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Assessing authenticity in
modelling test items: deriving a
theoretical model

Dominik Schluter* and Michael Besser

Institute for Mathematics and its Didactics, Leuphana University LUneburg, Luneburg, Germany

Authenticity is considered a central feature in the context of teaching and
learning mathematical modelling and is often demanded for both learning
tasks and test items. Although large-scale studies hark back to this construct
for years, itis largely unclear how a theoretical and empirically robust model for
the description and practical operationalization of authenticity in modelling test
items might look like. The article addresses this research desideratum and aims
at deriving such a model based on existing theoretical concepts in mathematics
education. The article provides a broad theoretical overview of the status quo of
the construct and presents the “Model for Authenticity in Modelling Test ltems”
(MAMTI) as a result of those theoretical considerations. The model is based on
the ideas of constructivist object authenticity and comprises a total of 8 aspects:
real-world context, events, objects, question/assignment, data, figures, use
of mathematics and purpose. The model enables further empirical studies to
analyze and classify modelling test items or to vary them in terms of authenticity
expression.
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1 Introduction

Mathematical modelling is of great importance in mathematics education (Stillman, 2019).
The competence of mathematical modelling, i. e. solving real-world problems by using
mathematics, is especially significant with regard to the challenges of the 21st century and the
skills required to master these challenges (Lu and Kaiser, 2022; Luczak and Erwin, 2023). In
order to ensure that those modelling problems are close to reality and are not artificially
created for educational purposes, authenticity is regularly demanded being an indispensable
property of modelling tasks in mathematics education (Kaiser, 2017; Greefrath, 2018). This
special claim for the presence of authenticity is not only a normative one, but also empirical
studies indicate that the use of authentic resources in teaching mathematics can increase
learners’ performance and motivation (Vos et al., 2007; Palm, 2008; Mahler et al., 2020).
Therefore, authenticity is not only mentioned as an essential characteristic of modelling tasks
being designed for learning, but also of those (standardized) test items' used for diagnosing
and assessing students’ modelling competences (Stacey, 2015; Tout and Spithill, 2015;

1 The article uses the term "modelling tasks” for learning tasks and “modelling test items” for

assessment tasks.
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Greefrath and Maaf, 2020). Within the discussions in the modelling
community, authenticity has become a prominent “domain issue”
(Galbraith, 2013). Unfortunately, a major concern regarding the
concept of authenticity both in modelling learning tasks and
modelling test items is that authenticity is often conceptualized
differently and sometimes not defined at all (Vos, 2011). However,
within recent years, the theoretical considerations of Vos (2011, 2018)
have had a significant influence on the current international discourse
about authenticity in modelling tasks. She describes authenticity in
mathematical modelling tasks in a binary and atomistic way and
defines it from a sociological perspective as a social construct. While
her approach is already being used to analyze authenticity in learning
tasks, it is rarely found in analyses of test items. In particular, a
theoretical and empirically robust model for the practical description
and operationalization of authenticity in modelling test items
represents a research desideratum - although large-scale studies like
PISA hark back to this construct for years. Taking this into account,
the present study pursues the following aim: Deriving a theoretical
model that can be used as a basis for the empirical assessment of
authenticity in (standardized) modelling test items.

For doing so, the theoretical article briefly introduces the key role
of authenticity in mathematical modelling and presents some
conceptual understandings of authenticity in general as well as in
mathematics education in particular (section 2). Next, the research
aim of the study is stated, the “Model for Authenticity in Modelling
Test Items” (MAMTT) is derived theoretically, and the benefit of this
model is demonstrated exemplarily by analyzing a sample test item
(section 3). Finally, the added value of the obtained model is discussed
and further steps are highlighted (section 4).

2 Theoretical background
2.1 Mathematical modelling

2.1.1 Brief introduction to mathematical
modelling

With respect to the concept of “mathematical literacy” (OECD,
2018), a central aim of modern mathematics education is to enable
students to recognize and understand the role of mathematics in the
real world and to be able to use mathematics in it. An essential
component in the realization of this basic idea is the conscious
consideration of applications and modelling in mathematics
education. While applications are thought of from mathematical
content in the direction of reality and focus more on the products,
mathematical modelling is thought of in the opposite direction from
reality to mathematics and focuses more on the processes (Niss et al.,
2007). Based on this, modelling in mathematics education (despite
many different perspectives, see Kaiser, 2017) is basically understood
being the process of working on and solving real-world problems by
using mathematics (Niss et al., 2007; Maaf3, 2010; Kaiser, 2017;
Greefrath, 2018). In line with these ideas, key aspects of mathematical
modelling are given by translation processes from reality to
mathematics and vice versa (Leiss et al., 2019). The entire modelling
process itself comprising all those single steps is often idealized as a
cycle describing different sub-competences (see e. g. Blum and Leiss,
2007; Kaiser and Stender, 2013). In this way, mathematical modelling
is considered being a 21st century skill and is embedded as an
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important competence in many curricula around the world (Lu and
Huang, 2021).

2.1.2 Discourses around modelling tasks and the
key role of authenticity

In the context of modelling, mathematical tasks are crucial for
implementing modelling activities into mathematics education (at
school) (Blum, 2007). However, the question of whether a given task
can be considered being a modelling task is a complex one. A
simplified distinction can be made between two perspectives: On the
one hand, there are authors (such as Kaiser, 2017) arguing for a clear
distinction between so called word problems and modelling tasks.
While authenticity is substantially inherent in a modelling task, i. e.
because it involves a real-world question or a problem with importance
in a genuine out-of-school context, word problems are those text-
based tasks with problems that are not important for the real world,
but only for the school context. On the other hand, authors and
researchers (such as Verschaffel et al., 2020) argue that authenticity
can vary even within a modelling task and that there will always be a
difference between an authentic out-of-school problem and a problem
dealt with at school. According to this last idea, modelling tasks can
be located on a continuum of authenticity, with modelling tasks
(according to Kaiser, 2017) representing the positive pole and
traditional word problems the negative pole.

Looking at the discourse at stake, it becomes clear that authenticity
has a key role to play in it. The importance of authenticity in
mathematical modelling is further emphasized by the fact that it is
named as a central characteristic of modelling tasks by many more
authors (Steen et al., 2007; Geiger, 2017; Borromeo Ferri, 2018; Siller
and Greefrath, 2020; among others). However, a closer look at the
concept of authenticity in mathematics education highlights that the
term is often interpreted very differently and sometimes not defined
atall (Vos, 2011). Following on from this, the next section is devoted
to a theoretical review of conceptual understandings of authenticity
both in general as well as in mathematics education.

2.2 Conceptual understandings of
authenticity

One of the difficulties in dealing with the term authenticity is that
there is no clear definition (not only in education) from both a
historical and a contemporary perspective. Etymologically, the terms
authenticity and authentic come from ancient Greek: While a00¢vtng
can express terms such as executor, autocrat or originator, the
adjectival use ad0evTIY0G can mean reliable, correct, original (Knaller
and Miiller, 2005). The late Latin term authenticus, like the original
Greek word, refers primarily to written documents. Starting from this
word origin, there have been different etymological developments in
many different fields, with some facets of meaning disappearing and
others gradually being added (Knaller and Miiller, 2005). The fields in
which the concept of authenticity has been and is used include, for
instance, art, law, marketing, philosophy or rhetoric. In these
disciplines, the term is used to refer either to objects or to subjects,
which is why Knaller (2006) makes a simplified distinction between
two forms: Object authenticity and subject/personal authenticity
(p. 21). In the following, both forms are presented using scientific
disciplines relevant to the discourse in mathematics education
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exemplarily: On the one hand, the material understanding of concepts
in relation to objects in archeology and, on the other hand, the
personal understanding of concepts in psychology.

2.2.1 Object authenticity in archeology — part of
a binary pair of terms

According to Knaller (2017), the concept of authenticity in
relation to objects results mostly from traceability to an originator or
to affiliation and is thereby verifiable through institutions or
authorities that authorize authenticity (pp. 8-9). Such object
authenticity, for instance, is integral to the discipline of archeology.
Here, the pursuit of authenticity is at the heart of archaeological
knowledge production, as evidenced by activities such as
distinguishing between real artefacts and forgeries, or reconstructing
the actual origin or past (Mickel, 2018). Basically, in archeology,
artefacts are considered authentic if they truthfully originate from
human activities in the past, which is ensured by analysts with
archaeological expertise. There are certain requirements, for instance,
in modern archeology it is a requirement for excavated artefacts that
the excavation has been fully documented (Joyce, 2013). But even in
archeology, there are discussions and controversies about the
understanding of the term, whereby two main approaches can
be identified: A materialist and a constructivist one (Holtorf, 2013).
According to the materialist understanding, authenticity is understood
as an intrinsic property. Objects possess this inherent property (or
not) and there is a recognizable basis for determining authenticity. In
contrast, the constructive approach understands authenticity not as a
naturally inherent quality, but as the result of a process of interpretation
and attribution (see in this regard Saupe, 2014; Warnke, 2022). Here,
the term is described as “variable, negotiable and relative to a specific
social and cultural context” (Holtorf, 2013, p. 428). When considering
the conceptual understanding of historical authenticity in the context
of archeology, it is striking that the term is often defined by establishing
the binary pair of terms original (authentic) and forgery/copy
(inauthentic). This binary definition of authenticity is widely used in
archeology, but is also critically discussed in parts (e.g., Eser et al.,
2017, p. 3).

2.2.2 Subject authenticity in positive psychology
— conceptualization as a continuum

While object authenticity focuses on the traceability to authorship,
subject authenticity (or sometimes personal authenticity) refers to
personal characteristics of persons. With respect to Knaller (2017),
subject authenticity encompasses the notion of an empirical, social,
psychological subject that distinguishes truthfulness (p. 8-9). In
contrast to object authenticity, the attribution of authenticity is not
based on universally valid or easily verifiable principles (Knaller, 2017,
p- 22). Personal authenticity understood in this way can be found,
among other disciplines, in positive psychology. In contrast to the
traditionally deficit-oriented psychology, this scientific discipline deals
with the positive aspects of being human. Authenticity plays a
significant role in this context and is considered being one of the
24-character strengths of a person according to the classification by
Peterson and Seligman (2004). In positive psychology, the authenticity
of a person plays a role in two facets. On the one hand, authenticity
involves “owning one’s personal experiences” (Harter, 2002, p. 382)
such as emotions, wants or beliefs. Besides the taking of ownership of
one’s own experiences, on the other hand authenticity here also
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includes an individual’s authentic behavior. This means that one “acts
in accord with the true self, expressing oneself in ways that are
consistent with inner thoughts and feelings” (Harter, 2002, p. 382).

In this discipline, as well, authenticity is often defined by
distinguishing it from the antonym, in this case from a lack of
authenticity or false-self behavior. Such false-self behavior involves
compromising one’s true self and acting in a way that is experienced
as phony or artificial (Harter, 2002). Unlike archeology, a binary
definition of authenticity is not an issue in positive psychology.
Instead, authenticity is conceptualized as a continuum in which
inauthenticity or false behavior represents the lower end and
authenticity the upper end (e.g., Wood et al., 2008; Thomaes et al.,
2017). To measure an individual authenticity score, which can
be located on this scale in the sense of a higher or lower level of
authenticity, instruments based on self-assessments are used (e. g. the
Authenticity Inventory by Kernis and Goldman (2006), for an
exemplary study harking back to authenticity measurement see
Borawski (2021)).

2.3 Authenticity in mathematics education:
summarizing the status quo of an often
used construct

Based on those considerations about object and subject
authenticity as outlined above, some very central ideas about
authenticity in mathematics education will be described in
detail below.

2.3.1 Niss: authenticity as attribution by experts

The definition by Niss (1992) of an authentic extra-mathematical
situation, which he formulates in connection to his demand that these
should be included in school mathematics, represents a landmark in
the understanding of authenticity in mathematics education.
He defines an extra-mathematical situation as authentic, “which is
embedded in a true existing practice or subject area outside
mathematics, and which deals with objects, phenomena, issues, or
problems that are genuine to that area and are recognized as such by
people working in it” (Niss, 1992, p. 353). He further emphasizes that
the situation does not necessarily have to do anything with everyday
life or that the mathematical models involved do not have to be correct
at all. However, central is the prerequisite that the situation is taken
seriously by those persons being addresses in the respective extra-
mathematical field. Thus, a situation remains authentic even in spite
of modifications, as long as these were made before implementation
in the mathematics lesson and as long as people in practice continue
to recognize them as authentic. When examining an example task,
Niss implicitly mentions some special aspects that can be authentic in
the context of a school task. These include the given data, the use of
mathematics or a model, the question addressed and the purpose
mentioned in the task (Niss, 1992).

2.3.2 Palm: authenticity as a simulation — a
holistic approach, located on a continuum

Palm (2007) goes on to define an authentic task in mathematics
education as one in which “the situation described in the task
including a question or assignment [...] is a situation from real life
outside mathematics itself that has occurred or that might very well
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happen” (p. 203). Moreover, according to Palm the task situation
should be described truthfully and the conditions of the task
processing should be simulated reasonably close to reality. While Palm
refers to the concept of authenticity as an extra-curricular situation
that should be described truthfully (like Niss does as well), the social
component considered being central by Niss is missing here. Rather,
what is significant in Palm’s understanding is that authentic tasks
involve simulations of real situation and that something that could
happen is already to be assessed as being authentic. Based on this
construct of authenticity as a simulation, Palm (2009) formulates a
“Framework for Authentic Tasks” as an operationalization of his
understanding (see Table 1). The components of this framework are
so called main- and sub-aspects of real-life task situations that can
be simulated with more or less fidelity.

The aspects listed in Palm’s framework are based on his
assumptions that the simulation of these can have an influence on the
extent to which students engage in mathematical activities when
working on word problems (Palm, 2007, p. 203). In addition, Palm
highlights empirical arguments for the validity of his theory and his
aspect compilation, as the application of the framework proved itself
in analyses of tasks (Palm, 2009, pp. 15-16). However, in relation to
the framework, he qualifies that it is impossible to simulate all aspects
in such a way that they match the extra-curricular aspects completely,
so there will always be a gap between the school task and the extra-
curricular situation. But the simulation of the aspects suggested by
Palm can influence the extent of the gap and thus the authenticity
itself, from which it can be deduced that a holistic perspective can
be identified in Palm’s consideration of authenticity. Despite the obvious
division into different aspects, he applies the term to the overall task,
which is also reflected, among other things, in the fact that Palm
(2009) writes of “more authentic” and “more inauthentic” tasks (p. 15).
In this holistic view, in which something is not classified in a binary
way but can assume a higher or lower level on a certain scale, a
connection can be made to the authenticity continuum from
positive psychology.

This understanding is also reflected in the applications of Palm’s
framework in different task analyses (e.g., Wernet, 2017; Paredes et al.,
2020). Here, selected aspects of Palm’s framework are assigned binary
or ordinal authenticity and then transferred into an overall judgement.
In doing so, the authenticity of the overall task is ordinally located on a
continuum, for instance in Paredes et al. (2020) as “Fictitious,

TABLE 1 “Framework for Authentic Tasks” in the style of Palm (2009, p. 9).

A. Event F. Circumstances
F1. Availability of external tools

F2. Guidance

B. Question

C. Information/data
F3. Consultation and collaboration
Cl1. Existence
F4. Discussion opportunities

F5. Time

C2. Realism

C3. Specificity
F6. Consequences
D. Presentation

G. Solution requirements
DI. Mode

D2. Language H. Purpose in the figurative context

E. Solution strategies
E1. Availability
E2. Experienced plausibility
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Believable, Authentic” or in Wernet (2017) as “low, partial or
full authenticity”

2.3.3 Vos: authenticity as a social construct — a
binary, atomistic, and social approach

Vos elaborates on existing conceptual understandings in
mathematics education and offers her own theoretical foundation for
describing authenticity in modelling tasks. Her understanding is based
on a definition from a study of Mozambican mathematics classrooms
by Vos et al. (2007), in which they considered individual aspects of
tasks to be authentic only if they were “clearly not created for
educational purposes” (Vos, 2011, p. 715). On this basis, Vos
establishes three central determinations for assessing authenticity in
modelling tasks, which manifest themselves in the following questions:

(1) Should a binary or an ordinal qualification be used?

(2) Should a holistic or an atomistic approach be chosen?

(3) Should authenticity be expressed dependently or independently
of an actor’s viewpoint?

With regard to the first question, Vos (2018) emphasizes that the
definition of authenticity in education is blurred, as philosophers and
psychologists have used the term to ordinally characterize a person’s
existential feelings or expressions. Here, Vos implicitly refers to the
dominance of a conceptual understanding of authenticity in education
in the sense of the subject authenticity described above. In this
context, Vos (2018) mentions that the use of the term authentic is
“unsuitable” in relation to the description of mathematics tasks,
because tasks are precisely not persons or individuals (p. 4).
Consequently, Vos insists on tasks being objects and therefore
implicitly refers to the perspective of object authenticity. By doing so,
Vos (2011) falls back on the archaeological understanding of the term.
And since there is no differentiation between more authentic and less
authentic artefacts, she argues analogously for assessing authenticity
in modelling tasks in a binary form.

Based on this and referring to question 2, from a holistic
perspective an authentic task would have to include the original
situation from the real world together with, for instance, responsibility
for life or material. However, as the removal of aspects such as this
responsibility is imperative for pedagogical purposes to ensure safe
learning environments, by Vos it is not possible to describe tasks being
authentic by an holistic approach, as this process of reduction makes
the task an incomplete copy of reality. In this context, Vos (2018) is in
line with other authors (e. g. Biichter and Leuders, 2016, p. 87), who
understand education at school as a didactic sanctuary, and thus it
never attains full authenticity. Nevertheless, in order to being able to
use the term constructively in mathematics education, Vos advocates
an atomistic approach: only individual aspects within a task should
be ascribed authenticity, which would then of course have to
be defined in detail. According to Vos (2011, 2018), tasks in
mathematical modelling can contain many different authentic aspects,
but not all conceivable aspects must be authentic, otherwise students
take on the full responsibility of a professional.

Regarding the third question, she once again harks back to object
authenticity consequently, or more precisely, she invokes the
constructivist approach from archeology already presented here. Vos
(2011) defines authenticity as a social construct, by which she
understands “agreements pertaining perceptions, norms and values,
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and these are developed and sustained in relations between actors and
objects” (p. 714), following the sociological studies of Berger and
Luckmann (1966). Vos transfers this understanding to mathematical
modelling and thus explicitly argues for expressing authenticity in
terms of such a social construct as independent of an actor’s viewpoint.
As a community which agrees on certain standards for when
something is considered being authentic, she considers students,
teachers, academics and out-of-school stakeholders. As such a
standard, Vos (2018) suggests that for any single authentic task aspect
the following two requirements must be met: “1. an out-of-school
origin; 2. a certification of provenance” (p. 8). The certification
mentioned in the second requirement can, for instance, be given by a
photo, a newspaper article or a confirmation of a person with out-of-
school expertise.

In order to being able to analyze and categorize tasks using this
approach (binary, atomistic, social construct), Vos suggests focusing
on a certain set of aspects and examining tasks in terms of the
authenticity of these aspects. A concrete example of such a model of
operationalization can be found in Figure 1, here Vos (2018) names
three central aspects: “task context, question and solution methods &
tools” (p. 12).

Vos (2015) itself considers her definition being in line with the
landmark definition given by Niss presented at the beginning - and
expands it in two respects. Whereas Niss refers to an extra-
mathematical area, Vos speaks of an out-of-school origin, whereby the
origin may also be a mathematical one, as long as it is an out-of-school
one. In addition, she expands the group of experts in that now, for
instance, also stakeholders and not only “people working in it” can
confirm the real origin, whereby e. g. also consumer problems can
be seen as authentic. Other authors (e. g. Maaf}, 2010) also make this
extension of everyday life as another arena. The reference to Niss is
also strengthened by the fact that Niss’ social component (authenticity
as attribution) is reflected in the social construct defined by Vos. In
contrast, the comparison of Vos’ and Palms’ theories indicates that in
both theories partly opposing assumptions are made. While Palm uses
the construct of simulation in his understanding of the term,

authentic methods
and tools for solving

inauthentic
aspects \
authentic
task context
authentic
question

FIGURE 1
Suggested operationalization according to Vos (adapted from Vos,
2018, p. 12).
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according to Vos such simulations are precisely not authentic, since a
simulation is a copy and thus the opposite of the original. Based on
this opposite fundamental assumption, Palm defines authenticity in
relation to a task holistically with gradations, while Vos, in contrast,
does so binarily and automictically.

2.3.4 Relation to related terms

The term authenticity is defined in the literature partly as a
synonym, in connection with or as a distinction from other terms.

Firstly, this concerns the word pair authentic and realistic. On the
one hand, there are authors such as Greefrath (2018), for whom a task
is authentic if it is credible for the students and at the same time
realistic in relation to the environment. Following on from this, the
term “realistic” is used in task analyses to assess authenticity (Greefrath
et al., 2017; Siller and Greefrath, 2020). In contrast, an explicit
distinction between the two terms can be found at authors such as
Maaf3 (2010) or Vos (2020). Whereas according to Vos (2020), as
already mentioned, something is authentic if it is clearly not
constructed for educational purposes, “realistic means: as if from real-
life, close to reality, or could be imagined as real” (p. 38). An aspect
understood in this way is therefore “realistic,” but unlike authentic
aspects, it does not actually have to exist in this form. This type of
distinction is also implicitly found at Niss (1992), who distinguishes
between authentic situations and “as if” situations (p. 354).

Secondly, definitions of authenticity can be found in the literature
in connection with the term relevance. Some authors (Jablonka, 2007;
Turner et al, 2009) talk about the sense of relevance being a
prerequisite for authenticity in mathematical modelling. Thus
Jablonka (2007): “However, authentic (i. e. actual, not imitated, not
false or adulterated) mathematical modelling takes place, when
students and teachers are bona fide engaging in a modelling or
application activity about an issue relevant to them or to their
community” (emphasis in original, p. 196). Other authors, such as
Greefrath (2018) or Vos (2011), emphasize that authenticity does not
mean that students actually need the corresponding applications or
that it is relevant to their present or future lives, but only that
something is real and not constructed for school. Thus Vos (2011): “T
claim that the term authenticity can be a qualification clear to all
actors, even if the aspect has no meaning or relevance to them”
(p. 720). According to Vos, the terms already differ in that in her
approach authenticity is defined as a social construct in contrast to the
actor-dependent term “relevance.”

2.3.5 Authenticity in modelling test items

Regardless of which understanding of the term is followed, it
becomes apparent that the realization of authenticity in the
construction of modelling tasks is challenging, especially for tasks in
standardized test situations (Tout and Spithill, 2015; Greefrath and
Maafi, 2020). In the following, the authors understand a standardized
test to be an assessment procedure in which reliability and validity can
be demonstrated, so that conclusions about the knowledge or skills of
the participants can be drawn from the test results (Morrison and
Embretson, 2018). Here, it is common practice (with exception of
adaptive testing, see Frey, 2023) that each participant receives the same
instructions, has the same amount of time, and all answers are scored
in the same way. Since authenticity, as shown at the beginning of the
article, is considered being a central feature of modelling tasks in
general, this also must apply to such tasks in standardized tests that
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measure modelling competence (“modelling test items”). This
requirement is also reflected internationally in the frameworks of
various performance tests.

Prominent reference can be made to the OECD’s “Programme for
International Student Assessment” (PISA). The programme’s studies
measure mathematical performance at regular intervals in the sense
of the concept of “mathematical literacy” PISA defines “mathematical
literacy as the ability to formulate and solve mathematical problems
in situations encountered in life” (OECD, 2001, p. 22). Here,
mathematical modelling is a “cornerstone” of the PISA framework and
the OECD (2018) makes conceptual use of a modelling cycle as a “key
feature” to measure mathematical literacy (p. 4, 11). In the context of
these modelling activities, authenticity has since been demanded in
the PISA Frameworks. With regard to task characteristics, the original
OECD (1999) Framework explicitly emphasizes that only superficial-
looking real-world contexts should be avoided and that the focus is on
authentic contexts (p. 51). The OECD’s understanding of authenticity
reflects the understanding of Niss (co-author of the Framework): “A
context is considered authentic if it resides in the actual experiences
and practices of the participants in a real-world setting” (OECD, 1999,
p- 51). Confirmation of this requirement for PISA test items can
be found at OECD (2001), which again explicitly calls for authentic
test items, adding that they may sometimes be fictional as long as they
represent the kinds of problem encountered in real life (p. 23). The
demand for authenticity is also further reflected in the current OECD
(e.g., 2018) frameworks. Authenticity is given such a high priority in
PISA that it forms one of the main criteria by which test item adequacy
is judged in all countries (Stacey, 2015).

The requirement for authenticity in real-life mathematical test
items is also present in various national performance assessment
programs. The “National Assessment of Educational Progress” from
the United States can be cited as an example: “We recommend
developing authentic assessment items with multiple access points that
provide diverse populations of students with opportunities to
demonstrate their mathematical knowing and reasoning in creative,
authentic ways” (National Assessment Governing Board, 2021,
p. 128).

While authenticity is explicitly called for in various frameworks
of significant performance tests in reality-based mathematics tasks,
few studies have been devoted to the analysis of authenticity in such
test items. One example is the study by Palm and Burman (2004),
which analyzed test items from Finnish and Swedish national
evaluations. Here, they do not explicitly state that they are investigating
authenticity, but they draw on a previous version of Palm’s framework
(Palm, 2006) and implicitly focus on authenticity to be understood in
Palm’s sense. Mahler et al. (2020) opted for a small set of aspects of
Palm’s (2009) framework when developing mathematics test items in
order to make the items as authentic as possible. The authors pointed
out that future studies should examine to what extent the authenticity
in such test items is related to the probability of solving them and from
which aspects students differentially benefit. Other important studies
in the context of the investigation of authenticity in test items are those
by Greefrath et al. (2017) and Siller and Greefrath (2020). In both
studies, authenticity is analogously divided and examined in two
aspects: The authenticity of the context and the authenticity of the use
of mathematics.

The previous studies mentioned here have looked at the
authenticity in test items from different angles, but they do not use a
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model specifically developed to test items that has been theoretically
derived and empirically tested in this context. For example, in the
PISA assessment process, only the context of test items is rated on a
five point scale in terms of authenticity (Tout and Spithill, 2015). Thus,
it is largely unclear how a theoretical and empirically robust model for
the description and practical operationalization of authenticity in
modelling test items might look like. Moreover, it is striking that Vos’
approach, which is significant for the international discourse, is
already used for the analysis of learning tasks (e.g., Turner et al., 2022)
but is still unconsidered in analyses of test items.

3 Deriving a theoretical model for
assessing authenticity in modelling
test items

3.1 Research aim

The desideratum described above is addressed in this article and
the following research question is posed in this article: “Which
theoretical model can be derived from existing discussions on the
authenticity in modelling tasks that can be used for empirically
describing and operationalizing modelling items that are used in
standardized tests in later steps?”

Based on theoretical considerations (see section 2) as well as
expert interviews, a theory-based model was developed which is
presented here for the first time. In the following, the central features
of the model are presented and the aspects are described in detail.

3.2 Central features of the model

The theoretical analysis gives rise to the following central features
of the theoretical model.

(1) Recourse to object authenticity: Firstly, the model is based on
the central idea that modelling test items (as well as modelling
tasks in general) are objects, rather than subjects, which is why
object authenticity forms the foundation. As has been
demonstrated, something is considered being authentic if a
standardized analysis shows that an object is genuine as
opposed to a forgery. Since modelling test items comprise real-
world problems, the authenticity of these objects can
be assessed with respect to the extra-mathematical reference to
reality. Consequently, an object is authentic according to the
present model if an analysis (for further details see section 4)
proves that it is genuinely derived from reality.

(2) Distinction from related terms: The term authentic is
distinguished in the model from the terms realistic and
relevant. The definition of authenticity in the model shown
above in (1) is derived from object authenticity and does not
correspond to the basic idea of a realistic object. Whereas with
a realistic object it is merely conceivable that it could exist in
reality, an authentic object actually exists. Likewise, it is obvious
that the present definition of authenticity (an object is genuine)
can be clearly distinguished from the concept of relevance (i.e.,
whether an object has a meaning for the current or future life
of the students).
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TABLE 2 Overview — model for Authenticity in mathematical modelling test items.

Aspect Main sources of origin Key question

I Real-world context « Siller and Greefrath (2020) Does the overarching real-world context actually exist outside of school?

1I Events « Palm (2009) Are they events that actually happen outside of school?

I Objects « Vos (2018) Are they reality-based objects that actually exist outside of school?

v Question/ « Niss (1992) Does it represent a question that actually arises for people in the real-world context?

assignment o Palm (2009)

o Vos (2018)

A% Data « Niss (1992) Is it data that people actually encounter outside of school?
e Palm (2009)

VI Figures « Palm (2009) Is it a representation that people actually encounter outside of school?

viI Use of mathematics | o Niss (1992) Does the expected use of mathematics correspond to that which is actually used in the real-
« Siller and Greefrath (2020) world context?

VIII Purpose o Niss (1992) Does the purpose of the processing correspond to the actual purpose of an activity in the real
« Palm (2009) context?

(3) Binary distinction: Following the idea of object authenticity,
authenticity is defined in a binary way in the model: If evidence
of an object’s out-of-school origin can be found, it is considered
authentic; if no evidence can be found, the aspect is considered
not being authentic.” Although authenticity is normatively
demanded for modelling test items, the classification as not
authentic is necessarily to be understood as descriptive and
value-free for two reasons. Firstly, to date there is little evidence
on which use of which resources in modelling test items yields
positive effects. Secondly, non-authentic objects can cover a
wide spectrum: from artificial disguises to strong
simplifications to realistic representations, which should not
be devalued across the board.

(4) Atomistic approach: The basis for this is the assumption
elaborated in the theoretical part that modelling tasks,
especially modelling test items in standardized tests, can only
simulate real out-of-school situations. Since simulations of
objects are the opposite of the originals, a modelling test item
cannot achieve complete authenticity from a holistic
perspective. Therefore, in order to operationalize authenticity
in the model, an atomistic distinction is made between aspects
that can be authentic or not.

A social construct: Since it is not possible to look into the minds

of the test item developers involved at the time when analyzing

existing test items, the authenticity of individual aspects cannot
be identified as an inherent property of the item. Consequently,
the model uses the constructive approach of object authenticity:

A test item aspect is authentic if researchers attribute

authenticity to an aspect in an intersubjectively comprehensible

manner based on a theoretically sound method (see section 4).

This approach corresponds with Vos’ concept of the social

2 Inthe model, the word inauthentic is deliberately not used as the opposite
of authentic, since discussions with experts indicated that this is already
connoted with a negative valuation. Instead, the term "not authentic” is used,
which merely means descriptively that no authenticity could be verified in the

sense of the model logic.
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construct, which is why this serves as the basis for the model
and the requirements formulated by Vos are used: For an
aspect to be attributed authenticity, an extracurricular origin
must be present and demonstrable.

Selection of aspects: For the model, a set of aspects was compiled
that were identified through the literature review or discussions
with experts as central aspects to assess authenticity in
modelling test items (see Table 2). Palm’s (2009) framework
forms the central basis here, as it was explicitly intended by
Palm for aspect compilations in “use-inspired basic research”
and as the aspects it contains were found to be useful in
previous studies (p. 14). Thus, in the form of a synergistic
effect, the model makes it possible to link Vos” approach with
Palm’s considerations. Following Vos (2018), the model
deliberately speaks of “aspects,” since other terms such as
“elements” or “parts” have stronger dualistic connotations and
“aspects” can vary in size and overlap. The total of 8 selected
aspects form the core of the model (and thus also the basis for
future empirical work based on this model) and are described
in detail below.

3.3 Explanation and operationalization of
the aspects in the model

Two aspects of Palm’s framework are not reflected at all in the
present model because of its specialization in test items. Firstly, the
“circumstances;” since standardized testing situations are characterized
by the subject being the only source of variation and all other
conditions being controlled so as not to act as confounding variables.
This is usually associated with time constraints and low-stimulus
environments. As this does not correspond to such circumstances as
can be found in reality-based situations to which modelling items
refer, the aspect is not considered here. Secondly, the “solution
requirements” are not entered in the model. In standardized tests, the
answer is usually marked by a gap, an answer sentence or a cross. This
aspect also does not correspond to those that occur in the reality
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addressed by modelling items. The final aspects of the model are
described in more detail below, including its origins.

3.3.1 Real-world context

The real-world context aims at the overarching reality-based
frame of reference to which the test item relates. This first, initially
very broad aspect was derived from the discussions with various
experts as well as from Siller and Greefrath (2020): “Authenticity refers
to an extra-mathematical context which must be discussed by
mathematical means in the respective situation. The extra
mathematical context should be authentic instead of just being
constructed for this special mathematical task” (p. 386). Usually only
one object is to be identified as a coding unit here. These can
be everyday factual contexts, professional factual contexts or social
discourses. The aspect of an item is authentic if - irrespective of the
concrete events, data or similar - the overarching real-world context
verifiably genuinely originates from reality, i.e., if the context exists
outside of school. For instance, the real-world context roofing is
authentic, the cloning of the globe is not authentic, and in an intra
mathematical test item no object can be defined as a coding unit.

3.3.2 Events

This aspect refers to the event-related happenings presented in the
test item. In contrast to the context, the focus is not on the overarching
frame of reference, but on the concrete events. The aspect originates
from Palm’s (2009) framework, whereby the events are understood in
the plural here. This is done because quite often several events are
reported in modelling test items and it should be possible to record
several objects as a coding unit. Possible objects of the coding unit are
described initial situations, events that have occurred as well as
planned or performed activities. The events are understood as objects
of the coding unit in a generalized way without the information about
specific persons, specific objects or specific data. The aspect is
authentic if all events from the test item can be proven to actually
happen outside of school. Securing a bicycle with a lock or emptying
a trash can are therefore considered authentic events. Not authentic
are processes like counting the legs of a herd of animals or making the
rule that a basketball team wins a game only if the score has a certain
mathematical divisor.

3.3.3 Objects

In this aspect, the reality-based objects addressed in the test item
are analyzed. This consideration is based on Vos’ understanding of a
context: Referring to a study by Djepaxhija (2012) in which
calculations have to be made on a real existing marketplace, Vos
(2018) identifies this as an authentic context. In the current model,
however, this authentic marketplace neither corresponds to the real-
world context nor to the events but can be identified as an additional
aspect. In the case of an authentic aspect, all reality-based objects are
genuinely derived from reality and thus exist outside of school.
Prototypical examples of authentic objects are buildings such as the
Taj Mahal in India or things such as a dice cup; not authentic objects
are, for instance, a fair seven-sided playing dice or a fictitious
television model.

3.3.4 Question/assignment

This aspect refers to the question or, alternatively, the work
assignment posed in the test item. This aspect was adapted from
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Palm’s (2009) framework. Furthermore, Niss (1992) and Vos (2018)
also explicitly point out that the question can be seen as a central
aspect in the issue of task authenticity. To assess this aspect, the
question/assignment to which the processing of the test item relates
to is the object of the coding unit. Following Vos (2018), an authentic
question is one that “people within the context would ask” (p. 3). It
becomes evident that the present aspect is inextricably linked to the
real-world context. Thus, a question/assignment is classified as
authentic if it is formulated by people in the real-world context defined
in the first aspect and if this out-of-school origin can be proven. For
instance, in the context of tree cutting, it is an authentic question to
ask about the height of a tree. In contrast, in the context of candy
consumption, it is not an authentic question to ask for the probability
of pulling a certain candy out of the bag.

3.3.5 Data

This aspect includes the data presented in the test item (quantities,
numbers, sizes, dates, coding, or formulas). It is found implicitly at
Niss (1992) as well as explicitly in Paln’s (2009) framework. With
Palm, the aspect is divided into 3 sub-aspects, but in the present
model, the aspect is combined into one aspect and adapted in terms
of the ideas underlying the model. For the identification of the coding
unit, analogous to the aspect “objects,” only reality-related data is
considered. Inner mathematical statements such as “Calculate with pi
equal to 3” are thus not recorded here, since this does not refer to the
data from reality, but to the processing path. The reality-related data
can be textual, tabular or graphical and are always understood in the
context of the objects and events to which they refer. The decisive
factor for the attribution of authenticity is whether the data is
genuinely derived from reality, which means that people actually
encounter it outside of school. An example of an authentic data value
is the height of the Eiffel Tower of 324 meters, since an out-of-school
origin can be found for this. The area measurement of 4 by 5 meters
for a children’s room is also classified as authentic, as evidence can
be found that this was not artificially constructed for educational
purposes, but meets people outside of school. On the other hand, for
a throw distance in a javelin throwing competition of 100 meters, no
evidence can be found that people encounter this data value outside
of school, since the world record is less than 100 meters. The same
applies to smooth numbers for price quotations of products that never
cost smooth amounts outside of school.

3.3.6 Figures

This aspect relates to the figures that are presented in the test item.
It implicitly refers to the “presentation” aspect from Palm’s (2009)
framework and considers the mode of presentation. In the present
aspect, only figures from the item stem are identified as coding units
and not those that occur in the answer options. This is due to the fact
that, in general, the figures of the distractors must necessarily
be created artificially and cannot be authentic. Analogous to the data
aspect before, for the attribution of authenticity it is decisive whether
the figures are those that people actually encounter outside of school.
It consequently does not make a figure non-authentic just because it
has been chosen or photographed for the test item. A figure becomes
non-authentic when people outside school do not encounter it, e. g.
because it has been artificially created or because an original figure has
been edited. Examples of authentic illustrations are a photographed/
scanned bus map, a city map or a sketch of a garden from a brochure.
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Not authentic, on the other hand, would be the illustration of a chip
bag in which the height was drawn for the test item, or the illustration
of such a simplified city map which people do not encounter
outside school.

3.3.7 Use of mathematics

This aspect refers to the expected use of mathematics to process
the test item. On the one hand, the aspect has its origin at Niss (1992),
who addresses the aspect indirectly in an exemplary authenticity
analysis of a task. On the other hand, the aspect originates from Siller
and Greefrath (2020), who consider this aspect as one of two central
ones for the assessment of authenticity in their task analysis. For the
model, the aspect was adapted with regard to the ideas underlying it.
The coding unit shall be defined as the expected mathematical use in
processing the question or assignment of the test item. All parts of the
sampling unit that could provide information about this can be used
as a basis: The item stem, the sub-question, the answer options or, if
applicable, the solution sketch. References to processing such as
“Calculate with pi equals three,” which were excluded in the previous
aspects, are thus included in the coding unit for this aspect. An
authentic aspect exists if the identified mathematical use corresponds
to an out-of-school use of mathematics in the real-world context. As
with the question/assignment aspect, it becomes apparent that here is
again a link to the real-world context aspect. It must be possible to
actually prove the use in the real-world context; if the use is completely
taken over by an instrument or tool in practice and therefore no
longer plays a role, it is not an authentic aspect. An example is the use
of the area formula of the rectangle to calculate the size of a wall in the
context of painting. Although there are already devices that do this
work or make it easier, there is proof that this use continues to exist
outside of school and is thus clearly not created for educational
purposes. As a counter-example, the use of the arithmetic mean to
create a ranking is not an authentic aspect in the context of long
jumping. No evidence can be found for the out-of-school origin of the
use in the real-world context, as in practice other methods are used (e.
g. sorting the best attempts by size).

3.3.8 Purpose

This aspect is about the processing purpose of the test item. The
origin of the aspect is implicitly based on Niss (1992) and explicitly
based on Palm (2009), who describes “purpose in a figurative
context” as an aspect in his framework. Coding unit shall be defined
as those components of the test item in which the intent and purpose
of the processing required by the test item is described or presented.
The purpose must not be the processing itself, so the purpose of an
area calculation must not be the calculation of an area itself, but why
the area should be calculated in the real-world context. To the extent
that such a purpose can be identified in the test item, it is authentic
if it corresponds to an out-of-school purpose of an activity in the
real-world context and thus is demonstrably genuinely derived from
reality. As with the previous aspect or with the aspect of question/
assignment, a link with the aspect of real-world context becomes
obvious. An example of an authentic purpose is to estimate the wall
area so that enough wallpaper is purchased, as evidence can be seen
for this extracurricular origin in the real-world context of
wallpapering. A non-authentic purpose in the real-world context of
playing table tennis is calculating the table tennis table surface in
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order to improve the quality of the game, since a search for this does
not find any out-of-school evidence.

4 Application of the model

The model developed and theoretically legitimized here in the
article can now be used to analyze such test items in terms of
authenticity that claim to measure modelling competencies. The basic
ideas for the application of the model are outlined below and then
concretized using a selected example.

4.1 Basic ideas for the application of the
model

In order to use the model, the test item must first be defined as a
parent object in the form of a sampling unit. The model is designed in
a way that a test item consists of an item stem with information (text,
data, figures, etc.) and an associated question or work assignment. If
there is an item stem with several associated questions or assignments
(as it appears quite often in standardized tests), the item stem together
with one question or assignment is to be selected as the sampling unit.
If available, the desired or expected item solutions issued by the test
should also be included as data material in the sampling unit. But is
not sufficiently necessary, since this is only an additional help for one
single aspect (use of mathematics).

Subsequently, for the assessment of authenticity of the aspects in
the sense of the atomistic approach and object authenticity, the object
of each of the eight aspects must always be defined as a coding unit in
a first step. There are concrete specifications for each aspect and, based
on these, the objects must be specified to the raters. Depending on the
aspect, this coding unit can be one object or several objects, and it is
also possible that no object can be identified. If several objects are
identified as a coding unit, the following applies in principle:
Authenticity must be attributed to all objects in the coding unit for an
aspect to be considered authentic. If authenticity cannot be attributed
to at least one single object, the aspect does not originate genuinely
from reality and is thus considered not authentic in the sense of the
model. The determination of the objects of the coding units should
be done consensually by several scientists.

After specifying the objects of each aspect, raters can evaluate the
aspects in terms of authenticity. Here the question arises under which
conditions authenticity can be attributed. Explicit reference is made
to Vos requirements for an authentic aspect (2018): (1) an out-of-
school origin must be established and this (2) must be demonstrable.
This evidence can be given by the test item itself (e. g., source evidence
or illustrations) or can be found by purposeful search by the raters. In
this regard, scientists should provide raters with comparable and
standardizable guidelines.’ In principle, it may be the case that an
aspect was genuinely taken from reality, but this is neither evident

3 It is recommended that this evaluation be conducted by multiple
independent reviewers, as it was found in a pilot study that multiple independent
studies complemented each other with important information. After the aspects

have been coded independently, a consensus is reached together.
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from the test item itself nor demonstrable through search by several
raters. In this case, in the sense of object authenticity and the idea of
a social construct, it is consciously accepted that the aspect is classified
as not authentic because an out-of-school origin is not apparent to a
community (in this case, the scientific raters).

With the help of the coding of the individual aspects, test items
can finally be classified with regard to authenticity. However, there are
two important restrictions to be mentioned: Firstly, a test item in
which all aspects are authentic may not be called holistically authentic.
It should be noted that this is only a compilation of aspects central to
modelling test items. Other possible aspects such as the availability of
tools, processing circumstances or responsibility for material and life
are not examined, which is why we should not speak of “authentic test
items” in the sense of the assumptions made. Secondly, while test
items can be compared in terms of authenticity and considered on an
authenticity continuum in the sense of Verschaffel et al. (2020), this
should only happen in terms of “more or less” authentic aspects, and
not holistically in the way of “more authentic or inauthentic” items.

4.2 Assessing authenticity in the test item
“Climbing Mount Fuji”

The unit “Climbing Mount Fuji” serves to demonstrate an
exemplary application of the model (see Figure 2 for item stem and
question 1). The unit is one of the main survey items from the 2012
PISA study (OECD, 2013) and is suitable for the first exemplary
application of the model for several reasons. (1) PISA items in general
(as elaborated in the theory) are such test items that have references
to reality and are explicitly related to the concept of mathematical
modelling. (2) The unit was published as one of two sample units to
assess mathematical student performance in the OECD results report
OECD (2014) and is thus publicly available. (3) The test item
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development process and the authenticity assessment within the test
development process can be accessed in Tout and Spithill (2015). In
the following, we exemplarily consider the first question on the unit
“Climbing Mount Fuji,” whose cognitive effort explicitly consists in
taking pieces of a real-world situation and establishing a mathematical
problem to be solved.

In the authenticity assessment within the item creation process of
PISA, the context of the first question received an average authenticity
rating of 4.32 (range 1-5, with 5 best) from the national program
managers (Tout and Spithill, 2015). What an authenticity assessment
looks like using the model is shown below.

For the real-world context (aspect I), the topic of mountain
climbing can be identified as the overarching reality-based frame of
reference. The obvious out-of-school origin cannot initially be derived
from evidence in the test item itself. However, purposeful search
quickly generates evidence that this is an out-of-school topic. Our key
question, whether the overarching real-world context actually exists
outside school, can thus be verifiably answered in the affirmative.

Three text parts can be identified as events (aspect II): (1) There is
a dormant volcano in Japan, (2) a mountain is opened to the public
for climbing only during certain periods and (3) a number of people
climb a mountain. Evidence can quickly be found that the events are
actually taking place outside of school. Consequently, the key question
can be answered in the affirmative for all events, which makes the
aspect being authentic.

In the test item there is one reality-based object (aspect III): Mount
Fuji. A search quickly proves that Mount Fuji exist outside of school
and the aspect is authentic.

The question (aspect IV) referred to in the item processing is “On
average, how many people climb Mount Fuji each day?” This is a
question that demonstrably arises in the real-world context of
mountain climbing. Once again, this does not emerge from the test
item itself but from a purposeful search. In this regard, it is evident

CLIMBING MOUNT FUJI

Mount Fuji is a famous dormant volcano in Japan.

RN 5o 25
//////ﬂ\ M“\\\h\““ HINRN

Question 1:

Mount Fuji is only open to the public for climbing from 1 July to
27 August each year. About 200 000 people climb Mount Fuji
during this time.

On average, about how many people climb Mount Fuji each day?
A 340

B 710

C 3400

D 7100

E 7400

FIGURE 2

(A) Test Item "Climbing Mount Fuji” (PM942Q01) adapted from OECD, 2013 (B) Identified coding units of the test item “"Climbing Mount Fuiji".

CODING UNITS
| Real-world context * Mountain climbing
Il Events e Thereis a dormant volcano in Japan.
* A mountainis opened to the public for
climbing only during certain periods.
* A number of people climb a mountain.
11l Objects *  Mount Fuji

On average, how many people climb
Mount Fuji each day?

IV Question/assignment

V Data *  Mount Fuji is only open for climbing
from 1 July to 27 August each year.
* About 200 000 people climb Mount

Fuji during this time.
VI Figures ¢ Drawing of the volcano
VIl Use of mathematics * Calculation of the arithmetic mean

VIII Purpose Missing
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that municipalities managing public trails are looking into such an
issue. Thus, the question was genuinely derived from reality and the
aspect is authentic.

Two values can be identified as data (aspect V): (1) Mount Fuji is
only open for climbing from 1 July to 27 August each year and (2)
about 200,000 people climb Mount Fuji during this time. Not only is
there no evidence about these dates of the opening period, but there
is even explicit evidence to the contrary. Firstly, a brief purposeful
search shows that Mount Fuji is always opened depending on the
weather. Consequently, the opening dates are variable every year and
are usually from the beginning of July to the beginning/middle of
September. Therefore, given data value (1) from the test item is
possibly realistic (imaginable, close to reality), but it is not a value
genuinely derived from reality in the sense of the key question,
because one finds no evidence that people actually encounter the value
outside school. Even though this aspect is already not authentic,
we still consider the authenticity of given data value (2) for exemplary
discussion. Search shows that the number of climbers per year varies
between 200,000 and 400,000. The value of 200,000 from the test item
thus demonstrably originates from reality and is authentic. However,
the entire aspect includes inauthentic data, making it not genuinely
derived from reality and not considered authentic in terms of
model logic.

The drawing of the volcano is taken as the coding unit of the
figures (aspect VI). Once again, we cannot look into the developers’
minds, whether the graphics in the processing of creating the test
item were genuinely taken from reality. In the sense of a social
construct, we examine in an intersubjectively comprehensible way
whether there is evidence that people actually encounter such an
illustration outside school. We again see no evidence in the test
item itself, but find out through search that such a drawing of
Mount Fuji is a popular out of school vector graphic. Thus, the
aspect considered being authentic.

The expected use of mathematics (aspect VII) in the example test
item is the calculation of the arithmetic mean. A search quickly reveals
evidence that this use is common in the real-world context of
mountain climbing. To determine the average climbers of certain
trails, municipalities as well as reporting agencies usually use the same
method. Since both uses coincide, the aspect is considered
being authentic.

A purpose as to why the calculation should be carried out in
context cannot be identified at any point within the item. Thus, the
coding unit of the purpose (aspect VIII) is missing and cannot
be assessed for authenticity.

5 Discussion and outlook

5.1 Added value/novelties

The aim of the study was to address the desideratum identified in
the theoretical background and to derive a theoretical model for
describing and operationalizing such modelling tasks that are used in
standardized tests. The “Model for Authenticity in Modelling Test
Items” presented and theoretically legitimated in the article in detail
can be considered as the result of the study. The model enables the
analysis of authenticity in modelling test items in an intersubjectively
comprehensible manner using transparent formation of a coding unit
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and specific criteria for assessment. Here there are two central
novelties: In contrast to certain existing approaches, the present model
is both based on object authenticity and is tailored to test items.

The added value of the model becomes evident in the exemplary
analysis of the “Climbing Mount Fuji” test item. In the PISA item
development process, authenticity is related only to the overall context
with a five-point scale, and the test item receives an average rating of
4.32. However, it remains an open question which aspects of the test
item are authentic and precisely which are not. In contrast, the model
analysis differentially shows that the test item already contains certain
authentic aspects (real-world context, events, objects, question, figure,
use of mathematics), but for the data no authenticity can be stated and
the purpose is not mentioned at all. This increased informative value
makes the model an additional support for the acquisition, assessment
and (further) development of modelling test items.

Furthermore, the model can be used for assessing the authenticity
in test items of standardized tests and thus for comparing multiple
tests. Here, well-founded statements can be made about which aspects
are particularly frequently or also less frequently authentic in
which tests.

5.2 Limitations

A limitation regarding the application of the model is the fact that
the assessment of the aspects regarding authenticity is a social
attribution. Biases can always occur in the assessment process, for
instance, different information may be found or perceived differently
in the search. However, this possibility is counteracted by the prior
identification of a coding unit and the clearest possible
operationalization of the individual aspects. In addition, as mentioned
in the article, to reduce bias as much as possible, it should be ensured
that each test item is assessed independently by multiple raters.
Furthermore, at this point it should be emphasized that the attribution
by the raters should not be mistaken with the formation of a subjective
opinion. Whereas in the case of a personal opinion a subjective
decision is made, in the case of assessment in terms of the model, the
raters check in an intersubjectively comprehensible way whether
theoretically founded criteria are fulfilled.

Furthermore, the model initially only aims at assessing the
authenticity of central aspects of modelling test items. The model thus
opens itself to different approaches to how the results obtained by the
model can be interpreted after the assessment. This includes questions
about how missing coding objects are classified for which aspect or
about whether the aspects should be weighted differently. For instance,
in line with previous analyses (Greefrath et al., 2017; Siller and
Greefrath, 2020), the number of authentic aspects across a large set of
tasks (e. g., a set of modelling test items from a standardized test) could
be given in the form of percentages and conclusions could be drawn
about test item quality. However, two key remarks need to be made
regarding the interpretation of the assessment. (1) It is not in the
intention of the model to form an overall score from the assessment of
the individual aspects. As described in the article and theoretically
legitimated, the model follows an atomistic approach, which excludes
a holistic final evaluation in the form of a score. (2) Accordingly, the
situation that only authentic aspects are measured in a test item does
not mean that it is a completely authentic item. It is both only a
selection of central aspects and, as theoretically derived in the article,
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a mathematical school task cannot attain holistic authenticity in the
sense of object authenticity.

5.3 Outlook: empirical application

In a next step, the model will be used to gain insights into the
extent to which modelling test items in existing standardized tests
contain aspects which could be labelled being “authentic” For this
purpose, it is useful to compile a database with test items from
significant national and international tests. Authenticity in the test
items can then be assessed using the model and the results analyzed
qualitatively as well as quantitatively to draw conclusions about the
test items as well as the tests in general. In such further studies, it is
also important to investigate the extent to which the fundamental
model can be applied to all levels of education in the same way, or
whether adaptations are necessary in single cases.

In addition to this examination of the status quo, it remains an
open question which effects are associated with the normatively
required authenticity of different aspects. Here, the model can be used
to edit or create modelling test items based on the model and to
explore effects on cognitive and motivational-emotional disposition
of students when varying individual aspects. In this context, it still
remains an open question to what extent authenticity as a task and test
item criterion has direct effects or to what extent the students’
perception of this authenticity mediates effects of authenticity. When
looking at the sample test item “Climbing Mount Fuji,” it is noticeable
that the authenticity could only be proven by external search and that
no evidence was apparent to the students from the item itself. The
examination of these issues (which are significant for the further
development of modelling test items) is made possible by the
development of the present model and will be advanced in the
coming future.
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