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ABSTRACT

Objective Most health literacy measures rely on
subjective self-assessment. The Critical Thinking about
Health Test is an objective measure that includes two
multiple-choice questions (MCQs) for each of the nine
Informed Health Choices Key Concepts included in the
educational resources for secondary schools. The objective
of this study was to determine cut-off scores for passing
(the border between having and not having a basic
understanding and the ability to apply the nine concepts)
and mastery (the border between having mastered and not
having mastered them).

Design Using a combination of two widely used methods:
Angoff’s and Nedelsky’s, a panel judged the likelihood
that an individual on the border of passing and another

on the border of having mastered the concepts would
answer each MCQ correctly. The cut-off scores were
determined by summing up the probability of answering
each MCQ correctly. Their independent assessments were
summarised and discussed. A nominal group technique
was used to reach a consensus.

Setting The study was conducted in secondary schools in
East Africa.

Participants The panel included eight individuals with

5 or more years’ experience in the following areas:
evaluation of critical thinking interventions, curriculum
development, teaching of lower secondary school and
evidence-informed decision-making.

Results The panel agreed that for a passing score,
students had to answer 9 of the 18 questions and for a
mastery score, 14 out of 18 questions correctly.
Conclusion There was wide variation in the judgements
made by individual panel members for many of the
questions, but they quickly reached a consensus on the
cut-off scores after discussions.

INTRODUCTION
Critical thinking is one of the most often
included competencies in education systems
the world over.!™ However, there is little
agreement on its definition* or how it should
be taught and evaluated.’

If health literacy is the ability to access,
understand, appraise and apply health

,” Robert Ochieng,? Cyril Oyuga,® Innocent Uwimana,®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The cut-off scores were determined using a combi-
nation of robust methods.

= The judging panel had content expertise and famil-
iarity of context.

= The panel included eight people, a number on the
lower end of the spectrum recommended for both
methods used.

information,” then critical health literacy is
potentially a higher order thinking process
(critical thinking) that could be developed
through education to critically appraise infor-
mation relevant to health.”

Within the educational sector, critical
thinking focuses on dispositions and abilities
that help people to decide what to do or what
to believe. While critical thinking and health
are widely included in primary and secondary
school curricula, critical health literacy or
critical thinking about health is not.*™"

Individuals with higher levels of health
literacy are more likely to make healthy
choices in life. Poor health literacy has been
found to be a barrier to access to basic health
services such as screening,” lower adoption
of preventive actions such as vaccination and
insufficient understanding on the role of
antibiotics."!

People with higher health literacy levels
make better decisions when it comes to their
health, they are more capable of adhering to
treatments and they make more efficient use
of resources.’

Health literacy assessment is recognised
as an important consideration in delivering
appropriately tailored effective healthcare
and achieving better health outcomes.'
However, health literacy assessment tools
continue to primarily focus on individuals

BM)

Nsangi A, et al. BMJ Open 2023;13:€066890. doi:10.1136/bmjopen-2022-066890 1

"1ybuAdos Ag paroarold
"CING 11 Buebin Bap 116 19x8101|0109S[9H e €202 ‘TT |Mdy uo /wodfwq uadoligy/:dny wol papeojumod "€z0z Arenigad 'z Uo 068990-2z0z-uadolwa/9eTT 0T Se paysiignd 1siiy :uado rINg


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-8702-9217
http://orcid.org/0000-0001-7370-1121
http://dx.doi.org/10.1136/bmjopen-2022-066890
http://dx.doi.org/10.1136/bmjopen-2022-066890
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-066890&domain=pdf&date_stamp=2023-02-24
http://bmjopen.bmj.com/

and are slow in shifting from a medical perspective
towards a societal one."”

The most frequently used tools reported in the litera-
ture are the Rapid Estimate of Adult Literacy in Medicine-
Short Form, which tests reading ability through word
recognition and pronunciation'*; the Test of Functional
Health Literacy in Adults, which requires patients to
read and complete missing sections of selected passages
of information to measure reading comprehension, as
well as to read and apply the information on prescrip-
tion labels and appointment slips to assess numeracy'’;
and the Newest Vital Sign, a quick assessment of reading
comprehension and numeracy, requiring patients to read
an ice cream nutritional label, then answer six problem-
solving questions.'® !

All of these health literacy assessment tools, and
other instruments used in children and adolescents'
focus on functional literacy and do not assess critical
health literacy particularly people’s ability to appraise
health information. Health literacy tools that include
measures of critical health literacy, such as the Euro-
pean Health Literacy Survey Questionnaire, tend to rely
on subjective self-assessment, which does not correlate
with cognitive skills, rather than objective performance
which does."

The Informed Health Choices (IHC) project has devel-
oped learning resources based on a framework of concepts
that people should understand and apply to assess health-
care claims and make informed health choices.'” We
initially developed resources for primary school children
(10-12 years old). Those resources included a textbook, a
workbook, a teachers’ guide, a set of cards for one of the
lessons and a classroom poster. The resources were found
effective after being evaluated in a cluster randomised
trial in Uganda.”” Those resources addressed 12 THC Key
Concepts—concepts that students should understand
and apply to assess healthcare claims and make informed
health choices.”! *

Building on this body of work and context analyses in
Kenya, Rwanda and Uganda,” we have developed digital
resources for lower secondary school students (ages 14-16
years) in East Africa. Those resources, which address nine
prioritised Key Concepts (table 1),* are being evaluated
in cluster randomised trials.**>°

The primary outcome measure for the trials, an objec-
tive measure of critical health literacy, is a test with
multiple-choice questions (MCQs) from the Claim Eval-
uation Tools item bank. The item bank contains MCQs
that can be used to measure an individual’s ability to
apply each of the 49 THC Key Concepts.”” The MCQs can
be used to assess learners’ abilities, evaluate the effective-
ness of interventions or map people’s abilities.

The ‘Critical Thinking about Health (CTH) Test’
includes two MCQs for each of the nine Key Concepts
addressed by the IHC lower secondary school resources.
The primary outcome for the trials is the proportion of
students who have a passing score on the CTH Test. Deter-
mining the proportion of students who pass requires

Table 1 Key Concepts included as learning goals in the
IHC lower secondary school learning resources

Higher-level concepts Included Key Concepts

Claims

Claims about effects that are not supported by evidence
from fair comparisons are not necessarily wrong, but there is
an insufficient basis for believing them.

Assumptions that treatments 1. Do not assume that
are safe or effective can be  treatments are safe.

misleading. 2. Do not assume that

treatments have large,
dramatic effects.

3. Do not assume that
comparisons are not needed.

4. Do not assume that
personal experiences alone
are sufficient.

Trust based on the source
of a claim alone can be
misleading.

5. Do not assume that a
treatment is better based on
how new or technologically
impressive it is.

Seemingly logical
assumptions about
treatments can be
misleading.

6. Do not assume that a
treatment is helpful or safe
based on how widely used it
is or has been.

Comparisons

To identify treatment effects, studies should make fair
comparisons, designed to minimise the risk of systematic
errors (biases) and random errors (the play of chance).

7. Consider whether the
people being compared were
similar.

Comparisons of treatments
should be fair.

8. Be cautious of small
studies.

Descriptions of effects
should reflect the risk of
being misled by the play of
chance.

Choices

What to do depends on judgements about a problem, the
relevance of the available evidence, and the balance of
expected benefits, harms and costs.

Expected advantages 9. Weigh the benefits and
should outweigh expected savings against the harms
disadvantages. and costs of acting or not.

IHC, Informed Health Choices.

determining a cut-off score, above which learners pass. In

this context, a passing score indicates that learners:

» Have a basic understanding of the concepts and how
to apply them.

» Do not need to repeat lessons or receive some other
additional or alternative instruction.

» Are ready to go on to subsequent lessons that rein-
force learning of the same concepts and introduce
new concepts.

Setting a standard is essential to ensure that the test
results will be meaningful, interpretable and defensible.*®
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There is currently no relevant empirical literature on
setting a standard for the CTH Test. Interpreting average
differences in scores for a test or other continuous (or
count) outcome measures is challenging.” It requires a
basis for judging the importance of an average difference.
For instance, a small average difference in test scores
might be due to most students doing a little bit better
or to a few students doing a lot better when comparing
two groups of learners. The difference in the proportion
of learners who have a passing score is more meaningful
and easier to interpret than an average difference in
test scores. However, one major statistical drawback for
dichotomising this continuous variable may result in a
loss of descriptive information on the performance of the
study population. For example, the nature and extent of
differences between individuals with poorer performance
are lost when a cut-off score is dichotomised as having/
not having passed with a passing or mastery score.”

Objectives

The objectives of this study were to determine cut-off
scores for passing (having at least a borderline ability to
apply the concepts) and mastery (having mastered the
concepts) for the secondary school resources.

METHODS
We applied a modification of the Nedelsky’s and Angoff’s
methods to determine an absolute standard.”’ Both
methods rely on expert judges and the concept of indi-
viduals who are on the border of passing or failing. In the
Nedelsky’s method, judges eliminate response options
that a borderline learner would be able to eliminate.”
The chance of getting each question correct is then equal
to one divided by the number of remaining response
options. For example, if there are two remaining response
options (one of which is the correct option), the chance
of a borderline individual answering the question correct
is one-half or 50%. The resulting cut-off score is then
determined by adding up the probabilities for all the
questions.

With Angoff’s method, which is one of the most widely
used, the judges assess the difficulty of each question as
a whole.”® The Angoff’s method relies on subject matter

experts who examine the content of each question (item)
and then predict how many minimally qualified test takers
would answer the item correctly.

Using a combination of Nedelsky’s and Angoff’s
methods, starting with Nedelsky’s method, the judges
increased or decreased the probability of answering
each question correctly based on an overall assessment.
This gave them a logical approach to making an initial
judgement about the difficulty of each question. It then
allowed them to adjust for uncertainty about the number
of response options a borderline individual would elim-
inate, the difficulty of the stem (scenario) for the ques-
tion, the difficulty of the concept, and anything else that
may have made a question more or less difficult.

For each method, there are five stipulated steps:

1. Selection of judges.

2. Defining ‘borderline’ knowledge and ability.

3. Training of the selected judges in the use of the meth-
od.

4. Collection of their judgements.

5. Combining the judgements to determine a cut-off.

Selection of the judges

In March 2022, we purposively selected and recruited
four types of judges: lower secondary school teachers who
participated in the pilot in each country to ensure that
the judgements made were appropriate for the target
audience and the context, health systems researchers
and individuals who teach evidence-informed decision
making, and curriculum developers and educational
researchers with experience in evaluation of educational
interventions designed to teach critical thinking skills
(table 2).

The recommended number of judges when using
the Angoff’s method ranges from 5 to 30.* For this
study, we recruited a total of eight judges,” a number
that we considered to be manageable and adequate for
making the required judgements while relying on our
previous experience establishing a standard for passing
and mastery for our earlier resources of primary school
students.™

We had initially contacted nine individuals, all of whom
agreed to participate in the process apart from one who

Table 2 Judges

Sex Country Background

Judge 1 M Kenya Curriculum specialist/educational researcher
Judge 2 M Rwanda Curriculum specialist/educational researcher
Judge 3 F Norway Educational researcher

Judge 4 F Norway/Uganda Health systems researcher

Judge 5 F Uganda Secondary school teacher

Judge 6 M Rwanda Secondary school teacher

Judge 7 F Croatia Health systems researcher

Judge 8 M Kenya Secondary school teacher
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cited a busy work schedule, thereby leaving us with a
number necessary to enable valid inferences to be made
in addition to meaningful participation in the discussions.

A commonly held view in the scientific literature is that
the resulting cut-off scores may be more accurate as the
subject expertise of the judges increases, but that asser-
tion has not been empirically confirmed.* *"#

For this study, we aimed to ensure diversity within the
panel of judges by selecting experienced individuals (5 or
more years) with the following types of expertise:

» Health researchers and people who teach evidence-
informed decision-making.

» Educational researchers with experience evaluating
interventions to teach critical thinking skills.

» Curriculum or examination developers.

» Lower secondary school teachers in East Africa.

We invited at least one teacher from each country who
participated in the pilot study of the learning resources
to help ensure that the cut-offs are appropriate for the
context in which the learning resources were to be evalu-
ated. The context under consideration is lower secondary
schools in East Africa, comprising of high teacher—
student ratios of about 1:60 on average, limited resources
and students with English as a second or third language.
Judges were provided with instructions in advance on
how judgements would be made (online supplemental
appendix 1).

Definition of borderline knowledge and ability

We defined a student on the border of passing as an indi-
vidual who may or may not have a basic understanding
of the concepts and the ability to apply them, may or
may not need additional instruction, and may or may not
be ready to go on to subsequent lessons. We defined a
student on the border of master as an individual on the
border between having mastered and not having mastered
the nine key concepts, having a basic understanding of
the concepts and how to apply them and having a clear
understanding the concepts and how to apply them,
and not needing and clearly not needing additional or
alternative instruction and being ready to go on to other
lessons which will reinforce learning of the same concepts
and introduce new concepts.

We created personas that were characteristic of people
on the border of passing and of people on the border
of having mastered the concepts (online supplemental
appendix 2).

Training of the selected judges

The training of the selected judges occurred remotely,
having sent the training materials (protocol, CTH Test,
instructions and personas) a few days prior to the 1-hour
online discussions where judges were given an opportu-
nity to ask questions.

The instructions provided to the judges were discussed
in detail before they started making their judgements
(online supplemental appendix 1). The main objective of
the training was to enable the judges to assess the difficulty

of each question for two types of test takers: (1) ones who
have a borderline understanding of the concepts they
need to assess claims about treatment effects and (2) ones
who have mastered the concepts. The judges took the
CTH Test before they made judgements about the diffi-
culty of the questions. On completion of the test, we did
not assess their individual performance on the test but
gave them the right answers to the questions as reference
for when they made their judgements. We anticipated
that giving them the correct answers after attempting the
test themselves would help give them a sense of how diffi-
cult the questions were but individual assessments of their
performance would not be necessary since some of the
judges had participated in teaching the concepts in pilot
schools thereby creating an unfair advantage.

The judges had a practice round with six MCQs with
different degrees of difficulty before making their indi-
vidual judgements. This exercise informed a discussion
of what made a question easy or difficult. It also alerted
them to their tendencies to be more or less pessimistic
about the probability of a borderline student answering
questions correctly in comparison with the other judges.

The ‘CTH Test’, although availed to the judging panel
for purposes of setting a cut-off, is currently not available
with this manuscript to avoid contamination pending the
preplanned evaluations in the three East African coun-
tries for whose purpose a cut-off score is being set.

However, the Claim Evaluation Tools item bank found
here is open access and free for non-commercial use.

Collecting judgements and combining the judgements to
determine a cut-off

The judges independently made their judgements for
all 18 MCQs. One of us (AN) calculated the mean and
the median for each MCQ and for the cut-off score. She
presented these and the range to the judges. The judges
were also shown the difficulty of the MCQs based on the
results of the Rasch analysis after making their judge-
ments (online supplemental appendix 3). AN and AO
moderated an online discussion during which disagree-
ments were discussed and resolved.

We used a nominal group technique to reach a
consensus.” We initially shared all the judgements for
each MCQ with the judges. We then invited those from
each end of the spectrum to provide reasons for their
judgements, before inviting others to comment. After the
final cut-off score was agreed upon, we checked to make
sure that all the judges agreed with the cut-off scores,
and adjustments were made, if needed, based on the
consensus of all the judges.

The same approach was used to determine a cut-off
score for passing and for mastery.

Patient and public involvement

There was no patient or public involvement in the study.
In addition to participating in the process for the estab-
lishment of a standard for passing and mastery, study
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participants have also been involved in the interpretation
of the study results and the write-up of this manuscript.

RESULTS

The discussions and consensus meetings were conducted

online on 9 March and 22 March 2022. During the pilot,

the judges agreed on the following:

» With a combination of prolonged school closures
in East Africa due to the COVID-19 pandemic and
English being a second or third language for many
of the test takers, the judges agreed as a rule to always
decrease the probability of answering a question
correctly by at least 10% for both borderline and
mastery test takers to account for reading errors.

» For purposes of determining the cut-oft score, the
judges agreed about the importance of keeping in
mind the contexts in which we are using the test and
the cut-off scores.

During our discussions about the judges’ reasoning, we
found that different judges had different reasons for their
judgements, and each judge tended to apply the same
reasoning across the MCQs.

Apart from one of the judges, who had participated in
teaching the content to lower secondary school students
during the piloting of an earlier version of the resources,
the judges were not consistently biased towards under-
estimating or overestimating the difficulty of the MCQs.
Although there were substantial differences in the panel’s
independent judgements about the difficulty of each
MCQ (online supplemental appendix 4), there was less
disagreement when the probabilities for each MCQ were
summed up to determine the cut-offs, and the judges
quickly came to a consensus about the difficulty of each
MCQ and the cut-offs after a couple of deliberations, with
each lasting at least an hour (table 3).

Following discussions of each MCQ and the cut-offs,
the judges agreed that at least 9 questions out of 18
needed to be answered correctly to pass and at least 14
questions needed to be answered correctly to demon-
strate mastery of the concepts.

DISCUSSION
Empirical studies have shown that when judges use a
common definition of minimally competent test takers,

this tends to increase judgement consensus when deter-
mining cut-off scores.” Although there was substantial
variation in the judges’ independent assessments of the
difficulty of each MCQ, the judges quickly reached a
consensus, which is consistent with findings from multiple
studies that determined cut-off scores.”® *

We provided the judges with performance data after
they made their independent judgements, and made
them aware that although the data provided an indica-
tion of the relative difficulty of the questions, it did not
provide an indication of the probability of a borderline
test taker answering a question correctly, since most of
the Rasch analysis data*’ came from a mix of people, most
of whom had not been taught and were not familiar with
the IHC Key Concepts. Some studies have indicated that
when judges view normative data, they tend to contami-
nate the process and systematically lower cut-off scores.”*’
However, there is no indication that this occurred in this
study.

When assembling a panel of judges, both the Angoff’s
and Nedelsky’s methods recommend between 20 and 30
judges who are representative of the population to which
the standards will be applied.19 However, there is little
agreement on the appropriate number of judges,'*'® and
several studies have found that between 5 and 10 judges
is a manageable number and sufficient to determine cut-
offs. In this study, the eight judges who participated in
determining the cut-off scores came from different disci-
plines (education, health and evidence-based practice)
and countries (Croatia, Kenya, Rwanda, Norway and
Uganda).

Evidence suggests that cut-off judgements made using
the Angoff’s method are reproducible,g7 but there is
a possibility for variability in cut-offs determined by
different groups of judges as experience and context are
brought into play.* There is no gold standard for setting
a passing score. However, to ensure that the resulting
cut-off is reproducible and unbiased, the approach that
is used should ensure the credibility of the judges and
use a systematic approach to collect their judgements.
The key aspects to consider when selecting judges are
their content expertise, familiarity with the context and
examinees, and achieving a good balanced in gender and
ethnicity.” This study met all these standards.

Table 3 Individual and consensus summary judgements

Judges J-001 J-002 J-003 J-004 J-005 J-006 J-007 J-008 Consensus
Rasch 8

Chance 6

Pass score (out of 18 questions) 12 7 8 7 8 14 10 10 8.76 (9)
Mastery score (out of 18 questions) 14 14 13 11 13 17 16 11 14.06 (14)

Judges=J-001-J-008 (eight individuals).

Rasch=expected score based on difficulty of each question from Rasch analysis (proportion of participants who answered each question

correctly).*!
Chance=expected score by chance (guessing) alone.
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Strengths and limitations

We determined the cut-off scores using a combination
of robust methods such as Angoff’s and Nedelsky’s while
working with a panel of judges who had content exper-
tise and were familiar with the context. The cut-offs were
established for students in lower secondary schools in
East Africa. It is uncertain whether the same cut-offs are
appropriate for other contexts.

However, the methods used in this study are robust and
efficient and could be used in other settings, as well as
for other tests using questions from the Claim Evaluation
Tools database or other MCQs.™

Although the number of judges recommended by both
the Angoff’s and Nedelsky’s methods ranges from 5 to
30, we were on the lower end of the spectrum with only
eight members on the judging panel, a number we found
manageable but may have left out significant contribu-
tions from others to the judgements.

CONCLUSION

Although there was wide variation in many of the indi-
vidual judgements, it was possible to reach a consensus
on the cut-off scores for passing and mastery in an online
meeting that lasted less than 90 min.

The use of a combination of the Angoff’s and
Nedelsky’s methods, in addition to initial agreement
on some general guidance following a pilot, ensured an
appropriate process that resulted in absolute standards
for having a basic understanding (passing) and mastery
of the nine concepts addressed in the IHC secondary
school resources.
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