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Introduction: Core concepts are foundational, discipline-based ideas considered
necessary for students to learn, remember, understand, and apply. To evaluate
the extent to which a concept is “core,” experts often rate concepts using various
criteria, such as importance, complexity, and timeliness. However, there is a lack
of validity evidence for core concepts criteria.

Methods: Using a three-facet Many-Facet Rasch Measurement (MFRM) model,
we analyzed 7,558 ratings provided by 21 experts/raters for 74 pharmacology core
concepts using five criteria measured on a five-point scale.

Results: All of the criteria had Infit or Outfit MnSq values within the expected
range (0.5<MnSq<1.7), suggesting the criteria contained an acceptable amount of
variability; a reliability index of approximately 1.00 suggested that the criteria were
reliably separated with a high degree of confidence. The rating scale Outfit MnSq
statistics also fell within the 0.5-1.7 model fit limits; the "average measure” and
“Rasch-Andrich thresholds” increased in magnitude as the rating scale categories
increased, suggesting that core concepts with higher ratings were in fact meeting
the criteria more convincingly than those with lower ratings. Adjusting expert
ratings using the MFRM facets (e.g., rater severity) resulted in reorganization of
core concepts rankings.

Conclusion: This paper is a hovel contribution to core concepts research and is
intended to inform other disciplines seeking to develop, implement, and refine
core concepts within the biomedical sciences and beyond.

core concepts, concept inventories, criteria, pharmacology, many-facet rasch
measurement

1. Introduction

Core concepts are foundational ideas that experts agree are critical for all students in their
discipline to learn, remember, understand, and apply (Libarkin, 2008). Over the past three
decades, many disciplines have demonstrated the utility of reaching consensus on the core
concepts of their discipline, and identifying ways to assess student attainment of those concepts.
Research on core concepts has led to the adoption of new evidence-based approaches to
undergraduate teaching and assessment in numerous disciplines, including biology, chemistry,
genetics, physics, and physiology (e.g., Hestenes et al., 1992; Libarkin, 2008; McFarland et al.,
2017). Examples of research-based core concepts include gravity in physics (Hestenes et al.,
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1992), homeostasis in physiology (Michael et al., 2017), and drug
absorption in pharmacology (White et al., 2021). In all these
disciplines, core concept research and development began with the
identification of a consensus list of core concepts. To this point,
however, there has been no validity evidence published for the criteria
used to identify and evaluate the suitability of potential core concepts.

Over the past 30years, various methodologies have been
employed to identify core concepts in higher education. Most
researchers have elicited opinions of individual disciplinary experts
through interviews, surveys, or Delphi methods (e.g., Boneau, 1990;
Landrum, 1993; Brewer and Smith, 2011; Parekh et al., 2018). Other
researchers have extracted core concepts from textbooks through
page-by-page expert analysis (Zechmeister and Zechmeister, 2000) or
data-mining techniques (Foster et al., 2012). Some have used multiple
methods, such as combining expert input and data-mining techniques
(Landrum, 1993; White et al., 2022).

Whatever methods are used, identifying a long list of potential/
candidate/provisional core concepts is only a first step in the process.
Next, disciplinary experts need to apply criteria to determine which
of the concepts are sufficiently “core” to make the final short list.
Researchers have used varying criteria and rating scales to evaluate the
extent to which a concept is core. Boneau (1990), for example, asked
experts to rate psychology terms on a five-point scale, with the highest
rating reserved for those terms that “every psychology baccalaureate
should be able to discuss and relate to other terms”” Three years later,
Landrum (1993) refined this criterion with a four-point scale focused
on importance, ranging from 1—unimportant to 4—very important.
Parekh et al. (2018) used three criteria—importance, difficulty, and
timelessness—each rated on a 10-point scale. For example, a 10 for
importance was described as “Absolutely essential; leaving this topic
out would be egregious, and topic is appropriate for the target,” a 10
for difficulty was described as “Few, if any, students will have mastered
this topic after the target course or curriculum” and a 10 for
timelessness was described as “Foundational and highly relevant
across essentially all technologies throughout the foreseeable future”

The judgment of disciplinary experts is critical in the process of
core concept identification. However, input from experts can
be subject to rater bias, defined as the conscious or unconscious
tendencies that influence the rating process. Conscious or unconscious
tendencies that contribute to rater bias are construct-irrelevant;
however conscious tendencies could also contribute to accurate
ratings. There are more than 40 known types of rater errors that result
in bias, including assimilation effect (i.e., intentionally providing
ratings that likely will be similar to other raters to avoid appearing
extreme), fatigue (i.e., providing a questionable rating as a result of
feeling tired), hurriedness (i.e., providing ratings that are influenced
by one’s desire to quickly complete the task), and severity (i.e.,
providing ratings that are unduly harsh or critical; Royal, 2018). Using
clearly defined criteria and scale-point anchors in the rating process
can mitigate this bias, decreasing the likelihood of construct-irrelevant
variance (i.e., measurement inflation or deflation due to uncontrolled
or systematic measurement error, or “noise”).

To date, research explicating construct-irrelevant variance in core
concept ratings—as well as potentially adjusting for its effects—
remains unexplored. Validating the criteria that characterize core
concepts in this way is critical for advancing the methodology of core
concepts research for higher education. As such, the purpose of this
study was to explore our core concepts rating criteria, specifically
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examining how raters and criteria influenced the ratings of core
concepts, and how the rating scale performed. While data used in this
study are drawn from core concept research in pharmacology—
defined as the science of drugs or medicines and their interactions
with biological systems—the analyses employed could be applicable
to any discipline researching core concepts. This paper is the first of
its kind in core concepts research and is intended to inform other
disciplines seeking to develop, implement, and refine core concepts
within the biomedical sciences and beyond.

2. Methods
2.1. Development of criteria

In an earlier study involving pharmacology educators, a literature
review was used to identify criteria that could be used to distinguish
core concepts from other concepts or terms (White et al., 2021). Five
criteria were drawn from multiple disciplines and further refined as
follows: Fundamental—foundational, essential to learn and
understand the discipline and representing the notion that all students
who have taken a course in the discipline should understand the
concept (Boneau, 1990); Useful—can be employed to solve problems
and interpret new scenarios in the discipline (Harlen, 2010; Michael
etal,, 2017); Enduring—likely to remain unchanged over generations;
(Parekh et al., 2018; Tweedie et al., 2020); Challenging—difficult for
students to learn (Parekh et al., 2018); and, Complex—made up of

many underlying facts and sub-concepts (Michael et al., 2017).

2.2. Data collection

A starting list of 74 pharmacology concepts were identified using
a combination of text mining and expert survey (White et al., 2022).
Initially, 590 terms were produced by survey of 201 international
pharmacology experts, and a further 100 terms were produced via text
mining. These 690 terms were consolidated to a list of 74 candidate
core concepts after removal of duplicates and lemmatization (i.e.,
aggregating close synonyms) by the researchers. Participants were
identified and invited via email by the research team to participate
based on their expertise in pharmacology. Participants consisted of 12
women and nine men from 15 countries across six continents:
Australia, Brazil, Canada, China, Colombia, India, Ireland, Japan,
Lebanon, Malta, Nigeria, Qatar, Sweden, the United States and the
United Kingdom. Ten participants reported a teaching qualification at
Graduate Certificate or higher level with pharmacology teaching
experience ranging from 2 to 41 years (median 15 years).

Participants attended an online session in which they received
information about the study, including a workshop training session
on core concepts, including practice applying the five criteria that
would be used to evaluate them: challenging, complex, enduring,
fundamental, and useful. The participants then worked individually
to rate each concept using the five criteria. Each criterion was
measured on a scale from 1—not at all to 5—extremely. For example,
participants were asked to rate the extent to which the core concept
“drug absorption” was challenging, the extent to which it was complex,
the extent to which it was enduring, and so on. Twenty-one
participants rated the 74 concepts using the five criteria, for a total of
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7,770 possible ratings. Data were collected via submission of
individual files to the research team. Approximately 3% of the ratings
were missing, for a total of 7,558 ratings in the dataset. The research
was conducted under the approved protocol #31379 of the Monash
University Ethics in Human Research Committee.

2.3. Data analysis

Variance in core concept ratings represents the dispersion or
spread of the ratings. Understanding sources of variance in core
concept ratings, such as rater severity and concept difficulty, can
be handled by a number of statistical approaches. Many-Facet Rasch
Measurement (MFRM) models can identify and adjust ratings based
on the influence of various facets, such as rater bias (i.e., rater severity
or leniency). MFRM calculates location estimates that are adjusted for
variations in the location of other facets and provides a “fair average”
score that adjusts for the facets in the model (Linacre, 1989). This
statistical approach can be used to examine the reliability of rated
assessments and quantify the amount of error caused by sources of
variation, such as raters, criteria, and concepts. In health professions
education, for example, researchers have used the MFRM to estimate
rater severity in admissions interviews and standardized assessments
(e.g., Iramaneerat et al., 2008; Roberts et al., 2010; Zeeman et al., 2017;
Malau-Aduli et al., 2019).

In this study, a three-facet MFRM analysis was conducted to
determine rater severity, criterion difficulty, and core concept
suitability. Facets Version 3.71.4 (Beaverton, Oregon) was used to
analyze the three facets simultaneously and independently so that they
could be calibrated onto a single logit scale. MFRM was used to
describe the severity of each rater, difficulty of each criterion, and
suitability of each concept; it also adjusted ratings based on these
facets to provide a more accurate reflection of core concept suitability.

Facets software provides mean-square (MnSq) error statistics to
describe the degree to which each rater, concept, and criterion fit
within the MFRM (i.e., whether the ratings have been confounded by
construct-irrelevant factors; Eckes, 2011). These fit statistics are either
unweighted Outfit MnSq scores (i.e., a measure sensitive to outliers)
or weighted Infit MnSq scores (i.e., less sensitive to outliers). MnSq
values greater than 1 indicate an unexpected level of variability; MnSq
equal to 1 indicates the facet fit exactly as expected in the MFRM;
MnSq less than 1 represents less variability than expected (Linacre,
1995). When MnSq values are greater than 2.0 they can disrupt the
MEFRM, introducing excessive variability, while MnSq values less than
0.5 are often considered to represent too little variability but do not
destabilize the model. MnSq values within 1.7 and 0.5 are considered
acceptable, as recommended by Bond and Fox (2013) for clinical
observation. It may be worth noting that recommendations for critical
MnSq values have been developed and widely adopted from practical
experience by many researchers, and may be limited in their
discussion of the Rasch fit statistics (e.g., Wolfe, 2013; Seol, 2016).

After the initial MFRM model was run, MnSq values were
examined visually by the researcher for each concept. Due to the
potential for values greater than 2.0 to destabilize the model, concepts
with Infit or Outfit MnSq values of this magnitude were explored for
removal from the analysis. In this analysis, the MnSq values fell below
2.0; as such, no ratings were removed, leaving a total of 7,558 data
points in the final analysis. In addition, separation and reliability
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statistics were examined. Low item separation, for example, (<3, item
reliability <0.9) may indicate that the sample is not large enough to
confirm the construct validity of the instrument while low person
separation (<2, person reliability <0.8) may imply that the instrument
was not sensitive enough to distinguish between high and low
performing concepts (Linacre, 2023).

3. Results

In the three-facet MFRM of all 7,558 ratings, the mean and sample
standard deviation of the standardized residuals of all observations
were 0.01 and 1.00, respectively. Table 1 summarizes MFRM statistics
for core concepts, raters, and criteria in terms of mean, standard error,
infit, outfit, chi-square value, and separation statistics. Rasch measures
from the MFRM accounted for 35% of total variance in the core
concept ratings, leaving 65% of variance unaccounted for by
the model.

While rating scales have certain psychometric and practical
advantages, they can also be subject to certain errors (e.g., rater bias,
misuse, and misinterpretation). Several essential guidelines should
be met for a well-functioning rating scale (Linacre, 2003). First, there
should be a minimum of 10 observations for each scale category. In
this study, observations ranged from 387 to 2,346; however it should
be noted that these observations were not distributed regularly across
categories (Table 2). Second, average measures should advance
monotonically with category as average measures that are disordered
or very close together suggest that those points on the rating scale
should be collapsed. In this study, the “average measure” and “Rasch-
Andrich thresholds” (also called step calibrations) increased in
magnitude as the rating scale categories increased (e.g., average
measure —0.25 for 1, to 1.34 for 5), suggesting that core concepts with
higher ratings were in fact meeting the criteria more convincingly
than those with lower ratings. Fourth, the Outfit MnSq statistics
should not exceed 2.0. In this study, the MnSq statistics ranged from
0.9 to 1.2, suggesting that each of the scale categories functioned
as intended.

Criterion difficulty accounted for 15% of the variance. Challenging
and Complex were identified as the most difficult criteria (i.e., the least

TABLE 1 Summary of MFRM statistics.

Statistics Core Raters Criteria
concepts

Mean measure 0.74 0.00 0.00
Mean standard 0.11 0.06 0.03
error
Infit 1.02 1.01 1.05
Outfit 1.00 1.01 1.00
Ia 938.0%* 1352.0% 1774.2%
Degrees of 73 20 4
freedom
Separation ratio 3.43 8.43 20.22
Separation 0.92 0.99 1.00
reliability

#p<0.001.
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TABLE 2 MFRM analysis of criteria rating scale.

Quality control Rasch- Expectation Meas. Most Rasch-
Andrich at probable = Thurstone
thresholds from thresholds
n (%) Ave. Exp. Outfit Measure Category
Meas. @ Meas. MnSq (SE)
1 - Notat all 387 —0.25 —0.35 1.2 None (=2.28) Low Low 100%
(5%)
2 - Not very 732 -0.01 0.02 0.9 —0.81(0.06) -0.97 —1.64 —0.81 -1.29 32%
(10%)
3- 1,693 045 0.44 1.0 —0.61 (0.04) —0.06 —0.49 —0.61 —0.49 36%
Somewhat (22%)
4 - Very 2,400 0.81 0.87 0.9 0.31 (0.03) 0.93 039 031 0.33 40%
(32%)
5-Extremely = 2,346 1.34 1.29 1.0 1.11 (0.03) (2.45) 1.74 111 142 100%
(31%)

Meas., measure; SE, standard error.

TABLE 3 MFRM analysis of core concepts criteria.

Criteria Observed MFRM fair Model Infit MnSq Outfit Est. discrimination
average average measure (SE) MnSq

Fundamental 4.14 422 —0.48 (0.03) 1.19 1.06 1.02

Enduring 4.12 4.19 —0.44 (0.03) 124 1.18 0.82

Useful 4.05 4.12 —0.34 (0.03) 1.00 0.94 111

Complex 332 3.34 0.50 (0.03) 0.97 0.95 0.99
Challenging 3.06 3.05 0.76 (0.03) 0.85 0.86 .10

Mean 3.74 3.78 0.00 (0.03) 1.05 1.00 NA

SD (Population) 0.46 0.49 0.52 (0.00) 0.14 0.11

SD (Sample) 051 0.55 0.58 (0.00) 0.16 0.12

SD, standard deviation; NA, not applicable; and SE, standard error.
Separation =20.22; Reliability = 1.00.

Population standard deviations represent values when treating the sample as the entire population; Sample standard deviations represent values when treating the sample as a sample from the

population.

likely criteria to receive a rating of 5) while Useful, Fundamental, and
Enduring were identified as the least difficult (i.e., the most likely
criteria to receive a rating of 5). None of the five core concept criteria
had Infit or Outfit MnSq values greater than 1.7 or less than 0.5
(Table 3), which suggested that the criteria contained an acceptable
amount of variability. The overall Infit mean for the criteria was 1.05
(range 0.85-1.24) and the overall Outfit mean was 1.00 (range 0.86-
1.18). High separation and a reliability index of approximately 1.00
suggested that the criteria were reliably separated with a high degree
of confidence (p<0.001). In other words, there is a high probability
that criteria estimated with high ratings actually do have higher
ratings than criteria estimated with low ratings.

Concept suitability accounted for 8% of the variance. None of the
74 core concepts had Infit or Outfit MnSq values greater than 1.7 or
less than 0.5, which suggested that the core concepts contained an
acceptable amount of variability. High separation and a reliability
index of 0.92 suggested the concepts were reliably separated with a
high degree of confidence (p <0.001). In other words, there is a high
probability that core concepts estimated with high ratings actually do
rank higher than concepts estimated with low ratings. MFRM fair

Frontiers in Education 04

averages, which are adjusted for the facets entered into the model (e.g.,
rater bias), resulted in reorganization of core concepts rankings
(Table 4). Pharmacodynamics, for example, was the highest rated core
concept by experts and ranked 11th by the MFRM. In most cases, the
expert ratings were adjusted to lower MFRM fair averages.

Rater severity accounted for 13% of the variance in the ratings. Of
the 21 raters, one (5%) had Infit and Outfit MnSqs greater than 1.7,
meaning that the rater displayed a significantly unexpected degree of
variability in their ratings of the core concepts. None of raters (0%)
had an Infit MnSq and Outfit MnSq of less than 0.5, suggesting that
their ratings discriminated between concepts to the expected degree.
High separation and a reliability index of approximately 1.00 suggested
that the criteria were reliably separated with a high degree of
confidence (p<0.001).

The Wright Map, illustrating the MFRM results on a common
equal-interval logit scale, is shown in Figure 1. All data points are
plotted on a common equal-interval logit scale from —1 to 2. The
second column positions concepts according to their suitability, with
the less suitable concepts on top. The third column positions raters
according to their severity, starting from the most sever rater on top
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TABLE 4 Comparison of core concepts rankings from delphi expert ratings and MFRM with rater adjustments.

Core concept

ER overall average*

MFRM fair average (Rank)**

Top 5

1. Pharmacodynamics 4.47 4.19 (#11)
2. Drug distribution 4.43 4.23 (#5)
3. Drug efficacy 4.42 4.22 (#7)
4. Drug clearance 4.39 4.38 (#4)
5. Concentration-response relationship 4.39 4.27 (#2)
Middle 5

35, ED50 4.17 3.85 (#39)
36. Agonists/Antagonists 4.15 4.09 (#20)
37. Competitive/non-competitive inhibition 4.14 3.98 (#28)
38. Drug excretion 4.14 4.02 (#25)
39. Volume of distribution 413 4.13 (#15)
Bottom 5

70. Integrative pharmacology 3.70 3.56 (#58)
71. Drug compartment 3.69 3.64 (#54)
72. Drug administration 3.69 3.34 (#66)
73. Molecular pharmacology 3.68 3.53 (#58)
74. Amount of drug 3.50 2.52 (#74)

*ER overall average represents the average of expert ratings across all five criteria.

#*MFRM-adjusted average standardized using model facets (e.g., raters); standard error for all MFRM ratings ranged from 0.10 to 0.13.

MFRM, many-facet rasch measurement; ER, expert rating; ED50, effective dose in 50% of animals or participants.

to the most lenient at the bottom. The fourth column illustrates the
difficulty of the criteria, with the most difficult criteria at the top. The
horizontal dotted lines in the last column—“Scale’—indicate the
rating scale category thresholds, which illustrate the point at which the
likelihood of receiving the next higher rating is equivalent to the
likelihood of receiving the next lower rating. At a glance, it appears
that the raters and criteria tend to group toward the bottom of the
scale while concepts tend to group toward the top (i.e., raters/criteria
and concepts are skewed in opposite directions), suggesting that more
research may be needed to explore how well raters and criteria are
targeted to the concepts.

4. Discussion

Core concepts offer a promising approach to education, with
additional
identification of core concepts for their training programs (e.g.,
Angelo et al, 2022). Identifying and refining the criteria that
characterize core concepts is critical for advancing core concepts

disciplines beginning—and advocating for—the

research. Ultimately, the aim is to ensure that the core concepts being
taught and assessed are the most critical for student learning and
success in a given discipline. This study has used rigorous
measurement to better elucidate core concepts research, providing
evidence regarding the use of specific criteria and rating scales for
expert evaluation of concept suitability. Using a three-facet MFRM,
we have provided support for specific core concepts criteria (i.e.,
challenging, complex, enduring, fundamental, and useful), a rating
scale (i.e., 1—not at all to 5—extremely), and the core concepts
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themselves. High separation and reliabilities indicated a sufficient
sample and low measurement error, and suggested that the criteria
and rating scale were sensitive enough to distinguish between suitable
and (potentially) unsuitable core concepts (Linacre, 2023).

As they relate specifically to the criteria used to evaluate core
concept suitability, a number of findings are worth noting. First, our
analysis indicated that the five criteria were in fact measuring five
distinct aspects of core concepts, supporting the use of each criterion.
However, there also appears to be a pattern of grouping in the criteria,
with challenging and complex relatively similar to one another and
fundamental, useful, and enduring relatively similar to one another.
This suggests that the five criteria could be collapsed into no fewer
than two criteria, which may help reduce the amount of time needed
to identify core concepts. The Rasch-Andrich Thresholds in Table 2
also suggest that the rating scale may also be collapsible into fewer
categories, which could further improve efficiency in the rating
process. Second, the criteria varied in terms of their difficulty—for
example, concepts were less likely to get a high rating for challenging
than for fundamental. As such, researchers should give some thought
to what this type of variation means for core concepts research (e.g.,
Should certain criteria be weighted more or less in the core concept
identification process?).

The proportion of variance reflecting rater severity aligned with
other MFRM studies in biomedical sciences. For example, McLaughlin
et al. (2017) identified 16% rater severity and Singer et al. (2016)
identified 9% rater severity in MFRM models of admissions interview
ratings. Similarly, research on standardized assessments in medical
education indicated that raters accounted for approximately 15-17%
of score variance (Floreck and De Champlain, 2001; Sebok et al.,
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FIGURE 1

Variable map (also known as a Wright Map) showing ratings for the

74 core concepts estimated by the MFRM using core concept

suitability, rater severity, and criterion difficulty. Criterion 1=Complex;

Criterion 2=Challenging; Criterion 3=Enduring; Criterion

4=Fundamental; and Criterion 5=Useful.

2015). A benefit of MFRM is the ability to adjust estimates of core
concept suitability for differences in rater severity even when it is not
possible for all raters to rate all concepts. In theory, this adjustment
should provide more accurate ratings for core concepts and improve
comparability of concepts. However, conscious tendencies to be severe
or lenient in the rating process can also be accurate, complicating the
need for adjustment. In addition, MFRM assumes that rater severity
does not change during the rating process and therefore does not
account for rater severity drift. As such, consideration should be given
to strategies for identifying sources of rater severity and reducing the
influence of rater bias in core concept identification, such as additional
rater training, more stringent expert selection criteria, or adjusting for
potentially confounding rater characteristics in the MFRM. For
example, raters in this study were not trained to meet a certain
criterion (e.g., interrater agreement) which could be an opportunity
for improvement.

The core concepts used in this study were sourced from data
mining textbooks and surveying experts (White et al., 2022). Nine of
the top 10 concepts from the MFRM analysis were also identified as
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core concepts by experts in the three-round Delphi study by White
et al. (2022): drug clearance, drug mechanism of action,
concentration-response relationship, drug distribution, drug half-life,
drug efficacy, dose-response curve, mechanism of drug action, and
drug metabolism (White et al., 2022); during the Delphi process,
experts reframed pharmacokinetics as a category of core concepts
instead of its own concept and combined several concepts, such as
concentration-response relationship and dose-response curve. None
of the bottom five concepts from the MFRM analysis were identified
as core concepts in the Delphi process. The MFRM provided adjusted
ratings that may further indicate the extent to which each concept
was “core” Although the fair averages shifted the rankings of the
concepts, the MFRM generally confirmed the expert opinions in the
Delphi study. Drug administration, for example, was ranked #72 by
the Delphi participants and #66 by the MFRM. However, in a few
cases, the rankings were more disparate—for example, Volume of
Distribution was ranked #39 by Delphi participants and #15 by the
MFRM. Researchers should consider the implications of these types
of adjustments for core concept research and the potential use of
thresholds or cut scores that separate concepts that are core from
those that are not.

An added benefit of this research is access to the Delphi results of
White et al. (2022), which represent a negotiated list of the same
pharmacology core concepts based on iterative expert input.
Researchers should consider whether MFRM could be used in
conjunction with, or even instead of Delphi, to identify core concepts.
Delphi exercises require significant time and resources (Olsen et al.,
2021), and the majority of core concepts that reached the threshold of
the Delphi in this case were highly ranked in the MFRM. Therefore,
MFRM could potentially replace one or more rounds of the Delphi
exercise or could be used to create cut scores. Alternatively, the MFRM
data could be used to distinguish between basic concepts, which might
be predicted to be rated as fundamental, useful and enduring, but not
challenging or complex, and more advanced concepts, which might
be predicted to be rated highly on all criteria.

Opverall, the model reported in this paper accounts for a suitable
proportion of variance compared to other published MFRM models
(e.g., Roberts et al., 2010). However, the model does leave just over
60% of ratings variability unaccounted for, suggesting that there is
room for improvement. Further core concepts research and techniques
for decreasing variability in ratings may prove useful for improving
identification process. Refining the criteria to better target the
intended constructs, employing additional rater training, rethinking
the qualifications for experts, and including additional facets in the
MFRM may account for additional variability.

This study is the first of its kind in core concepts research and, as
such, has several limitations. First, the data were generated from a
relatively small sample. Second, the model was limited to three facets,
leaving some question as to how other, unavailable facets might have
influenced the results (e.g., educational background). Third, this study
focused on MFRM, leaving some question as to how this methodology
might be integrated with other commonly used methods for core
concept identification. For example, the criteria used in this study
could be further refined by extrapolation from concept inventory data,
in that the ratings on the five criteria could be compared to the success
of students on items that test attainment of those particular concepts.
Future research should focus on improving the facets described in this
model, identifying additional facets that might influence core concept
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ratings, and exploring the integration of MFRM into the core concept
identification process.

5. Conclusion

This study demonstrates the feasibility of using MFRM for
evaluating and validating data generated for the purpose of identifying
core concepts in STEM disciplines similar to Pharmacology. The data
generated in this study support the use of five different criteria for
identifying core concepts. This study raises several interesting
questions and opportunities related to how the MFRM might be used
within core concept research.
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