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ARTICLE INFO ABSTRACT

Received: 23 Jun 2022 A questionnaire was recently developed for the use with the Spanish-speaking, and evidence

Accepted: 13 Nov 2022 have been provided about the construct internal validity by means of structural equation
modelling. In this paper, two research questions were considered: (i) What new evidence does
application of the Rasch model provide regarding the validity of this construct? (ii) What cutoffs
should be applied to the constructed scales in order to differentiate between acceptable and
insufficient levels of the construct being measured? Participants were 1,272 Spanish at both
high-school and college level. The instrument is a pencil and paper questionnaire written in
Spanish, comprising 20 items (5-point Likert-type scale) distributed evenly across four scales:
beyond exact replicas, purpose of models, multiple models, and changing models. Students’
responses were coded on an ordinal scale from zero to four. We then conducted a Rasch analysis
using both a multidimensional approach and a consecutive unidimensional approach for each
dimension. Data provided new evidence regarding the internal validity of the four scales of the
questionnaire. The Rasch analysis also allowed us to establish cutoffs for the constructed scales.
The evidence provided by this, and the previous study suggest that the questionnaire may be
useful as a diagnostic tool when applied to groups or populations of students. In addition, the
identified cutoffs could, hypothetically, serve to differentiate between students with an adequate
versus an insufficient understanding of the nature of models.

Keywords: cutoff point, nature of models, construct validity, Rasch model

INTRODUCTION

Models are central to both the practice and learning of science (Figueiredo & Perticarrari, 2022; Gilbert et
al, 2000; Halloun, 1996; Justi, 2006; Karampelas, 2021; Martinand, 1986); hence, it is important that students
learn about and are able to apply them. In order to do so, they must have an adequate understanding of the
nature of models in science. This type of understanding has been referred to as epistemic knowledge,
metamodeling knowledge, or metarepresentational competence, among other terms (Nicolaou &
Constantinou, 2014; Schwarz, 2002), and its importance for science education is supported at both the
theoretical and empirical level (Gobert et al., 2011; Schwarz, 1998, 2002; Schwarz & White, 2005; Sins et al.,
2009). It is essential, therefore, to have suitable tools for assessing this construct.

Numerous authors have sought to characterize this kind of epistemic knowledge and to propose
instruments for assessing it (Krell & Kriger, 2015; Krell et al., 2015; Treagust et al., 2002). One of the most
widely known tools is the students’ understanding of models in science (SUMS) (Treagust et al., 2002), which
has been used in various studies (Cheng & Lin, 2015; Everett et al., 2009; Park et al., 2017; Treagust et al.,
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2002). It should be noted, however, that the results of a recent study suggest that the SUMS may not be
adequate for assessing undergraduate science students’ understanding of models and modeling (Lazenby &
Becker, 2021).

With regard to instruments in Spanish, some authors have used closed questionnaires to assess students’
understanding of the nature of models as part of a broader evaluation of their ideas about the nature of
science and scientific knowledge in general (Pardo et al., 2018; Raviolo et al., 2010; Vasques Brandao et al.,
2015), while others have used a qualitative approach to examine prospective teachers’ understanding of
models in science (Bravo & Mateo, 2017). More recently, a Spanish adaptation of the SUMS was tested and
validated in a sample of Chilean students in grades 7 to 10 (Villablanca et al., 2020). Importantly, however,
research conducted with Spanish-speaking students has also brought to light a number of difficulties with the
translation and adaptation of many SUMS items (Oliva & Blanco-L6pez, 2021). Thus, tests and questionnaires
are particularly sensitive to cultural and linguistic aspects, and consequently their use in a context other than
the one in which they were developed implies a complex process of adaptation. Although every language is
translatable (Hunt & Agnoli, 1991), this often requires substantial changes since a natural expression in one
language may by unacceptable in another. Therefore, each language has its own culturally-based rhetorical
styles that imply different ways of organizing ideas (Connor, 1996). For example, the expression of ideas in
English is normally much more direct and concise than it is in Romance languages such as Spanish (Kaplan &
Grabe, 1991), and these stylistic aspects must also be adequately addressed when translating and adapting a
measurement instrument.

With the aim of overcoming these limitations, Oliva & Blanco-L6pez (2021) recently developed a new tool,
the CoNaMo (based on its name in Spanish: Comprensién de la naturaleza de los modelos; in English:
Understanding of the nature of models), which is inspired by the SUMS and designed to measure the same
construct. The advantage of the CoNaMo is that it was developed directly for Spanish-speaking students, and
its authors provide evidence supporting its application to students across a wide range of ages and levels of
education (Oliva & Blanco-Lépez, 2021). However, they also highlight the need for additional kinds of validity
evidence, including a more in-depth examination of the response processes students follow when answering
its items. One way of addressing this would be through the use of procedures based on item response theory
(IRT) (Mudiiz, 2010).

Our aim here, therefore, is to conduct a Rasch analysis (Rasch, 1960) of results obtained with the CoNaMo
in order to provide further support for the construct it purports to measure, Understanding of the nature of
models, thus complementing a previous study that analyzed its content validity based on expert opinion and
the internal validity of scale scores by means of factor analysis. We consider that this new study could also
provide additional information regarding the CoNaMo scales, such as possible cutoffs that could be used to
discriminate between different levels of understanding of the nature of models.

THEORETICAL FRAMEWORK

Limitations of Classical Validation Methods

Classical test theory (CTT), which is undoubtedly the predominant framework for test development and
analysis, assumes that an individual's level on a given construct, as measured by an assessment scale, can be
determined through the linear combination of the partial results derived from the items used to evaluate this
construct (Mufiiz, 2010). However, the literature has shown that despite the utility of CTT, the procedures
derived from it, such as factor analysis, have several limitations. First, although factor analysis is a powerful
technique for investigating multidimensionality in observational data, it cannot construct interval measures
from ordinal data, such as those obtained through Likert-type scales (Boone & Scantlebury, 2011; Neumann
et al., 2011). Second, test results depend on the sample characteristics and the difficulty of the items chosen,
and hence the instrument needs to be re-validated each time the participants change, and the results from
different instruments are not comparable (Bond & Fox, 2007). Third, these procedures tell us little about the
metrics used in the item response scales, in this case based on Likert-type scales. For example, how
appropriate is it to evaluate a given construct with a five-category Likert-type scale?
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These limitations can be overcome by other types of analysis such as those based on IRT, which are able
to analyze aspects such as the appropriate number of response categories or the discriminatory power of a
measurement scale. IRT-based methods, and in particular the Rasch model (Rasch, 1960), may be considered
as complementary to traditional factor analytic methods, and in fact the two have been used in conjunction
to analyze the psychometric properties of the scales that comprise the SUMS (Wei et al., 2014) and to compare
students’ understanding of models and modeling in relation to different scientific disciplines (Krell et al., 2015).

A further issue to consider concerns the identification of performance thresholds on a measurement scale
that are able to differentiate between levels of the construct being measured, such that the results may be
treated as qualitative categories. This is not a straightforward decision, although it is not advisable to choose
as the reference threshold the central value of a Likert-type item response scale because scores on these
scales are prone to inflation. In fact, some authors have criticized the fact that the vast majority of research
on epistemic beliefs has used self-report surveys (Lindfors et al., 2020). It is argued that this type of
instrument, particularly when consisting of closed items, may allow students to give “high-level” answers
based on hearsay only (Sins et al., 2009), whereas qualitative studies suggest that students in fact have a naive
and unsophisticated epistemological understanding of models (Lazenby et al., 2019). However, although it is
true that Likert-type questionnaires, may produce an inflated view of students’ epistemic knowledge, it is also
possible that a student does have adequate knowledge in this respect but is unable to demonstrate it when
answering an open written question (Lazenby et al., 2019). This means that the data obtained with Likert-type
self-report surveys should only be interpreted in relative terms, comparing results rather than treating them
in absolute terms, or alternatively establishing thresholds or cutoffs that allow evaluators or teachers to
differentiate between performance levels.

Various psychometric studies have described procedures for establishing cutoffs (Goodwin, 1996), many
of which involve the use of an expert panel to determine the difficulty of each test question; having thus
determined the minimum ability a candidate requires to get each question right, these expert ratings can then
be compared with respondents’ actual performance on the test (Angoff, 1971). In some cases, this comparison
is supported by a logistic regression model, such as the Rasch model (Baghaei, 2007), and this further justifies
the use of this type of analysis for providing new validity evidence about the construct measured by the
CoNaMo.

Rasch Model

Rasch analysis (Rasch, 1960) is one of a group of mathematical models for test validation that are based
on IRT, and which provide an alternative to the classical approach. It is a method for determining the
psychometric properties of a set of items or questions, and it allows decisions to be made about the
composition and structure of a questionnaire; it can also be used to create interval measures for latent scales
(Liu & Boone, 2006). In contrast to classical statistical analyses, in which what is analyzed are the observed
data, the mathematical model underlying Rasch analysis is derived from a logistic function in which the
probability (Pni) of a given response by individual n to item i is calculated based on the difference between the
individual's ability level (6n) and the difficulty of the item (6)).

Py = e(9n—5i)/(1 + e(Gn—5i))_

One advantage of the Rasch model is that it is applicable to ordinal data, and hence it is highly suited to
the analysis of instruments based on Likert-type scales (Boone et al., 2010; Neumann et al., 2011). A further
advantage is that it allows the performance of a group of students to be evaluated, irrespective of the difficulty
of the items used or the ability level of respondents (Rasch, 1977). Finally, the Rasch model locates the
person’s performance and the item difficulty on the same latent variable, thus enabling direct comparison of
these two parameters (Andrich & Marais, 2019). The values of latent variables may vary between minus infinity
and plus infinity, and they are expressed in logits.

The key assumption of the Rasch model is that there is a functional relationship between the measure
corresponding to a given item response category and the probability that a student chooses that response
category. This function is known as the item characteristic curve. In polytomous scales, each item has several
curves, one for each of its response categories, which are expected to follow a logical order in terms of their
difficulty level (Masters, 1982). Any variation in this order, or the observation that one of the curves is
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subsumed by another, is indicative of problems in the metrics used, which can be resolved by reformulating
one or more of the initial categories.

In order to analyze items, the Rasch model first transforms ordinal data into interval scales by applying a
logistic function. It can then be used to evaluate different aspects such as the uni-dimensionality of measures,
the degree to which the data fit the model, item difficulty, or person and item reliabilities and the
corresponding separation indices (Boone et al., 2010; Liu & Boone, 2006). In the case of polytomous items, it
is necessary to check whether the difficulty levels of item response categories are monotonically ordered. The
aim here is to verify the quality of measures, that is to say, whether the data meet the specifications of a Rasch
model.

Previous Validity Evidence for the CoNaMo

The CoNaMo (Oliva & Blanco-Lépez, 2021) is one of a number of instruments that, like the SUMS, aims to
assess students’ understanding of the nature of models and their uses in science, in general rather than linked
to specific contexts. Thus, in the tradition of many studies on the nature of science, the underlying premise
here is that it is possible to establish certain characteristics that are common to models across different
scientific disciplines (Van Der Valk et al., 2007). It is these common characteristics of models in science that
are the focus of the CoNaMo. Of course, this does not mean there is no need to develop questionnaires aimed
at evaluating students’ understanding of models and modeling in specific contexts, as some authors have
done (Gogolin & Kruger, 2018; Krell et al., 2014; Lee et al., 2015; Treagust et al., 2004). In our view, both
perspectives (the general and the specific) are necessary as they complement one another.

Based on a theoretical study (Crawford & Cullin, 2005; Grosslight et al., 1991; Schwarz & White, 2005; Sins
et al., 2009; Treagust et al., 2002) and on the results of previous studies that piloted Spanish versions of the
SUMS (Jiménez-Tenorio et al., 2016; Mufioz-Campos et al., 2016), we developed a set of 50 items, ten for each
of the five dimensions: kinds of models, beyond exact replicas, purpose of models, multiple models, and changing
models. In order to assess the content validity of this first version of the instrument we asked a panel of 20
experts to rate the adequacy y clarity of each item. Based on the experts’ feedback, we eliminated seven items,
and we reformulated a further seven items whose wording was considered to be confusing by three or more
experts. As a result of this process, we then created a closed questionnaire in which the 43 items were
grouped according to their corresponding dimension, although within each they were randomly distributed.
The response format for each item was a five-point Likert scale: strongly agree, agree, neither agree nor
disagree, disagree, and strongly disagree.

Subsequently, we examined the internal structure of the resulting instrument by administering it to a wide
sample of students aged between 14 and 55 years. Questionnaire responses were coded on an ordinal five
level scale. Next we calculated descriptive statistics, item by item, in order to analyze item homogeneity. This
enabled us to select those items that appeared to be most consistent with their corresponding dimension.
After purifying the instrument based on the results of these analyses we obtained a final version of the
questionnaire comprising 20 items distributed equally across four scales: beyond exact replicas, purpose of
models, multiple models, and changing models (Table 1), (see Appendix A). The fifth dimension-kinds of models-
was eliminated from the questionnaire, as it does not show adequate construct validity, and thus it is not
possible to define a specific subscale for it.

We then performed a principal components analysis in order to study the dimensionality of the
questionnaire, thus enabling us to group the 20 items by factors. Model fit was assessed by means of
confirmatory factor analysis (CFA) and through structural equation modeling (SEM) (Oliva & Blanco-Lopez,
2021). Moreover, he fact that the four scales were found to be inter-related suggests there is a second order
latent factor that explains an important part of the variance in the four latent variables that were considered
separately (Oliva & Blanco-Lépez, 2021; Treagust et al., 2002). This construct, which we referred to as meta-
modeling knowledge, may be regarded as testing a general factor reflecting students’ overall understanding
of the nature of models in science.

In light of the above and having provided evidence about the factorial validity of the construct measured
by the CoNaMo (Oliva & Blanco-Lopez, 2021), we consider it important to add further validity evidence based
on the Rasch model. It would also be useful to analyze the metric of the five-level Likert scales used and to
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Table 1. Dimensions of the concept of models and their uses in science, as distinguished in the CoNaMo

Dimension Description Authors

Beyond exact replicas Models are a simplified or idealized representation of the real Jansen et al. (2019)
world, rather than an exact replica of it. Their focus is on Krell et al. (2015)
aspects of the represented object, and other aspects will be Treagust et al. (2002)

ignored or considered as being of secondary importance,
including interpretive components.

Purpose of models A model explains and predicts natural phenomena as well as to Justi and Gilbert (2003)
communicate scientific ideas and to test the theories related to  Krell and Kriger (2015, 2017)
it, insofar as models allow theories to be linked to the real Oh and Oh (2011)
world. Treagust et al. (2002)
Multiple models There are often multiple models of the same phenomenon Crawford and Cullin (2004, 2005)
because a variety of ideas can emerge about it, and because Jansen et al. (2019)
there may be different ways of representing it. Oh and Oh (2011)
Treagust et al. (2002)
Changing models All models are open to revision and may, over time, change or  Crawford and Cullin (2004, 2005)
ultimately be replaced with another. Jansen et al. (2019)

Krell et al. (2015)
Treagust et al. (2002)

determine possible cutoffs that could be used to discriminate between different levels of performance, thus
converting the scales into qualitative variables. Indeed, this is a prerequisite to employing the CoNaMo scales
for diagnostic or decision-making purposes, whether applied to individuals or groups of students. In this
respect, it should be noted that Rasch analysis is increasingly being used in research examining students’
difficulties and learning progressions in science (Neumann et al., 2011; Osborne et al., 2016; Rodriguez-Mora
et al., 2022; Romine et al., 2020; Testa et al., 2019).

Research Questions

The purpose of the present study is therefore to address the following two questions:

1. What new evidence does application of the Rasch model provide regarding the validity of the construct
Understanding of the nature of models and their uses in science, as measured by the CoNaMo?

2. What cutoffs should be applied to the scales that comprise the CoNaMo in order to differentiate
between acceptable and insufficient levels of the construct being measured?

METHOD

Participants

For this study we used a sample comprising 1,272 Andalusian students (South of Spain). 580 were women
(54.4%) and 692 were men (45.6% male), aged between 14 and 55 years (M=19.2; SD=5.3). One group of
participants were students currently enrolled at one of five schools (three publics and two privates) in either
compulsory secondary education (grades 10 and 11; 31.5%) or baccalaureate studies (grades 12 and 13;
18.2%). The remaining participants were adults from two public universities studying for a bachelor's or
master's degree in either a science subject (chemistry, chemical engineering, biochemistry enology, and
biotechnology; 22.2%) or teacher training (28.1%). The choice of participants in the sample was for
convenience. However, since the number of subjects participating in the study was quite large, and the chosen
schools and universities were diverse and representative of most Spanish educational institutions, it can be
considered that the sample used was adequate for the purposes of the study.

The data collection process was carried out in accordance with current Spanish legislation regarding the
protection of students’ data and all participating students gave informed consent to participate in the study.

Instrument

The CoNaMo is a pencil-and-paper questionnaire comprising 20 items distributed evenly across four
scales: beyond exact replicas (items 1 to 5), purpose of models (items 6 to 10), multiple models (items 11 to
15), and changing models (items 16 al 20). Half of the items are positively worded with respect to an
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epistemologically adequate view, while the remainder are reversed; each scale contains at least two positive
and two reverse worded items. Respondents rate each item on a 5-point Likert-type scale, with the following
options: strongly agree, agree, neither agree nor disagree, disagree, strongly disagree (see Appendix A).

The previous validation study of the CoNaMo showed that the questionnaire was applicable to a wide
range of ages and levels of education, from 14-year-old students through to science undergraduates and
prospective elementary and secondary science teachers (Oliva & Blanco-Lépez, 2021). No time limit was set
for completing the questionnaire. Instructions for instrument administrators are included in Appendix B.

Procedure and Data Analysis

Students’ responses to the CoNaMo were coded on an ordinal scale from zero (corresponding to strongly
disagree) to four (strongly agree). Scores on reverse worded items were then recoded, inverting the values.
Higher scores therefore indicated a more advanced understanding of the nature of models. In order to reduce
the amount of information, we summed the item scores for each dimension of the CoNaMo, thus obtaining
a scale ranging from 0 to 20, or from 0 to 1 if the values are normalized to 1. We will refer these scores as raw
scores. More details for questionnaire rating are included in Appendix C.

We then conducted a Rasch analysis using the partial credit model, which is the most suitable for Likert-
type scales (Masters, 1982). Drawing on Briggs and Wilson’s (2003) discussion of different ways of dealing with
multiple dimensions, we opted to use a multidimensional approach, which is the most appropriate in the case
of a questionnaire, such as the CoNaMo, that has four distinct dimensions grouped under a second-order
factor. The software used for this analysis was Constructmap 4.6 (Kennedy et al., 2010), which allowed us to
obtain latent scales of scores, which we will call measures, one for each dimension, and which always fell within
the range -3 to +3. In parallel, however, we also analyzed the data using a consecutive unidimensional
approach, in which each dimension is considered separately and modeled independently as a unidimensional
construct. For this analysis we used Winsteps 4.4.7 (Linacre, 2020). Although the consecutive approach is less
suited to the study of multidimensional scales, it is more parsimonious (Briggs & Wilson, 2003) and provides
a more complete analysis of indicators for each of the separate scales.

Regarding the identification of cutoffs for the CoNaMo scales, the usual procedure with Rasch analysis is,
as noted earlier, to establish thresholds based on the ratings of experts and then to calibrate these with
respect to students’ actual performance, before locating them on the latent scales (Baghaei, 2007). For the
present study, however, we will use a different approach that we have not found described in the literature,
and which may therefore be considered novel. Specifically, we will analyze directly the measures obtained
with the latent scales constructed through the Rasch analysis, the aim being to identify inductively possible
discontinuities between item response categories. These discontinuities could suggest meaningful cutoff
points along the latent scales (measures), indicating a qualitative leap or advance that should be considered.
To this end we compute Rasch-Thurstone thresholds, as recommended when the aim is to dichotomize a
sample (Linacre, 2009). It should be noted that whereas the measures are expressed as linear or interval
values, the raw scores are ordinal and hence cannot be used as the basis for identifying discontinuities or
qualitative leaps directly.

RESULTS

We will begin by describing the results obtained regarding uni-dimensionality and the fit and reliability of
the scales constructed through the Rasch analysis, as well as the item category probability curves and Wright
maps resulting from the analyses conducted. These results will provide evidence for the internal validity of
the measured construct (research question 1). The Wright maps will also be used with the aim of identifying
possible discontinuities in the constructed scales (research question 2).

Uni-Dimensionality of Measures

For the Rasch model to yield precise estimates the constructed scales must be unidimensional. In the case
of the CoNaMo, the four scales were shown to fulfill this condition in the previous study that used SEM (Oliva
& Blanco-Lépez, 2021). Our aim here was to corroborate this by applying principal components analysis of
standardized residuals to each dimension. This analysis indicated an explained variance of 50%, 43%, 40%,
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Table 2. Fit indicators for the 20 items of the CoNaMo

Di ) | Multidimensional Rasch Consecutive unidimensional Rasch
imension tem Measure (logit)  Infit MNSQ Outfit MNSQ  Measure (logit)  Infit MNSQ Outfit MNSQ
Beyond exact 1 .09 1.1 1.14 .10 1.18 1.16
replicas 2 .03 .97 .99 .08 .84 .79
3 .26 .98 .99 47 .81 .78
4 -17 .90 .93 -.30 .96 .95
5 -.20 1.01 .99 -.35 1.17 1.16
Purpose of 6 A7 .90 .90 .25 1.07 1.12
models 7 -4 .94 .94 -.48 1.00 1.10
8 .25 .87 .87 .25 1.01 1.03
€ -.02 .76 .76 -.08 .88 .82
10 .01 1.15 1.15 .05 .95 .96
Multiple 11 .10 .78 77 .05 1.06 1.05
models 12 -.28 .79 .81 -44 .89 .88
13 .04 .75 74 .02 1.01 1.01
14 14 1.00 .99 .35 1.18 1.25
15 .00 1.20 1.21 .02 .84 .83
Changing 16 .08 .82 .90 .05 1.27 1.29
models 17 -.01 .84 91 .19 .95 .99
18 -.08 .61 .67 .00 .78 .80
19 A2 .66 .75 .09 .97 .96
20 -1 1.36 1.25 -.34 1.08 .97

Table 3. Separation and reliability indices for the four dimensions of the CoNaMo

Dimension Separation Reliability

Persons (students) Items Persons (students) Items
Beyond exact replicas 1.65 7.13 .73 .98
Purpose of models 1.41 6.59 .67 .98
Multiple models 1.36 6.08 .65 .97
Changing models 1.48 3.86 .68 .98

and 43%, respectively. The corresponding values for the percentage of unexplained variance in the first
contrast were 1.55, 1.52, 1.44, and 1.46 (i.e., less than 2 in all cases). These data suggest sufficient uni-
dimensionality for the subscales considered.

Fit Indicators

Table 2 shows the item measures (in logits) obtained in both the multidimensional analysis and the
consecutive unidimensional analysis. Here, each item is located along a difficulty continuum constructed for
each dimension, such that higher and lower values indicate more complex and simpler items, respectively.

Also displayed in Table 2 are the infit and outfit mean square errors (MNSQ) for items in both analyses.
Values close to one are desirable here, whereas very small values imply local dependence of items and high
values indicate randomness in the data. The results in this case indicated good fit of the data to both the
multidimensional and the consecutive Rasch model. Specifically, infit values in the multidimensional model
ranged from .61 to 1.36, while outfit values were between .67 and 1.25. For the consecutive unidimensional
model, infit ranged from .78 to 1.27, while outfit values were between .78 and 1.29. All these values fall within
the recommended range of 0.60-1.40 (Wright & Linacre, 1994). Note also that the results obtained are similar
for the two approaches.

Reliability and Separation Indices

With the consecutive unidimensional approach, Winsteps computes reliability and separation indices for
the constructed scales. Specifically, for both reliability and separation it yields two distinct indicators, one for
persons (in this study, students) and one for items. These indicators are measures of scale quality, insofar as
they reflect the ability of model estimates to discriminate between different levels of the measures.

Table 3 shows the separation and reliability indices for each scale of the CoNaMo. Values of both indices
were very high for items, while for persons they were lower but sufficient. In fact, the mean value of the person
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Figure 1. Probability curves for items of the different dimensions (difficulty increases from left to right on the
logit scale) (Source: Authors)

separation index was close to 1.5 (equivalent to a reliability of .7), which is the reference value regarded as
acceptable (Fisher, 1992).

Probability Curves
Winsteps can also be used to plot item category probability curves for each dimension of a measurement

instrument. This is a useful way of testing:
(1) if all the categories of the Likert-type scale used are relevant or whether one or more of them is
subsumed by another, in which case they would need to be reformulated, and
(2) if the logit measures of the item categories are ordered as expected.
Figure 1 shows the probability curves for the four scales of the CoNaMo.

It can be seen that for each scale the curves for the different categories follow the expected order in terms
of difficulty: level 4 is more difficult than level 3, which in turn is more difficult than level 2, and so forth to
level 0. In addition, none of the categories is completely subsumed by another, even though the curves for
levels 1 and 2, and especially the latter, show considerable overlap with those of the adjacent categories.

European Journal of Science and Mathematics Education, 11(2), 344-359 351



Oliva & Blanco

Vright Nap (EAP) Variable: ¥l
IRT Categories

Bap of perazon estimates and response nodel parameter estimates

----------------------------------------------------------------------------

students Thurstonian Thresholds (Recoded)
5 Beyond exact replicas Purpose of models Multiple models Changing models
| | J |
| | ' |
4 1 | | |
| [ ' |
| [ ! |
1 | | |
2 X13.4 4.4 X X114.4 |
X12.4 X1 X111.4 15.4 '
11.4 5.4 | 0112.4 13.4 %
X1 (16,4 7.4 8.4 9.4 X1 X117.4 18.4
: X1 0000110.4 2001 000116, 4 19.4
X1 300081 000K 0000030000001
Y0001 000000K| 30000006X) 0000800
200000000 | 0000000000000 000000000000 ¢120.4
XO0000000C00000000K | X0000000000000000000 1 14. 3 300X

000000000000000X113. 3
X00000000KX111.3 15.3

0 20000 000000K116.3 19,3
0001112 12,3 13.2 14.2 Y0000000C118. 3 20,3
HO00000X13. 2 9.2 10.2 s,z 0OX116.2 19.2
0000X1L.2 2.2 X 3X120.2
-1 0OX14.2 XI Xuz.z X117.2 18.2
0X18.2 X17.2 8.1 X X120.1
ed] X1 111.1 12.1 132 X116.1 19,1
X1 16.1 9.1 10,1 1s.1 117.1 18.1
2 X11.1 17.1 114.1 )
Xi12.1 5.1 | '
13.1 4.1

|

| |
[ ' |

| | . '
] |

Figure 2. Wright map showing the spread of students’ performance (person estimates) and the Thurstonian
thresholds for items (Source: Authors)

Wright Maps

The Wright map is one of the most useful outputs of the Rasch model, insofar as it shows the person and
item estimates located on the same latent scale. Figure 2 displays the Wright maps for the four scales of the
CoNaMo, in this case corresponding to the multidimensional Rasch model.

The letters “x” on the left side of each axis correspond to person estimates on the latent scale. Those
whose parameter estimates are toward the upper part of the scale are more competent on the corresponding
dimension, while those towards the bottom are less so. On the right side of each axis, the map shows the
Thurstonian thresholds for the response categories of the different items. For example, the logit threshold
value of one for item 3 (shown on the map as 3.1) expresses the value of the latent variable Beyond exact
replicas, for which the probability that students choose level 1 or higher on the Likert-type scale is greater
than the probability of their choosing level 0. These thresholds therefore represent measures of the
transitions between categories. The response categories corresponding to Thurstonian thresholds toward the
upper part of the scale are more demanding (difficult), whereas those towards the bottom are easier.

Maps of this kind allow us to visualize whether or not the different categories or levels of item measures
cover the range of the distribution of person (student) measures, something which is always desirable in a
questionnaire. It can be seen that for the sample analyzed here there is high variability in measures on the
four scales, both for persons and item categories. Ideally, one would observe maximum possible overlap
between the two parameters, as this would indicate that the scales used are highly suitable for measuring
students’ performance. This is indeed the case here (Figure 2) since the item category and person parameters
show targeting.

However, there are also gaps in the spread of categories across the four scales. Whereas the Thurstonian
thresholds for response categories 1, 2, and 3 on the four scales are close to and show continuity with each
other, there is an important gap between these three categories and level 4, especially on the scales beyond
exact replicas, purpose of models, and multiple models. The gap is also observable for the other scale,
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changing models, although in this case, category 4 of item 20 is located here. These gaps, which on the latent
scales appear around a value of 1.0 logits, reveal qualitative leaps or discontinuities in the latent scale values
of item response categories, specifically between categories 3 and 4 on the Likert-type scale. This, as we will
discuss below, is useful for identifying cutoff points.

DISCUSSION

Our first goal in this study was to provide new validity evidence for the construct measured by the CoNaMo
(i.e., Understanding of the nature of models in science), adding to that reported in a previous study which used
factor analysis and SEM (Oliva & Blanco-Lopez, 2021). It is important to remember that procedures based on
factor analysis have important limitations (Bond & Fox, 2007), especially when an instrument uses ordinal
Likert-type scales, which is usually the case in studies related to the nature of science (Neumann et al., 2011).
As we have seen here, the four scales that comprise the CoNaMo show a good fit to the Rasch model. Item
reliability indices were also high, although person indices were only acceptable. This means that while the
CoNaMo scales are sufficiently reliable to be used to compare item measures, or to compare the performance
of groups of students, they are less suited to decision making based on individual student measures. An
increase in person separation reliability would probably require the addition of new items to each dimension,
although this would then mean the inclusion of reiterative or redundant statements; this, in turn, would likely
produce local dependence between items, and hence a poorer fit of the data to the model. We must therefore
accept this limited reliability of person measures as a limitation of the constructed scales, one that they share
with the SUMS scales (Wei et al., 2014).

Regarding the probability curves, these indicated acceptable behavior, with the five response categories
being ordered monotonically, as expected. However, and as in the Rasch validation of the SUMS (Wei et al.,
2014), some of the intermediate categories on the Likert-type scale used overlapped with the adjacent
categories, suggesting the need to revise them.

The Wright maps provide useful visual information about the distributions of measures along the latent
dimensions, and they allow comparisons to be made. As we have seen, there is good overlap or targeting
between the person measures and the item Thurstonian thresholds, which is desirable in terms of scale
quality. However, and related to our second research question, there are also discontinuities in the spread of
threshold values that could help to establish cutoff points in the measures obtained. In particular, there is a
discontinuity in the latent variable when moving from level 3 to level 4 on the Likert-type scale, that is, between
the categories agree and strongly agree for positively worded items, and between disagree and strongly disagree
for reversed items. This confirms the need to treat both the Likert-type scales of the CoNaMo and the raw
scores obtained from them as ordinal rather than interval-level variables. In order to work with the latter, we
would need to transform the raw scores into measures on the latent dimensions.

Another possibility would be to transform the quantitative raw scores into dichotomous nominal variables,
distinguishing between adequate and insufficient levels of performance based on the score obtained. This
could be achieved by establishing a cutoff based on the Thurstonian thresholds, which would locate it at
category 3 on the Likert-type scale, or around a value of 1.0 logits on the latent scales. This value is equivalent
to a score of 15 on a scale from 0 to 20, or to a value of .75 if the scale for each dimension is normalized to a
range from 0 to 1. This qualitative reinterpretation could have interesting repercussions. Specifically, it could
eliminate the inflation effect that usually contaminates the results obtained with Likert-type scales, thus
avoiding discrepancies between the conclusions that emerge from studies which use this type of instrument
and those which employ qualitative measures (Lazenby et al.,, 2019; Sins et al., 2009). Use of the
aforementioned cutoff would mean, for example, that a raw score on the CoNaMo of 12 out of 20 (.6 on the
scale zero to one) would be considered a low value, despite being above the midpoint of the scale.

CONCLUSIONS AND IMPLICATIONS

The results of this and a previous validation study that used factor analysis and SEM (Oliva & Blanco-L6pez,
2021) show that students’ understanding of the nature of models and their uses in science is a complex
construct comprising several dimensions. Accordingly, the CoNaMo provides information about four different
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dimensions that, despite some degree of intercorrelation, are not sufficiently related to justify treating the
measured construct as unidimensional. This is consistent with the results of other studies in this field, which
usually define separate scales or dimensions for each of the sub-constructs they consider (Crawford & Cullin,
2005; Grunkorn et al.,, 2014; Jansen et al., 2019; Treagust et al., 2002).

Overall, the results of the Rasch analysis suggest that the CoNaMo may be useful as a diagnostic tool when
applied to groups or populations of students, although it should not be used for diagnostic or assessment
purposes with individual students, especially if this would have academic consequences. Our aim in the near
future is to build on this research by using the CoNaMo as an assessment instrument in various studies:
Analyzing changes in students’ understanding of the nature of models in science across different levels of
education; comparing the results obtained by college students from different science disciplines; studying the
relationship between the results obtained by students and practicing science teachers; examining changes in
questionnaire responses during teaching-learning sequences aimed at developing students’ understanding
of the nature of models; exploring the possible relationship between students’ understanding of the nature
of models and their ideas about, for example, the nature of science.

We consider that the results of this study contribute to further research in science education at least in
the following aspects:

(1) they provide additional types of evidence of internal validity of the measured construct,
(2) they allow us to analyze the metrics of the 5-point Likert scales, and

(3) the Rasch analysis was useful to identify a cutoff point that could be used to transform the quantitative
raw scores obtained with the CoNaMo scales into qualitative variables; specifically, it located the cutoff
point at a score of 15 out of 20, or .75 if the scale is normalized to a range from zero to one.

This threshold could, hypothetically, serve to differentiate between students with an adequate versus an
insufficient understanding of the nature of models and their uses in science. Testing this would require new
complementary studies that combine quantitative and qualitative methods of data analysis, for example,
comparing students’ responses to interview questions or open-ended questionnaires with what is suggested
by their results on the nominal CoNaMo scales, with the aforementioned cutoff.
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APPENDIX A

Conamo Questionnaire
1. Un modelo tiene que ser completamente igual que el objeto que representa, pero a un tamafio
diferente [A model must be the same as the object it represents, but on a different scale].

2. Cada modelo tiene que ser idéntico al objeto o fendmeno que estudia [Every model must be identical
to the object or phenomenon it studies].

3. Un modelo tiene que ser igual que el objeto que estudia [A model must be the same as the object it
studies].

4. Un modelo puede ser un poco diferente del objeto estudiado [A model can differ a little from the object
studied].

5. Un modelo y el fendmeno que representa pueden ser diferentes en algunas cosas [A model and the
phenomenon it represents can differ in some aspects].

Los modelos sirven para poner a prueba las teorias [Models serve to put theories to the test].

7. Los modelos se usan para ayudar a elaborar ideas y teorias sobre los fendmenos cientificos [Models
are used to help develop ideas and theories about scientific phenomena].

8. Un modelo sirve de poco para plantear preguntas investigables [A model is of little use for posing
research questions].

9. Un modelo sirve de poco para elaborar teorias [A model is of little use for developing theories].

10.Los modelos sirven para comprender los fendmenos naturales [Models help us to understand natural
phenomenal.

11.Si tenemos dos modelos del mismo fendmeno, solo uno resultara Util para entenderlo [If we have two
models of the same phenomenon, only one will be useful for understanding it].

12.Los cientificos suelen recurrir a varios modelos para estudiar diferentes aspectos de un mismo
fenémeno [Scientists usually rely on several models to study different aspects of the same
phenomenon].

13.Un solo modelo es siempre suficiente para comprender un fenémeno [A single model is always
sufficient for understanding a phenomenon].

14.Se necesitan varios modelos para mostrar distintos puntos de vista de un fenédmeno [Several models
are needed to show different perspectives on a phenomenon].

15.Para cada fendmeno solo se debe emplear un modelo [Only one model should be used for each
phenomenon].

16.Un modelo nunca es definitivo [A model is never definitive].

17.Cuando un modelo es aceptado por los cientificos ya nunca es cambiado por otro modelo [When a
model is accepted by scientists it is never replaced by another model].

18.Si aparecen nuevos datos o nuevas ideas, los modelos pueden cambiar [If new data emerge or new
ideas develop, then models may change].

19. Los modelos que aparecen hoy en los libros son ya definitivos y no cambiaran en el futuro [The models
that are currently described in textbooks are definitive and will not change in the future].

20.Todo modelo puede cambiar con el tiempo [Any model can change over time].
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APPENDIX B

Instructions for Instrument Administrators

1. Explain that CoNaMo questionnaire participation is voluntary, and their answers will be kept
confidential.

2. Explain clearly that the purpose of the questionnaire is find out what students think about models and
their role in science. The assessment will not influence their school grades in any way.

3. Students should be seated with some space between them to allow for privacy.
4. Distribute the answer sheets.

5. The questionnaire administrators should not clarify words or phrases or define any of the terms used
in the survey. If there are questions about any item, simple respond; just answer the question as you
interpret it.

No time limit must set for completing the questionnaire.

~

Express your gratitude to the respondents when he/she complete the questionnaire.
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APPENDIX C

Instructions for Instrument Rating
1. Students’ responses to the CoNaMo are coded on a scale from zero (corresponding to strongly
disagree) to four (strongly agree).
2. Scores on reverse worded items must be recoded, inverting the values.

3. Ablank response can be considered an indecisive response. Therefore, it can be coded with the value
two of the Likert scale.

4. A result for each subscale can be obtained by calculating the sum of individual item results, thus
obtaining a scale ranging from 0 to 20: beyond exact replicas (items 1 to 5), purpose of models (items
6 to 10), multiple models (items 11 to 15), and changing models (items 16 al 20).

5. These scores can be recoded and expressed on an interval from zero to one, just dividing by 20.

6. A score of 15 points (.75 if the scale is normalized to a range from zero to one), could serve to
differentiate between students with an adequate versus an insufficient understanding of the nature of
models and their uses in science.

o0
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