Framework).”

Although post-hoc report generation and in-
terpretation are routine in institutes where
MCQs are the desired assessment tool, our local
literature is not only lacking in data about the
comparison of item developers' judgment and
the post-hoc analysis but also in explaining the
cognitive processes in this regard. Therefore,
comparing the faculty judgment with the values
obtained from the post-test scores and under-
standing the experts' reasoning for this seems
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pertinent. In this study, we aim to compare the item developers'
perception of item difficulty with the one obtained from psy-
chometric analysis and discover the thought process behind the
ranking given by them. We believe this will inform our future
decisions while designing question papers. It will be a stimulus
to the developers for critical thinking allowing them to revisit
their judgments while ranking the items for future implementa-
tion of standard setting for determining passing scores.

Methodology

This was an explanatory sequential mixed-method study, which
was conducted after the approval of IRB-IMDC (94/IMDC/IRB-
2022) at Islamabad Medical and Dental College from October to
December 2022.

Phase 1 Quantitative strand

The ranking of items on difficulty and cognitive basis by test de-
velopers was done while submitting the items to the MCQ bank;
all item writers submitted their items individually to the bank.
The two parameters were recorded from there, of all the end-
of-module papers of 1%, 2™, and 3¢ year MBBS (20 modules)
in the year 2021. These were compared with the difficulty index
measured through psychometric analysis (condensed report)
obtained from the OMR (Optical Mark Reader) or Rightmark.
The item categorization of difficulty index (DI) on psychometric
analysis was easy items <0.76 DI, moderate 0.45-0.75 DI, and
difficult <0.44 D18

SPSS Version 20 was used for all statistical analyses. Cohen’s
Kappa was used to check the agreement between item writers’
perception of the item's difficulty and the Rightmark analysis
of the difficulty of items (difficulty Index). Pearson’s correlation
was used to find out the correlation between item writers’ per-
ception of item difficulty and assigned cognitive level as well as
item writers’ perception of item difficulty and Rightmark analy-
sis of the difficulty level of items.

The data from the question bank and the condensed reports
were used with the permission of the Head of the Examination
Department after approval from IRB.

Phase 2 Qualitative strand

All the faculty members (twenty) of the first three years of MBBS
whose items (MCQ) were used in the quantitative strand were
interviewed (criterion/purposive sampling) through a two-item
open-ended questionnaire.

1.What criterion do you use for ranking the item as easy mod-
erate and hard?

2.What is the basis for applying this criterion (factors influenc-
ing this reasoning)?

Cognitive pre-testing of the interview questions was done for
comprehensibility and respondent difficulties. It was done
through think aloud technique, probing, and debriefing. Items
were replaced and modified on that basis. The participants were
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Assistant professors, Associate Professors, and Professors in
their disciplines. All the participants had prior training for item
construction and identification of item writing flaws. Written
informed consent was obtained and all interviews were face-to-
face by the first two authors. A concurrent probing technique
was used during the interviews.

All the interviews were audio recorded and transcribed manual-
ly by the authors. No repeat interviews were done, and the aver-
age time of the interviews was 10 minutes. The transcribed files
were reviewed by all the researchers individually and matched
with the audio. Modifications were done through consensus.
Two strategies were used for generating meaning from tran-
scribed data:

1. Open coding of the words/phrases, counting frequencies of
the repeated words/phrases, followed by axial coding by com-
bining the codes with the constant comparative method. Clus-
tering was done by creating categories of words/phrases with
similar meanings or connotations. The themes were further di-
vided into subthemes.

2. Plausibility was checked with the help of analytic memos cre-
ated while going through the transcribed data in the form of
short phrases.

The findings were then interpreted based on Diagnostic judg-
ment by Cognitive Modeling Framework by Katharina Loibl and
colleagues.’

The anonymity of the participants was maintained. There were
no potential risks for the participants and no monetary benefit
was given to them.

Phase 3 Mixed method strand

The qualitative data was interrogated again by the first two au-
thors, to gain additional insight into the quantitative results.

Results
Quantitative strand

A total of 1150 items of the twenty item writers (from Anatomy;,
Physiology, Biochemistry, Pathology, Forensic Medicine, and
Pharmacology) who taught in a system-based integrated curric-
ulum in first three years of MBBS were used in the study. All
items were single best MCQs.

The item writers assigned a difficulty level to the items based on
their experience and perception. Rightmark (Avison Scanner
AD 240) calculated the statistical difficulty index for each of the
items.

The total number of items submitted by each writer and the
comparison of item writer perception to the Rightmark statisti-
cal analysis is shown in Table 1. The item writers also categorized
the questions according to their cognitive level (Recall or Appli-
cation). Of the 1150 questions, 763 (66.30%) were labeled as “re-
call’, while 387 (33.70%) were “application” by the item writers.
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Table 1: Number of items submitted by each item writer and the comparison of item writers’ perception & and Rightmark analysis

of difficulty
ITEM SUBJECT ITEM WRITER PERCEPTION (LEFT) & RIGHTMARK ANALYSIS OF
SUBMIT- DIFFICULTY (RIGHT)
TER EASY MODERATE DIFFICULT TOTAL
1 Physiology 50 47 22 23 11 13 83
2 Anatomy 3 20 58 24 2 19 63
3 Biochemistry 4 20 30 11 2 5 36
4 Anatomy 38 46 66 38 6 26 110
5 Biochemistry 37 16 15 25 0 11 52
6 Physiology 14 21 32 19 3 9 49
7 Anatomy 19 31 49 28 2 11 70
8 Physiology 26 29 53 30 5 25 84
9 Anatomy 14 17 31 18 1 11 46
10 Biochemistry 12 25 54 29 0 12 66
11 Biochemistry 0 19 61 30 1 13 62
12 Physiology 17 36 51 29 11 14 79
13 Pathology 6 9 30 14 4 17 40
14 Pharmacology 3 8 17 7 0 5 20
15 Forensic Medicine 49 36 59 28 0 44 108
16 Pharmacology 2 18 37 8 0 13 39
17 Pathology 15 15 29 21 6 14 50
18 Pathology 1 11 16 5 3 4 20
19 Pharmacology 1 5 42 15 0 23 43
20 Pathology 6 9 21 18 3 3 30
TOTAL 307 438 771 420 56 292 1150

There was a weak positive (r=0.26) but statistically significant
correlation (p = 0.000) between faculty perception of the diffi-
culty of items and their assigned cognitive levels implying that
more difficult questions were labeled as Application cognitive
level.

In table 2, all of the comparisons show no agreement between
the two measurements, and of all the writers, writer 12 and 17
showed the highest level of agreement.However, there was seen
a weak positive but statistically significant correlation between
faculty perception of difficulty of items and Rightmark analysis
(r=0.11).

Qualitative strand

Of the twenty item developers, eighteen agreed to participate in
the study. There were 2 (20%) male and 16 (80%) female partici-
pants with an age range of 30-68 years. We explored the thought
process of the item developers for the categorization of the items
on a scale of difficulty. In response to the first question, four
themes and eight subthsemes were identified. The themes were
categorized under two heads; related to students and related to
items (Table 3)
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Two factors emerged in response to the second question: 1; the
interactions of the test developers with the students in class and
2; their teaching experience. When we asked them why their
item ranking did not match the post-test analysis, some attribut-
ed the students (for not studying well or being stressed during
the exam); some acknowledged their errors and some claimed
that they usually ranked the items correctly.

We interpreted the qualitative findings in light of the DiaCoM
framework (Figure 1), which stands for Diagnostic Judgements-
by Cognitive Modeling Framework, designed by Loibl and col-
leagues.”

Mixed method strand

A review of the qualitative data in the perspective of quantitative
results led to the following insights:

1. The experts were too focused on didactic teaching, they
thought that students learn only through lectures and stu-
dent-centered learning methods are of little use.

2. Almost all experts thought that the recall questions were easy,
yet they tagged the majority of the recall items as moderate.
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Table 2: Agreement between Item writers’ perception and Rightmark difficulty analysis

ITEM SUBMITTER Agreement (Cohen’s Kappa, k) P
1 0.125 0.120
2 0.009 0.846
3 0.027 0.721
4 -0.030 0.642
5 0.042 0.622
6 0.035 0.728
7 -0.104 0.215
8 -0.007 0.918
9 0.108 0.870
10 0.152 0.43
11 -0.022 0.352
12 0.189 0.010
13 -0.21 0.809
14 0.066 0.538
15 0.070 0.176
16 -0.50 0.157
17 0.178 0.068
18 -0.145 0.103
19 -0.027 0.226
20 0.085 0.543

Table 3: Themes and subthemes for assigning an item easy, moderate, or difficult by the experts

Themes and subthemes

Illustrative Quotes

Theme “Academic performance”

Subtheme “Average student “

“A moderate question is the one that an average student will be able to solve”
“An easy question is the one that a below-average student can answer correctly”

Theme “Learning habits”

Subtheme “Superficial learners”

“Most of the students study superficially to answer the MCQs”

Theme “Construction of the Item”

Subtheme “Cognitive level”

(Application or recall)

“The recall questions are easy because there is not so much mental work”.
“We categorize recall questions under the easy category and usually, applica-
tion-based questions are categorized as moderate and difficult”

Subtheme “The phrasing of the items”

“When something is asked indirectly they are categorized as difficult”

Theme “Content”

Subtheme “Repetition”

«

“Easy questions are the ones that target content repeated many times *

Subtheme “Teaching Strategy”

“Difficult ones are the ones targeting content that is left to the students for self-
study. For example, some learning objectives are covered through small group
discussions with students knowing that they are not that important”

Subtheme “Difficult concepts”

The difficult items have difficult concepts that are difficult to retain

(5C) Sitnation Characteristics
concepiualized as

(MEB)Diagnostic Behavior
conceptualized as observable

Framing s oy Product Indicators
- MBRES students il Process - Ttem difficulty _
- earming habi = L H
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=
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Figure 1: The DiaCom Framework
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Discussion

In this explanatory sequential mixed method study, the expert
prediction of item difficulty was compared with the one obtained
from psychometric analysis for agreement between the two (the
quantitative analysis). Later the experts were interviewed to ex-
plain the quantitative findings, which led to the unveiling of four
themes (the qualitative analysis); Academic performance, learn-
ing habits, the content targeted, and the item's construction. The
quantitative analysis revealed no agreement between the item
writers' perceptions and the actual item difficulty. This is con-
trary to the expectation as the item writers are not only experts
with postgraduate qualifications but with teaching experience
ranging from three to thirty years. Our observation conflicted
with the findings of Witat Fakcharoenphol and colleagues who
had observed accurate predictions of test item difficulty by the
content expert test-makers’ and attributed this to their experi-
ence. The qualitative strand showed that they have varied rea-
sons for their classification. It is reasonable to state that assign-
ing the item difficulty is very subjective and it is not unusual that
the two measurements do not match.” Urhahne and Wijnia in
their meta-analysis on the accuracy of school teachers’ judgment
concluded that teachers’ experience is only weakly associated
with judgment accuracy.’ We can also attribute these findings
to the “Experts’ blind spot” that leads teachers to inaccurately
judge student abilities especially while assessing the difficulty
of the task."" Interesting facts were revealed while exploring the
reasoning behind their perception of an item’s difficulty. It was
influenced by two main factors; the characteristics of the stu-
dents and the item suggesting that it is not a fixed attribute, but
a relative and situational one.

Our experts compared the difficulty of an item to the expected
level of performance of the students and adjusted their judg-
ment accordingly. For example, they characterize a student as an
“average performer” if his or her assessment scores are close to
the mean. They would classify the questions expected to be an-
swered correctly by such students of moderate difficulty. This as-
sumption about the competence of the examinees while design-
ing test items aligns with the guidelines by Gerard and Janine
who argue that it is important to consider the “level of student
population” while composing the assessment for a given perfor-
mance standard so that it can be associated with the difficulty
of the assessment. This is a usual practice in standard-setting
procedures to think about an average or below-average student
while assigning difficulty to test items.*> The second theme refers
to the faculty members’ perception of the learning habits of their
students. They generally had the view that most of the students
were superficial learners. Thus while ranking they classify the
items that require deeper thinking as difficult compared to the
ones targeting lower thinking levels like recall and comprehen-
sion. This notion is linked to the other subtheme “cognitive lev-
el” identified under the theme “construction of the item” where
the same reasoning is repeated that an item targeting a higher
cognitive level like application is ranked as moderate or difficult
as compared to the one targeting testing of rote memory. This
was in line with the findings of the quantitative strand where a
weak positive but statistically significant correlation was found
between the cognitive level and difficulty of items. However,
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there is conflicting evidence in the comparable literature. The
findings of Rush and colleagues are closer to our observations
that increasing the cognitive complexity directly increased the
difficulty of the items.”? The percentage of recall (60% vs 66%)
and application (30% vs 34%) items in both studies is also sim-
ilar. However, the works of Pedro et al and Kibble and John-
son did not find any correlation between the cognitive level of
the item and the difficulty of the item on psychometric analy-
sis.!’*'* The difference might be due to the difference in sample
size and characteristics of the cohort or the delivery of content;
whatever the case maybe our quantitative results are validat-
ing the perceptions of the experts in this case. The experts also
shared that phrasing of the item is important because indirect-
ly asked questions were termed as difficult and directly asked
questions as easy, by them. This premise aligns directly with the
theory of affordances which implies that the way information
is presented influences the way the human mind processes it."”
Different ways of presenting the same problem lead to distinct
problem-solving approaches.® Thus indirectly asked questions
require additional cognitive processing as compared to direct
ones. Analogously, they lack clear affordances, making them
more challenging. Consequently, the directly asked questions
are perceived as easier because the affordances guide the respon-
dents. The most repeated word in the transcribed text was con-
tent and it emerged as a separate theme. It influenced the item
writer in different ways; they thought of content in terms of its
difficulty, its repetition in class, and the teaching strategy used.
They based their judgment of the difficulty of items on the con-
cepts the students struggled with'® which they identified during
formal or informal student interaction."” Similarly, they deemed
that content or information easy that was repeated or reiterat-
ed in various academic sessions. Another interesting subtheme
was the teaching strategy. Some of the experts thought that the
content learned through learner-centered strategies like small
group discussions and problem-based learning were difficult
and the ones taught by the experts in the lectures were relatively
easy. Hence, they ranked the item based on the teaching method
used as well. This perception is contrary to the empirical evi-
dence where learner-centered strategies are proven to improve
students’ critical thinking and application of content.’¥The re-
searchers endorse the teachers’ ability to identify learners’ level
of understanding and predict their performance is crucial for
effective teaching. Although the research struggles to precisely
measure or link it directly to better learning outcomes." Appli-
cation of DiaCom framework to our qualitative findings (Figure
1) depicted how Situational Characteristics (SC), such as basic
health sciences context and framing biases, influence Perceptual
Characteristics (PC), including mindset and professional expe-
rience. These characteristics impact Diagnostic Thinking (DT),
which involves assessing situations and decision-making pro-
cesses. The framework suggests that these elements collective-
ly contribute to Diagnostic Behavior (DB), observable through
various product and process indicators. This model highlights
the complexity of diagnostic decision-making and the interplay
between different factors affecting it.

Limitation

The limitation of our study is that it focused only on the preclin-
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ical years in a single institute. Valuable insights would have been
gathered by including clinical teachers in the study and analyz-
ing the item statistics from clerkship exams.

Conclusion

The expert prediction is influenced by many factors which are
usually contextual and lead to discrepancies and errors in judg-
ments. In contrast to that the psychometric analysis is solely
based on statistical properties like response patterns. Despite
the soundness of reasoning, these findings raised questions
about the quality of expert judgments because of the stark dis-
agreement between the two rankings. While experts’ insights are
valuable and educationists suggest a combination of both per-
spectives (experts’ opinion and psychometric history) of items
for predictability, we advise otherwise and propose reliance on
item history.

Implications of the study

Many variables have been suggested to explain item difficulty,
but predicting item difficulty is still a difficult problem in ed-
ucational assessment. This study has the potential to affect dif-
ferent areas; it can inform how we weigh expert predictions
versus data-driven approaches (psychometric analysis) in deci-
sion-making, it can contribute to the development of AI systems
combining expert knowledge with data analysis leading to more
accurate predictions, information can be used to develop train-
ing programs for experts for improved judgment.
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