ECOMNZTOR

Make Your Publications Visible.

Ring, Malte; Oberrauch, Luis

Working Paper

A Service of

ﬂ I I I Leibniz-Informationszentrum
° Wirtschaft
o B Leibniz Information Centre
h for Economics

Measuring Economic Graph Competence

Suggested Citation: Ring, Malte; Oberrauch, Luis (2024) : Measuring Economic Graph Competence,
ZBW - Leibniz Information Centre for Economics, Kiel, Hamburg

This Version is available at:
https://hdl.handle.net/10419/300727

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,

gelten abweichend von diesen Nutzungsbedingungen die in der dort

genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/300727
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Measuring Economic Graph Competence

Malte Ring and Luis Oberrauch

Malte Ring* (corresponding author), Tubingen University, D-72074 Tibingen, Germany, malte.ring@uni-
tuebingen.de, ORCID 0000-0002-5248-0427

Luis Oberrauch, University of Kaiserslautern-Landau, D-76829 Landau, Germany, luis.oberrauch@rptu.de

Abstract

The ability to work with graphs is at the core of the economic domain and is also one of the
central challenges for novices in the field. To accurately assess the graph competence of higher
education students, we developed and tested an 18-item graph competence instrument with
different economics graphs. The sample consisted of 579 students from multiple higher
education institutions in southwestern Germany. Item analysis based on item response theory
revealed that the instrument addresses a wide range of ability levels and discriminates
sufficiently between low- and high-ability learners. Concerning content validity, we find
meaningful correlations between test scores and domain-specific knowledge and generic
understanding of numerical quantities. Item difficulties indicate that questions that go beyond

simple graph operations are challenging for learners.
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1. Introduction

Economists use graphs to present and analyze relationships, most prominently in the supply-
and-demand model. Graphs are not only visualizations but also representations of domain
principles in the economic domain. Accordingly, the ability to understand and work with graphs
is at the core of economic thinking and practicing (Benedict & Hoag, 2011; Davies & Mangan,
2007). Nevertheless, graphs pose certain challenges for novices in the field which might be
related to a misunderstanding of central relationships depicted in the graphs but also to
misconceptions of how graphs are used in the economic domain (Benedict & Hoag, 2011,
Davies & Mangan, 2007; Ring, 2020; Schuhmann et al., 2005; Strober & Cook, 1992). Until
recently, researchers in economic education have investigated different research questions
regarding the use of graphs in teaching, for example, the effect of adding graphs to lectures in
higher education (e.g., Cohn et al., 2001; Cohn & Cohn, 1994; Kourilsky & Wittrock, 1987;
Wheat, 2007) and of certain graph formats on conceptual understanding (Chiou, 2009;
Jagerskog et al., 2019; Marangos & Alley, 2007; Reingewertz, 2013; Wheat, 2007). Students’
knowledge of the relationships depicted in different graphs—such as the rules of supply and
demand—has also been part of economics literacy and competence assessment instruments
(e.g., Kaiser et al., 2020; Walstad et al., 2013; Walstad & Rebeck, 2008).

Taken together, these research inquiries focus on graphs as learning aids from a teaching
perspective and on the underlying mechanisms represented in the graphs. Learners’ ability to
work with graphs, that is, to perform typical graph operations, has not been a major focus in the
economics domain (for exceptions, see Section 2.2). This is important, as assessments that focus
on the depicted relationship rather than on the graphs might not reveal learners’
misunderstanding of the graph format and its purpose. In other words, learners might know that
certain factors influence supply or demand but might still have difficulty understanding that
this could be represented as a shift of the one of the curves. To uncover these misconceptions
and better understand how learners can be supported in learning economics, it is necessary to
analyze learners’ ability to work with graphs in the economics domain as procedural knowledge

at the intersection of economics competence and generative quantitative abilities.

To address this research gap, we developed a conceptual model with six subcomponents for
graph competence in economic education: reading, interpreting, choosing the right graph to
display a relationship, using the graph to illustrate a domain-specific problem, identifying errors

in a graph, and evaluating the underlying model assumptions. For each of these subcomponents,



we developed items for three types of graphs: the supply and demand model, break-even

analysis, and indifference curves.

Using a sample of more than 500 higher education (HE) students with various educational
backgrounds, we analyze the quality of the resulting 18-item instrument. We investigate item
characteristics with item response theory (IRT) as well as the convergent and criterion validity
of the instrument, by examining the relationship between test scores and predictors of
economics knowledge and graph competence. Confirming previous research on graph
competence, the results show a significant correlation between domain knowledge and graph
competence as well as a positive relationship with math grades and previous economics learning
opportunities. Item difficulties indicate that questions that go beyond simple graph operations

are more challenging for learners in the economics domain.

The results offer practical insights for economics instructors on the use of graphs in teaching.
It suggests that learners may not intuitively grasp economic graphs, despite their common use
in instruction. The study highlights the importance of discussing not just graph reading rules
but also the link between graphs and economic concepts. We provide a conceptual model which
can guide the development of diagnostic tests to assess students' graph comprehension and
provide a complex and valid instrument that researchers can use to analyze the effect of

interventions on graph competence in economic education.

2. Previous research

2.1 Graphs in the economics domain

The main goal of teaching and learning in economics is not only developing factual knowledge
but also understanding complex and dynamic relationships that go beyond everyday concepts
(Davies & Mangan, 2007). Often, graphs represent these abstract concepts and relationships
and therefore can be seen as communication tools of the domain in research (Demir & Tollison,
2015) as well as education (Cohn & Cohn, 1994). A typical example is the relationship among
supply, demand, and price in the market model (Mankiw & Taylor, 2020). The graph is not
only a visualization — as it allows the reader to quickly understand the relationship — but also
an economist’s tool for analysis, as each part of the graph represents a variable of interest.
Market interventions, such as the minimum price, can be modeled in the graph as a horizontal
line, and the effect can be interpreted by analyzing the intersections with the supply-and-
demand curves (Mankiw & Taylor, 2020). Consequently, when learners are confronted with

graphs, they need to be able to read the graph features (read the point of intersection) and



connect the features to domain principles (e.g., understanding that the intersections represent

the effect of the minimum price).

Due to their importance as domain models, graphs have been thoroughly investigated as
learning aids from a teaching perspective (Chiou, 2009; Cohn et al., 2001; Cohn & Cohn, 1994;
Jagerskog, 2020; Kourilsky & Wittrock, 1987; Marangos & Alley, 2007; Reingewertz, 2013;
Wheat, 2007). Cohn et al. (2001), for example, analyzed the learning outcomes of students who
were randomly assigned to a lecture with or without graphs and showed that a lecture with
graphs was not beneficial or could even lead to adverse learning outcomes. One potential
reason, according to the authors, is that the students might not have been able to fully understand
the visualized principles or the purpose of the graphs. Consequently, the graphs might have
distracted learners rather than supported their learning process. As graphs are difficult for
learners, different authors have argued that other visual representations, such as charts of
feedback loops, might be less challenging and therefore more effective for teaching (Chiou,
2009; Jagerskog, 2020; Marangos & Alley, 2007; Reingewertz, 2013; Wheat, 2007).

However, graphs are seen as an important communication and analysis tool in the economics
domain. Accordingly, the focus should be shifted to learners’ competence in working with
economics graphs. Thus, it is vital to analyze graphs not only as a tool from a teaching
perspective but also as a domain-specific competence that learners need to master the
economics way of thinking. To identify the necessary abilities and relevant predictors for graph
competence, in the following sections, we summarize the literature on economics competence

and graph competence in other domains.

2.2 Economics competence and graphs

In research on economic education and economics knowledge and skills, various instruments
have been developed for both secondary and university students (e.g., Kaiser et al., 2020;
Walstad et al., 2013; Walstad & Rebeck, 2008). These instruments define economic
competence as learners’ ability to understand and apply economic knowledge from different
sub-disciplines such as basic economic principles, markets, the role of government or
international economics. The Test of Economic Literacy (TEL) and the Test of Understanding
in College Economics (TUCE) are the most prominent instruments in secondary and higher
education respectively. As these tests are meant to measure a wide range of economic
competencies, learners’ ability to work with graphs plays a minor role. Of all items concerning
microeconomics on the TUCE (Version 4; Walstad & Rebeck, 2008), for example, one item
asks learners to interpret part of a graph. Overall, these tests are not suitable (and were not
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meant) for analyzing a learner’s graph competence. Nevertheless, as domain knowledge and
graph competence are intertwined, some of the predictors of economics competence might also

manifest as graph competence in the economics domain.

With the help of these tests, researchers have identified relevant predictors of economics
competence, such as gender (in favor of male participants, e.g., Happ et al., 2021) or previous
economics learning opportunities (e.g., Bruckner et al., 2015). Regarding math-related skills,
Schuhmann et al. (2005) showed that general quantitative abilities are necessary for developing
economics competence. In their instrument, the authors used items that assess typical graph
skills for which participants had to read and interpret data points or identify the slope of a curve
with other items, such as solving equations or computing simple percentages as a predictor of
general quantitative skills. The authors concluded that students do not do well on these
questions and argued that, consequently, they might not understand the language used by
instructors in economics courses (Schuhmann et al., 2005). Focusing on graphical analysis, Hill
and Stegner (2003) analyzed which students could answer a single graphical question regarding
surplus. The authors demonstrated that in addition to students whose mother had at least a
bachelor’s degree, students with a higher GPA and a preference for math and logic puzzles were

more likely to answer the question correctly.

Only a few studies have focused explicitly on the ability of learners to work with graphs in the
economics domain (Cohn et al., 2004; Marire, 2017; Ramos Salazar & Hayward, 2022). Using
assessment data from 578 students in an introductory microeconomics course, Marire (2017)
demonstrated that learners find graph-based multiple-choice questions challenging and are
often unable to reproduce graphs in written questions. Notably, the author found differences
between the graph content; namely, questions that address the indifference curve were most
challenging and further identified a gender bias in favor of male learners (Marire, 2017). The
gender gap for graph questions in economics was recently confirmed by Ramos Salazar and
Hayward (2022), who found differences between male and female learners in a sample of 206
undergraduate students only for graph questions and not for text questions. The gender
differences might partly be explained by attitude toward graphs. In a study by Cohn et al. (2004)
female learners reported that graph questions were less helpful for their learning process in

economics and more intimidating compared to their male peers.

In summary, in previous instruments, graphs either play a (small) role as content knowledge

(Walstad & Rebeck, 2008) or are seen as part of a domain-unspecific quantitative ability

(Schuhmann et al., 2005). Little research has yet focused on (measuring) domain-specific graph
5



understanding (Hill & Stegner, 2003). When graph ability is analyzed in more detail,
researchers have shown that graph questions are difficult for all learners and even more so for
female students (Cohn et al., 2004; Marire, 2017; Ramos Salazar & Hayward, 2022). To
systematically analyze the ability and to investigate specific challenges that arise when students
work with graphs, a comprehensive instrument for analyzing graph competence would be
helpful. To better understand how graph competence can be modeled and how it is related to
domain knowledge, it is fruitful to closely examine other disciplines that have a longer research

tradition in investigating graph understanding.

2.3 Measuring graph competence in other domains

Measuring and modeling learners’ abilities to work with graphical representations has a
significant research tradition in (educational) psychology and math and science education
research (e.g., Aberg-Bengtsson & Ottosson, 2006; Beichner, 1994; Berg & Smith, 1994;
Curcio, 1987; Friel et al., 2001; Lai et al., 2016; McKenzie & Padilla, 1986; Ring et al., 2019;
Shah et al., 2005). We summarize this literature (a) to better understand the relevant skills that
learners need when working with graphs, (b) to highlight how they can be meaningfully
measured, and (c) to provide an overview of previous predictors of graph competence in other

domains.

Regarding the analyzed skills, most frameworks focus on graph reading and comprehension
(e.g., Aberg-Bengtsson & Ottosson, 2006; Friel et al., 2001; McKenzie & Padilla, 1986; Ring
et al., 2019; Shah et al., 2005). For graph comprehension, according to Friel et al. (2001), it is
necessary to have basic math and reading abilities, to know the graph-relevant reading rules
and operators, and to have relevant content knowledge to use the representation to answer
domain-specific questions. While reading graphs is mostly a generic skill that learners are often
able to master, even without domain-specific knowledge, challenges arise when learners need
to connect the graph to domain principles in interpretational tasks (Beichner, 1994; Curcio,
1987; Friel et al., 2001; Lachmayer, 2008; Lai et al., 2016). In most domains, learners are not
only expected to read and interpret graphs, but should also be able to use them, for example, to
illustrate a certain phenomenon. Therefore, more complex competence models include other
graph-related abilities, such as graph construction and graph evaluation (Hattikudur et al., 2012;
Lachmayer, 2008; Lai et al., 2016). Lai et al. (2016), for example, analyzed the ability of middle
school students to interpret, critique and construct different science graphs. The authors showed
that learners have difficulty when they try to link graph features to domain concepts. Overall,
the results point toward the conclusion that although some learning difficulties might arise from
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the graph format, difficulty in understanding graphs is often connected to not understanding the

underlying domain principle and how it is represented in the graph.

To meaningfully measure the ability to work with graphs, the item format is a relevant factor.
Although multiple-choice items normally lead to higher objectivity, researchers have argued
that free response items are necessary to assess certain subcomponents and to adequately
capture this complex ability (Berg & Smith, 1994). For example, when the ability of learners to
identify errors in a graph is tested, the options of multiple-choice items might prompt learners
to discover the mistakes, whereas asking learners to evaluate the graph in an open question
might reveal that they are not able to identify mistakes at all. Consequently, newer instruments
often combine multiple choice with open-ended items, which often gives deeper insight into

the students’ ideas regarding graph tasks (Lai et al., 2016).

Several predictors of graph competence have been identified in various studies. One of the most
prominent predictors is numerical ability, which is measured either specifically with basic
arithmetic operations and number line estimations (e.g., Ludewig et al., 2019) or generally by
using math grades in secondary school (Aberg-Bengtsson & Ottosson, 2006; Ring et al., 2019).
In some studies, language proficiency and spoken language in the family further play a role as
predictors of graph comprehension for secondary students, especially when the focus of the
instruments is on graph reading tasks (Aberg-Bengtsson & Ottosson, 2006; Ring et al., 2019).
Due to the close link between graph competence and domain-specific knowledge, graph
competence test scores usually correlate with domain knowledge test scores, and motivational
constructs in the respective domain, for example in biology (Nitz et al., 2014; Ring et al., 2019).
Regarding gender differences, studies have shown mixed results. Some have reported a gender
gap in favor of male participants (Lowrie & Diezmann, 2011), which is decreased, however,
when controlling for mathematical abilities (Aberg-Bengtsson, 1999). Other studies found no
differences between male and female learners at all (Lai et al., 2016).

Overall, researchers in other domains have shown that, conceptually, a graph competence
model in economic education must encompass different tasks that focus not only on the graph
itself but also test learners’ ability to connect the graph to the underlying principle. To assess
graph understanding, it is important to use different item formats. Important predictors across
domains include domain knowledge and interest, as well as mathematical and language

abilities.



3. Modeling graph competence in economic education

3.1 Conceptual model

Based on previous research regarding the role of graphs and the assessment of economics and
graph competence in different research domains, we developed a conceptual model to measure
graph competence in the economics domain. In the first step, we defined the different
subcomponents of the typical graph tasks that students need to perform in the economics
domain. In the second step, we developed items to fit the different subcomponents. The item
formats vary systematically and include complex multiple-choice items (multiple true/false
statements), traditional multiple-choice items (one right answer and three distractors), and open
response items. The model, as well as the items, was discussed with several experts and
economic educators. The resulting model for graph competence comprises six subcomponents,

which are summarized in Table 1.

Table 1: Overview of subcomponents of graph competence in economic education

Subcomponent  Description Item format

Reading Reading individual components of the graph  Complex multiple choice
without content interpretation, e.g., by (multiple true/false
identifying a certain y-value at a given x- statements for one graph)
value

Interpretation Domain-specific interpreting graph Complex multiple choice
components, e.g., by identifying the reason (multiple true/false
for a shift in the supply curve statements for one graph)

Selection Selecting a graph component for the Multiple choice (chose
representation of a domain-specific the right graph from four
relationship, e.g., by choosing the correct options)

curve to represent a good with a low price
elasticity of demand
[lustration Illustrating how the graph can be used to Free response item
explain a domain principle or an example,
e.g., by explaining how the effect of a
minimum price could be illustrated
Identification of Identifying errors in a given graph, e.g., by Free response item
errors noticing mistakes and explaining how they

could be corrected



Evaluation Evaluating model assumptions, e.g., by Free response item
giving reasons why the graph/model cannot
be used to explain a certain phenomenon

One of the central challenges when measuring graph understanding within a domain is that
graph and content knowledge are conceptually intertwined. Although it is not impossible to
answer graph questions without an understanding of economic theory, it is reasonable to assume
that learners without prior knowledge have difficulties when more complex graph questions are
posed as more complex theoretical knowledge is necessary. Consequently, the instrument
measures both the understanding of graphs and of the underlying theory. Compared to
instruments that focus solely on the understanding of the theory, we investigate the intersection
of graph and content understanding. Some subcomponents (such as reading, interpretation and
selection) focus more on the graph itself, whereas others (such as illustration, identifying errors

and model evaluation) test whether learners understand how the graph is used within a domain.

It is generally possible to develop item sets based on the model for different graphs in economic
education. For this test instrument, we developed one item per subcomponent for three different
graphs: the supply and demand model, break-even analysis, and indifference curves. These
graphs were chosen because they cover a range of relevant topics and are included in college
textbooks in great detail (for microeconomics: Pindyck & Rubinfeld, 2018; for management
and accounting: Drury, 2012). Furthermore, these three graphs represent different forms of
functions (equilibrium, linear function, and convex set of curves) and together might provide a
glimpse at different difficulties that arise when students work with domain-specific graphs in
economics. The first set of items was tested with a small sample of students to ensure
comprehensibility and to develop the first draft of the coding manual for the free response items.
In the following section, we use three item examples to illustrate subcomponents and testing

formats. The final set of items for the supply-and-demand model is listed in Appendix A.

3.2 Example items

To assess learners’ ability to read graphs, students had to identify single data points or
compute/read off the slope of the graph without any content interpretation. For the supply-and-
demand graph, for example, the learners had to check the quantity demanded for strawberries
at a certain price level. For selecting, learners had to choose the curve that represented a domain-
specific relationship. In the supply-and-demand model, learners had to name the curve, which
represented a good that could easily be replaced by other goods. To test learners’ ability to

9



identify mistakes in a given graph, they received a graph that a fictitious student had drawn in
response to a certain prompt and were asked to evaluate it. For supply and demand, the graph
contained two errors: Supply and demand were interchanged, and the x-axis label was missing.
Since we were interested in whether learners noticed the errors at all, we left the instruction

unspecified and did not ask them to identify the mistakes directly.

Figure 1: Translated item example for the subcomponents of reading, selecting and

identifying mistakes (from left to right)

Price Price Price Demand

Supply and Demand for Strawberries b1

/D2
Price new— —

e / / Price old|~ — = —>
2s ' i
] / E— Quantity Quantity
S |

Supply new
Supply old

Price Price
Quantity of strawberries in kg Students were asked to draw a supply and demand graph to show how a

D3 D4 poor harvest affects the market for strawberries (strawberries being a
— _— good). drew

The two lines show supply and demand for the market of

Evall h h.
strawberries. Which of the following statements is/are true? valuate the grapl

[Please decide separately for each statement, several answers can be — —

TRUE or FALSE | TRUE | FALSE Quantity Quantity

At a price of 25 per kg, the quantity of strawberries demanded is

kg x 0 Which of the demand curves describes the demand for & good that can be replaced saslly with |

If the price of strawberries decreases by one euro per kg, the

quantity supplied will decrease by 2kg * | O [Therals only one corract answr.
o1

X 0 D2
quantity supplied. (] gl

Supply and demand intersect at a price of 75 per kg. [m] x x 4

Ata price of 45 per kg, the quantity demanded is lower than the

3.3 Graph item coding procedure

For complex multiple-choice items (multiple true—false statements for one graph), learners
could receive partial credit for each correctly marked statement. For example, if a learner
correctly marked two out of four statements that the item comprised, they received half the
credit. For every free response item, the learners could receive partial credit to the extent that
they were able to perform the task. For example, in the item above, in which learners had to
identify mistakes in the supply-and-demand graph, they received a third of the credit when they
identified only the missing x-axis label, a third of the credit for noticing that the quantity
decreased, although it should increase (without realizing that this was the result of the
interchanged supply and demand), and full credit when they pointed out that supply and demand
were switched. For all open response items, the answers were rated by two expert coders
according to a preliminary coding manual that included an expert solution and anchor examples
for correct and partially correct answers. In the first coding procedure, the coders marked cases
in which they were unable to decide on a final rating. These cases were discussed and thus used
to further develop and finalize the coding manual. All answers were rated again with the final
coding manual (see Appendix B for the coding manual of the items for the supply-and-demand
model). As a measure of interrater reliability, we calculated intraclass correlations (ICC) for

every free response item. In the final coding, an average ICC of 0.81 was reached across all
10



items, which is described as excellent agreement (ICC above 0.75; Cicchetti, 1994). This
indicates that the two coders had a high degree of agreement and suggests that the items were
rated similarly across the coders. All disagreements after the final coding were solved by
discussion among the coders (see Table C1 in Appendix C for auxiliary interrater reliability

characteristics).

4. Sample and methodology

4.1 Sample

The test instrument was administered as an online assessment from October 2021 to February
2022 to 579 students at various higher education institutions in southwestern Germany. As this
was during the covid pandemic, it was not possible to embed the test in in-person lectures. To
ensure that the sample contained students with and without previous knowledge of economics,
students in all disciplines were contacted via e-mail and asked to participate in the study. As no
specific sampling procedures were used and participation was voluntary, the sample is a
convenience sample and is not representative of higher education students in Germany in

general.

Table 2 shows the sample characteristics across individual variables. Before the students filled
out the graph test, they answered questions regarding basic information, such as gender and
age. We also assessed previous economic education in school and their primary fields of study.
Self-disclosed math and German grades at the end of secondary education were used as a proxy
for general quantitative and language-related skills, respectively. At the end of the test, interest
in economics was assessed with four items (e.g., “I like reading about economic topics” adapted
from Wilde et al., 2009).

Table 2: Sample characteristics

Variable N Mean SD Min Max
Age (years) 574 23.483 5.361 15 69
Female (1/0) 555 69.2 %

Math grade (0-15) 569 10.155 3.536 0 15
German grade (0-15) 570 10.628 2.681 0 15
Economics at school (1/0) 574 37.5%

Semester 568 6.801 4.84 0 28
Teacher training (1/0) 573 21.3%

Economics at university

(2/0) 579 21.8 %

Interest in economics 379 3,186 1,365 1 6

11



Notes: Descriptive statistics are shown for various individual variables. German and math grades are scaled from 0 (worst)
to 15 (best). Interest in economics is an equally weighted summary score based on four items (Wilde et al., 2009). The items
regarding interest were at the end of the questionnaire; the lower number of learners can be explained by dropouts.

To reduce the overall testing time, the learners answered items regarding only two of the
three graphs, which were randomly selected. The questions for one graph were ordered
according to the subcomponents described in Table 1. Consequently, every participant was
given 12 out of 18 items in a random block-wise order (one participant, for example, first
received the items concerning the indifference curve, items 13-18 in Table 3, and then
received the items for the supply-and-demand model, items 1-6 in Table 3). Across all
participants, the median test taking time for the complete test is 28 minutes, for one block,
such as the six items concerning the supply and demand graph, the median is 12 minutes (for
cost functions around 11.5 and for indifference curves around 10 minutes). All material and
procedures used in the study were reviewed and accepted by the institutional review board of
the institution of the first author. All participants were informed about the study and declared

their consent for data usage.

4.2 Item response theory

Educational large-scale assessments around the globe (e.g., PISA, TIMSS, and NAEP) have
incorporated the use of IRT models to overcome several shortcomings of classical test theory
(CTT,; see Baker, 2002; Hambleton & Swaminathan, 2013). CTT relies on observed scores (i.e.,
the sum of correctly solved items); IRT models assume a logistic relationship between the
underlying trait (e.g., graph competence) and the probability of endorsing an item. Aside from
the widespread use for score-reporting purposes, IRT models allow researchers to investigate
several important item characteristics (for applications in the economics domain, see Knoll &
Houts, 2012; Ranyard et al., 2020; Walstad & Rebeck, 2017; Walstad & Robson, 1997).

One key requirement for the use of IRT models is that the underlying construct is
unidimensional (i.e., our instrument measures only one type of ability). A common method for
assessing the dimensional structure is principal component analysis (PCA). In this study, the
PCA results produced an eigenvalue of 4.2 for the first component, which accounted for 22.4
percent of the total variance. The second component showed an eigenvalue of only 1.8, with no
significant drop in all remaining components. Thus, the first component appears to be dominant,

reflecting the unidimensionalty of the scale.

To account for the polytomous response format in the item set, we used a partial credit model
(PCM; Masters, 1982). Due to the ordered response format (i.e., obtaining two points is more

difficult than obtaining zero or one point), item responses reflect the degree of correctness in
12



the answer to an item rather than simply being classified as correct or incorrect. The relationship
between the probability of obtaining a higher category in the ordinal response format and the
underlying latent ability is formally expressed as

X.
exp (X, L ,(6y=bip)

X; X; )
hl=0 exp (Ehlzo(ev_bihh)

P(X; 16y, bin) = > (1)

where 6,, denotes the ability of person v and b;;, the step difficulty representing the difficulty of
obtaining h points over (h—1) points.

The logistic relationship between the probability of achieving the higher adjacent category and
the underlying latent trait can be graphically illustrated with operational characteristic curves
(OCCs), with the curves for item 8 shown in Figure 1. The threshold parameter (or step
difficulty) b reflects the point on the logit scale where P(X; = h|6,) = 0.5 applies, that is, the
point on the ability scale where a person v has a greater probability of scoring the item than
indicated by chance. For example, item 1 has five response categories; that is, respondents can
achieve scores from 0 to 4 following an ordinal structure. Therefore, we expect the threshold
parameter (or step difficulty) to be larger for obtaining four points than the parameter for
obtaining three points or the next lower adjacent category. Figure 2 illustrates that the response

categories for item 1 functioned as expected.

Figure 2: Operational characteristic curves (OCC) for item 1
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5. Results

5.1 Item analysis

We investigate item characteristics based on indicators from CTT and the PCM specified in
equation (1); the results are shown in Table 3. The corrected item-total correlation (ri) is a
widely used statistic in item analysis and measures the (point-biserial) correlation between the
item response and the total score on all remaining items. Therefore, the measure reflects the
discriminatory power of an item. Higher correlation coefficients suggest that the item
discriminates between low- and high-ability learners. The results show that most items had
sufficient item-total correlations, with values above the normative threshold of 0.2 (Walstad &
Rebeck, 2017). Item 3 appears to be a weaker discriminator, and items 4 and 15 appear to have

no discriminatory power.

The IRT model results, in particular the estimated difficulty parameters b;, indicate that the item
set captures a broad range of ability levels, with item 9 the easiest and item 17 the hardest item
to solve. We also investigated fit statistics using weighted mean square residuals (Infit) and
unweighted fit statistics (Outfit; Wright & Panchapakesan, 1969). Values close to 1 indicate a
perfect model fit. The results show that the fit measures are within conventional thresholds
ranging from 0.5 to 1.5 (Ames & Penfield, 2015), indicating that the observed responses closely
match the responses predicted by the model.

Table 3: Item characteristics

CTT IRT

':f;m N M Fit b1 [SE] bz [SE] bs [SE] bs[SE]  Outfit Infit
1 386 1974 0.499 [31943; [gfgg] [8:53‘1‘] [é:‘z‘g;] 1112 1.084
2 386 2.412 0.561 [317:15] [‘8;‘581] ['8'23:'97] [8:‘2‘%] 1.056  1.017
3 304 0.405  0.143 [£f253] 1.093  1.072
4 238 0.261  0.057 [(1):‘1“5%] [61_'72374] 1.296  1.102
5 243 0.761  0.327 [8%3] [ézggi] [S:Z??‘] 1.061  1.041
6 210 0524  0.469 [(;).ffs] [gégg] 0.886  0.899
7 387 2.773 0.531 [817:71] [8275(% [gggf] ['gggg] 1.002  1.034
8 387 2.09 0.642 [817“1256] [gfggl] [8:(2’22‘] [(1);(7’2] 0.835  0.863
9 295 0.834  0.269 [%)i%? 0.886  0.946
10 246 0.756  0.288 [8?58% 0915  0.949
11 260 1.535 0.347 [523165’] [692'%)57] 0.893  0.946
12 242 1.079  0.328 [512895] [(1):2%] 0.963  0.962
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13 387 2.835 0.529 ['g'f?g] [-8545:] [692'221 [gzggg] 0.993  1.052
14 387 2.147 0.574 ['g'fjg’] [gfg’gs] [82%%2] [8;32] 0.985  0.993
15 309 011 0043 [(Ziigg] 1200 105
16 223 0466  0.247 [8:%] [g:ggg] 108 1046
17 226 0788 0.392 [811‘?77] [20'?2157] [i:gg;] 0929 0936
18 231 0.81 0.236 [855625] [gzgg] 1.01 1.01

Notes: The lower number of learners for the items compared to the overall sample size is a consequence of the test design,

which is explained in Section 4.1.

5.2 Item subgroup difficulty

To better understand what drives the difficulty of the different graph tasks, we grouped all items

according to the subcomponent of the competence (e.g., reading), as well as the graph content,

and compared the difficulty estimated from the IRT model. As the test consists of one item per

subcomponent per graph, we display the range of difficulty of three items per subcomponent

(Figure 3, panel A) and the range of difficulty of six items per graph (Figure 3, panel B). The

figure shows that, on average, multiple-choice items that require reading and interpretation are

easier than free response items, which involve more complex operations, such as using the

graph to illustrate an example or to identify errors. Furthermore, items involving the cost

function are less difficult than items involving the supply-and-demand model or indifference

curves.

Figure 3: Distribution of difficulty per subcomponent (panel A) and per graph (panel B)
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Evidence of the construct validity of the instrument stems from correlations with adjacent

constructs. For that purpose, we estimate individual graph competence scores using the IRT

model specified in equation (1). As estimated ability scores are generally subject to
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measurement errors, we implement a multiple imputation approach to correct for the error term
based on a latent regression model (plausible values; Marsman et al., 2016). Specifically, we
estimate 20 different plausible values and aggregate them iteratively in the subsequent

correlation analysis.

To analyze the convergent validity of the newly developed measure, different scales for well-
established predictors of economics and graph competence were included in the questionnaire.
For content-oriented knowledge in the economics domain, a short scale of the Test of Economic
Literacy (Walstad et al., 2001) was used in the version translated and validated for the German
context by Happ et al. (2018).1 As with the graph competence scores, we rely on 20 plausible
values extracted from a unidimensional one-parameter IRT model for dichotomous response
formats (Rasch, 1960). In addition, number line estimation items, in which the learners were
asked to estimate a given number on a number line, serve as a proxy for understanding
numerical quantities and their measurement. The difference between the correct position and
the estimated position was expressed in terms of the percentage of the number line length; the
percentage of absolute error (PAE) was used as a variable. As the measure indicates the
deviation of the estimate from the correct position, higher PAE values indicate lower ability.
The correlation analysis results (Figure 4, panel A) reveal that the scores on the TEL are
significantly associated with graph competence scores (r = 0.297; p < 0.01), indicating that the
items measuring graph competence capture the domain-specific dimension. Furthermore, the
negative correlation between the graph competence scores and the PAE in panel B indicates
that the instrument captures differences in the generic understanding of numerical quantities.
Finally, interest in economics may serve as a prerequisite for acquiring domain-specific
competences. Panel C in Figure 4 shows that interest in economics is positively associated with

graph competence scores (r = 0.34; p < 0.01; panel C).

Figure 4: Correlations with adjacent constructs

1 We thank the university of Mainz and namely Prof. Dr. Zlatkin-Troitschanskaia and Prof. Dr. Roland Happ for
the opportunity to use items from the German Version of the TEL — the “WiwiKom-Test”.
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5.4 Differential item functioning (DIF)

Analyzing differential item functioning (DIF) provides additional evidence of the construct
validity and test fairness of the instrument (Holland & Wainer, 2012). An item is flagged as
DIF if subgroups with the same latent ability show different probabilities of solving an item
correctly or reaching the next category when the item is polytomously scored. Logistic
regression is one of the most popular frameworks for detecting DIF because of its capability of
identifying uniform and nonuniform DIF (Swaminathan & Rogers, 1990). When uniform DIF
occurs, the probability of endorsing an item (or reaching the next category) is constantly higher
for one subgroup, whereas nonuniform DIF indicates that the difference in probability may vary
along the latent trait continuum.

To detect DIF in polytomously scored items, we use the ordinal logistic regression approach
described by Zumbo (1999). We regress latent trait estimates 8, the group membership (e.g.,
being female), and the interaction between these two components on the log odds of reaching
the higher category (y), formally expressedasy = S, + (.16 + B,Group + [3(6 X Group) +
€. To categorize the severity of DIF, we follow the scheme provided by Zumbo and Thomas
(1997), in which items are flagged as negligible nonuniform DIF (category A) if the difference
in the pseudo-R? between the aforementioned regression model and the reduced model without
an interaction term is less than 0.13 (AR? < 0.13). The results for gender, being enrolled in
teacher training, and whether learners had received economic education in school are reported
in Table C2 in Appendix C. Overall, all items exhibit pseudo-R? below 0.13 across all three
demographic criteria, indicating no or only negligible uniform and nonuniform DIF.

5.4 Criterion validity

In this section, we investigate the correlations between test scores and individual variables,
which serve as suggestive evidence of the instrument’s criterion validity. Specifically, we

estimate the linear regression model (OLS) y, = B + X B;X; + &, , where y denotes the IRT
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score from 20 multiple imputations (plausible values), and X; is a covariate vector with the

variables listed in Table 2. , represents the idiosyncratic error term. The data reveal that the
test scores were positively associated with the learners” math proficiency. A one-unit increase
in a math grade is associated with an increase in the test score by 0.04 standard deviation units.
In contrast, learners’ German grades do not correlate with test scores, which serves as
suggestive evidence for the discriminant validity of the scale. The instrument was created to
measure graph competence in the economics domain. Therefore, we expected that learners with
previous economic education would achieve higher test scores relative to learners with no
economic education. As shown in Figure 5, the results support this expectation. Learners who
had economic education in secondary school (Econ school) or university (Econ university)
scored significantly higher by a magnitude of 0.17 and 0.26 standard deviation units,
respectively. This indicates that the domain-specific part of the underlying construct was
captured with the test instrument. Regarding gender, we observe mean differences in favor of
male students in the expected direction (Cohn et al., 2004; Marire, 2017; Ramos Salazar &
Hayward, 2022). Collectively, the analyses show correlations that mirror the estimates

documented in previous work.

Figure 5: Regression estimates (OLS)
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Notes: Coefficients from the regression model (OLS) with 95% Cls (dark gray) and 90% Cls (light gray) at an estimated intercept of 0.768.
The dependent variable graph competence is imputed and pooled from latent regression (plausible values). Non-categorial variables are mean
centered. The number of observations is N = 548.

18



6. Discussion

In this study, we analyzed the properties of a test instrument for assessing graph competence in
economic education. The instrument was based on a new conceptual model that included six
subcomponents: reading, interpreting, selecting, illustrating, finding errors, and evaluating the
model. For each subcomponent, one item was developed for typical economics graphs: the
supply-and-demand model, cost function, and indifference curves. Analyzing data from 579
tertiary students in different disciplines with IRT, we showed that the test instrument is suitable
for measuring the underlying ability of graph competence and that the items capture a broad
range of ability levels.

In line with previous studies in economic education (Cohn & Cohn, 1994; Cohn et al., 2001,
2004; Kourilsky & Wittrock, 1987; Marire, 2017; Wheat, 2007), the present study results
confirm that graphs are not intuitively understood by learners. In particular, this study showed
that more elaborate graph tasks are difficult to master. In other words, although learners might
be able to read and interpret surface features, free response tasks that require a deeper
understanding of the graph as a tool in the domain are more challenging. Furthermore, questions
regarding the cost function are easier compared to the supply-and-demand model and
indifference curves, which partly replicates Marire’s (2017) findings. A possible explanation
might be that linear functions are more familiar to the diverse set of learners in this sample than

more domain-specific equilibrium models and convex functions.

One noteworthy result of this study is the gender gap in favor of male learners. Although we
cannot explain the differences, this result is interesting because it highlights the persistence of
performance differences between male and female learners in economics knowledge,
specifically for graphs in economic education (Cohn et al., 2004; Marire, 2017; Ramos Salazar
& Hayward, 2022). As gender differences are not always visible in studies that analyze graph
skills in other domains (Lai et al., 2016), it remains an open question whether the lower
performance of female learners on graph tasks is due to the graph domain rather than the graph
format. Following Cohn et al. (2004), a potential approach could be to analyze gender
differences in attitudes regarding graphs and their helpfulness in learning economics. In
particular, because graphs are widely used in introductory classes, more research on the

challenges with graphs (for certain subgroups) is warranted.

With this study, we also replicated previous findings regarding the relationship between math
skills and graph competence (Hill & Stegner, 2003; Schuhmann et al., 2005), although

mathematics does not seem to be the strongest predictor in this study. A likely explanation is
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the use of self-disclosed mathematics grades at the end of secondary school as an indicator of
students’ math skills, which is a very general measure and (specifically for advanced students)
might not be a good estimation of students’ current math skills. To better understand the
relationship between domain-specific graph competence and math abilities, future research
could further investigate this relationship by using more specific measures for domain-relevant
math skills (e.g., Orlov et al., 2021).

Since the economic graph test was meant to measure the abilities at the intersection of graph
and theoretical understanding, we assumed this conceptual link to be visible in our study. As
expected, graph competence is positively associated with economics knowledge, interest in
economics, and previous economics learning opportunities. The low correlation coefficient
suggests that although economic literacy and graph competence are connected, they are not
identical skills. Of course, we cannot draw causal conclusions from the relationships, and it
remains unclear whether graph competence is the result (or a prerequisite) of economics
competence, interest, and education. To better understand the impact of different learning
opportunities, future research could use the test instrument in a longitudinal study to investigate

the competence development of students who receive economic education.

On a methodical level, these results support the argument originally made by Berg and Smith
(1994): Free response items might be necessary to adequately test graph competence in the
economics domain. One methodical challenge in that regard is the joint nature of task
complexity and item format. Future research could partly disentangle this problem by using
only free response items to compare subcomponent difficulty. Using only multiple-choice items
would produce higher objectivity but might lead to lower validity, as they test whether learners
can choose the correct but available solution rather than using the graph to develop a solution

on their own.

The findings of this research provide practical insights for instructors regarding the role of
graphs in teaching and learning economics. Our work suggests that teachers should not assume
that economic graphs are intuitively understood by learners. This is highly relevant because
graphs are often used by instructors as a means of promoting understanding of an underlying
economic concept (such as price formation for the supply and demand model) without
necessarily devoting much time to an explanation of its usage. Specifically, instructors should
be aware that although general graph reading rules (such as reading single points) do not seem
to be a large issue, understanding the relationship between graph(feature) and domain concept
is difficult for students, more so for learners without prior economic education. Our work — and
20



the larger literature body of graph research — indicate that spending class time to explicitly
discuss not only graph reading rules but also how the graph is used in the specific context might
help students to better grasp economic concepts in the future. Although the provided instrument
might be too complex to be integrated regularly into teaching as a diagnostic tool, the
instrument, as well as the conceptual model, can guide instructors in developing graph-specific

tests to better understand their students’ challenges.

To evaluate the implications and generalizability of the results, it is necessary to discuss the
circumstances regarding the sample and the test administration. The test was used with a
convenience sample of tertiary students in southwestern Germany in a low-stakes online setting.
Since more women than men took part in the test and the participation was completely
voluntary, we cannot rule out that the differences between male and female students might be
a result of a third variable which influences the decision to partake in the test. Furthermore, as
the online setting allows little control of learners’ test-taking behavior, it might also be
worthwhile to administer the test in a more controlled context (e.g., a pen-and-paper test in a
lecture hall) to obtain a more precise estimate of students’ abilities. Since we were interested in
the relationship between economic learning opportunities and graph competence, our sample
consisted of students with and without a background in economics. Although this gives a broad
estimate of the ability that learners might have developed as a result of their school education,
further refining the instrument to investigate economics students’ understanding will provide

more specific guidance on how to address challenges that arise from the graph format.

The implications of this study are further limited by the selection of certain economics graphs
and the limited number of items for certain subcomponents. In that regard, the difference
between the item difficulties between subcomponents and graph content should be interpreted
with caution. Future studies could use the underlying conceptual model as a blueprint to develop
more items for specific subcomponents or use the model with other graphs in the economics
domain. In the conceptual model and consequently, in the test instrument, we focused on tasks
in which learners had to work with existing graphs rather than construct graphs themselves.
From our point of view, investigating students’ graph construction abilities could be an
interesting avenue for future research to advance the understanding of the challenges that

students face in learning economics.

Taken together, the results replicate previous results in graph and economic education research

(Cohn & Cohn, 1994; Cohn et al., 2001, 2004; Kourilsky & Wittrock, 1987; Marire, 2017;

Wheat, 2007) and provide evidence for the validity of the presented test instrument. Overall,
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we contribute a conceptual model that defines different subcomponents of graphing ability in
economics and provides a solid instrument that can be used in future research to measure and
analyze graph competence in economic education. We identified several predictors and showed
the importance of investigating graph competence in greater detail. In addition, the empirical
findings in this study provide new insights into the specific challenges that learners face with
different domain graphs and, therefore, contribute to our understanding of teaching and learning
economics.
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Appendix A: Items

Graph Competence in Economic Education Item set

(Translated from the original German)

Item Info

Short: DP0O1

Graph: Supply and Demand
Subcomponent: Reading
Answer options randomized: yes

Supply and Demand for Strawberries

Supply

Price per kilogram in $
w

3 5 7 9 11

Quantity of strawberries in kg

The two lines show supply and demand for the market of strawberries. Which
of the following statements is/are true?

[Please decide separately for each statement, several answers can be TRUE or FALSE.] TRUE FALSE

At a price of 2$ per kg, the quantity of strawberries demanded is 9kg. [] []

If the price of strawberries decreases by one euro per kg, the quantity supplied
will decrease by 2kg.

At a price of 4S per kg, the quantity demanded is lower than the quantity
supplied.

Supply and demand intersect at a price of 7S per kg.

|
O O | O
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Item Info

Short: DP02

Graph: Supply and Demand
Subcomponent: Interpretation
Answer options randomized: yes

Price

DO
D1

\4

Quantity

The two straight lines S and DO show the initial supply and demand of a new
smartphone. Which of the following events could lead to the shift of the
demand curve from DO to D1?

[Please decide separately for each statement, several answers can be TRUE or FALSE.]

TRUE

FALSE

The smartphone producer announces technical problems of the smartphone in
a press conference.

Cargo ships are unable to deliver important inputs for producing the
smartphone.

The manufacturer uses more efficient production strategies.

The company has completed a successful advertising campaign for the
smartphone.

I

OO O
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Item Info

Short: DP03

Graph: Supply and Demand
Subcomponent: Graph Selection
Answer options randomized: no

i Price
Price D1
D2
Quantity Quantity
Price Price
D3 D4

// \

Quantity Quantity

Which of the demand curves describes the demand for a good that can be replaced easily with
other goods?

[There is only one correct answer.]

D1

D2

D3

LOas

D4
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Item Info

Short: DP04

Graph: Supply and Demand
Subcomponent: lllustration

Explain how the supply and demand graph can be used to outline the effect of a binding
minimum price (a price above the market clearing price) on the quantity supplied and
demanded.

[For precise coding and anchor examples -> see coding manual]
[1 point for minimum price as a horizontal line in the graph]

[1 point for supply surplus as consequence]
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Item Info

Short: DPO5

Graph: Supply and Demand
Subcomponent: Identifying mistakes

Demand

Price

Price new|— — = /ﬂ-

Price old|— — - —

Supply new
‘ . Supply old

Students were asked to draw a supply and demand graph to show how a poor harvest affects
the market for strawberries (strawberries being a normal good). One student drew the graph
shown.

Evaluate the graph.

[For precise coding and anchor examples -> see coding manual]

[2 points for noticing that demand and supply are reversed]
[1 point for noticing the wrong slope for only supply or only demand]

[1 point for noticing the missing x-axis-label]
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Item Info

Short: DP06

Graph: Supply and Demand
Subcomponent: Model evaluation

Using the supply and demand model of the labor market, it can be shown that a minimum wage
above the market clearing wage leads to a decline in the quantity of labor demanded (and thus
to unemployment). In reality, we rarely see this happening. Provide two short possible
explanations for this contradiction.

[For precise coding and anchor examples -> see coding manual]

[1 point per possible explanation, up to a maximum of 2 points e.g.,
- requirements of the model are not met on the labor market
- influencing factors are excluded from the model
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Appendix B: coding manual

Graph competence: coding manual for free response items
Supplemental material to “Measuring Graph Competence in Economic Education”

Iltem short DP0O4

Operator lllustration

Graph Supply and demand

Item Explain how the supply and demand graph can be used to outline the effect of a
binding minimum price (a price above the market clearing price) on the quantity
supplied and demanded.

Solution Graphically, the minimum price corresponds to a horizontal line (parallel to the
x-axis) and intersects the y-axis at the level of the government-set price.
Assuming that the minimum price is binding and thus higher than the market
clearing price, the straight line intersects supply and demand above the market
clearing price. Accordingly, the quantity demanded at this new price is lower,
but the quantity supplied is higher, resulting in a supply surplus.

Number of 2

variables

Explanation of | DP04_01: Checks whether the test taker explains that the minimum price can

variables be represented as a straight line.
DP04_02: Checks whether the test taker explains the effect of the minimum
price.
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Codes for DP04_01, DP04_02

Variable | Codes | Explanation Examples (translated from the
German Version)
DPO4 01 |1 The test taker explains that the “Minimum price is entered as a
minimum price can be represented as | horizontal straight line at the level of
a horizontal line in the graph the corresponding price."
[Even if a wrong explanation of the “By a horizontal line at the point on
effect follows afterwards] the Y axis (price)."
“the price does not fall below a
certain level (minimum price) but
reaches a horizontal line there,
independent of supply and demand”
0 The test taker does not explain (or ,| do not know.”
incorrectly explains) that the
minimum price can be represented as | ,,Demand decreases”
a horizontal line in the graph.
-99 No answer is given
DP04 02 |1 The test taker explains the effect ofa | ,, A minimum price results in a
minimum price (supply higher than supply surplus.”
demand, supply gain and demand-
loss, supply surplus) ,above market price -> supply
surplus”
(“supply is higher” is not sufficient,
supply and demand ratio needs to be
addressed)
0 The test taker does not explain the , Demand decreases “
effect of minimum price sufficiently
(only related to demand or only
related to supply) or explains the
effect incorrectly.
-99 No answer is given
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Item short

DPO5

Operator Finding errors
Graph Supply and demand
Item Students were asked to draw a supply and demand graph to show how a poor

harvest affects the market for strawberries (strawberries being a normal good).

One student drew the graph shown.

Evaluate the graph.

Price Demand
Price new]— — — /1
Price old|~ — - —;
Supply new
‘ . Supply old

Solution There are two different errors in the graph shown:

e The label of the x-axis (quantity) is missing.

e Supply and demand are interchanged; accordingly, the supply curve
should have a positive and the demand curve a negative slope. In other
words, the supply should decrease (according to the sketch it increases)
and the price should increase (this is correct in the sketch, but only
because the supply and demand curve are swapped).

[The curved lines are considered as "sketch properties" not as errors].
Number of 3
variables

Explanation of
variables

DPO5_01: Checks whether the test taker identifies the missing x-axis label as a
mistake (and corrects it).

DPO5_02: Checks whether the test taker identifies the wrong slope of the
supply curve OR identifies the increase of the supply as a mistake (and corrects
it).

DP05_03: Checks whether the test taker identifies the wrong slope of the
demand curve as a mistake (and corrects it).

Note: Answers where it is clear that the test taker recognized that the curves are interchanged
correctly argue both from a supply and demand perspective and accordingly receive a "2" in
DP05_02 and DP05_03.
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Codes for DPO5_01, DP05_02, DP0O5_03

Variable | Codes | Explanation Examples (translated from the
German Version)
DPO5 01 |2 The test taker identifies the missing "Quantity is missing as the label of
x-axis label as a mistake and corrects | the x-axis".
it.

1 The test taker identifies the missing "x-axis is not labeled."
x-axis label as a mistake.

0 The test taker does not identify the "Since supply is decreasing rather
missing x-axis label as a mistake. than increasing, the supply curve

must shift to the left"

-99 No answer is given

DP0O5 02 |2 The test taker identifies that the “Here, the supply and demand
curves are interchanged OR that the curves have been swapped.”
supply curve has the wrong slope and | “Supply must be drawn linearly
gives the correct slope. increasing and demand linearly

decreasing. “

1 The test taker identifies that the "The statement was misrepresented
supply curve has the wrong slope in the graph because a poor harvest
without giving a correction. means the supply of strawberries

decreases, it does not increase as
OR indicated in the graph."
The test taker identifies that the
supply shift is a mistake but gives no
correction (or argues that the supply
should be shifted in the other
direction)

0 The test taker does not identify a "The graph clearly shows that

mistake regarding supply. demand remains constant, whereas
the price of the supply line
increases, which eventually
increases the equilibrium price. This
is optimal. [...]”

-99 No answer is given

DP0O5 03 |2 The test taker identifies that the "You would think that demand
curves are interchanged OR that the would go down at a higher price, but
demand curve has the wrong slope in this chart, demand is greater at a
and gives the correct slope. higher price."

1 The test taker identifies [no example in the data]
that the increase in demand is a
mistake but gives no correction (or
argues that demand should be shifted
in the other direction)

0 The test taker does not identify a "The statement was misrepresented

mistake regarding demand.

in the graph because a poor harvest
means the supply of strawberries is
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decreasing, not increasing as
indicated in the chart."

No answer is given
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Iltem short DP0O6

Operator Evaluation

Graph Supply and demand

Item Using the supply and demand model of the labor market, it can be shown that a
minimum wage above the market clearing wage leads to a decline in the
guantity of labor demanded (and thus to unemployment). In reality, we rarely
see this happening. Provide two short possible explanations for this
contradiction.

Solution Correct approaches
- The resulting costs are covered differently/labor demand cannot be adjusted
by companies at will: companies reallocate necessary costs, e.g., by increasing
prices, reducing their profits, or reducing labor hours (without losing
productivity)
- Influencing factors are excluded from the model: wages are not the only
determinant of labor demand; other factors include societal pressures to
maintain jobs
- The labor market differs from the goods market/assumptions of the model
(e.g., perfect competition) are not given
- Minimum wage affects aggregate demand: an increase in purchasing power
due to minimum wage increases demand which offsets the effect
Wrong approaches:
- Individuals/workers are more likely to work/want to work if they are paid
better, migration of workers to other sectors, work-life balance [this is right, but
the reasoning refers to the household side, and in the model, the household
side is not the limiting factor]
- Arguments related to the fact that the minimum wage can be circumvented
[not relevant].
- In certain areas, there is no qualified personnel, therefore, demand is
unabatedly high [then the minimum wage would not be binding]
- General model criticism: model and reality do not match [it must be explained
why this is not the case]

Number of 1

variables

Explanation of
variables

DP06_01: Checks how many correct explanations the test taker gives. (Up to a
maximum of two)
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Codes for DP06_01

Variable | Codes | Explanation Examples (translated from the
German Version)
DP06_01 |2 Two correct explanations, which refer | "Explanation 1:
to different basic arguments (see Despite the increased minimum
note at the bottom) wage, workers are needed. Instead
of laying off employees, a company
will balance the ratio via an
increased price.
Explanation 2:
Due to a higher minimum wage, the
demand for goods is higher because
the purchasing power is stronger.
This benefits businesses."

1 One correct explanation "When more wages are paid, more
OR can be consumed on the part of the
one correct and one incorrect worker/employee, which can
explanation increase demand and bring more
OR profit to companies."

Two explanations which refer to the
same basic argument (see note at the
bottom)

0 No correct explanation "On the one hand, more
unemployed people may have
decided to accept a job that they
had previously rejected
(motivation).”

-99 No answer is given

Note: Answers that refer to the same basic argument are generally counted as one explanation.

Example:

1. the minimum wage is higher than the previous wage for some jobs, but companies or employers
can afford this difference without any problems in most cases.

2. companies or employers cut working hours and make part-time workers more attractive in
order not to have to pay more in the end but demand higher productivity.

Counts as one explanation, because in both cases, companies find other sources to settle the
additional cost
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Appendix C: Auxiliary results

Table C1: Interrater reliability for all open-response items

Graph Subcomponent  Short Maximum Kappa Agreement ICC
credit in %

Supply & Demand  Illustration DP04 2 0,66 85,65 0,78
Supply & Demand  Finding errors  DP05 3 0,62 75,31 0,95
Supply & Demand  Evaluation DP06 2 0,46 68,93 0,77
Cost Function [ustration DK04 1 0,83 939 0,91
Cost Function Finding errors DKO05 2 0,91 93,08 0,99
Cost Function Evaluation DK0O6 2 0,39 657 0,67
Indifference curve  Illustration DI04 2 0,48 76,23 0,7

Indifference curve  Finding errors  DI05 3 0,77 84,96 0,82
Indifference curve  Evaluation D106 2 0,42 69,26 0,7

Notes: This table reports different measures of interrater reliability of two raters for all open response items used in the

instrument.
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Table C2: Differential Item Functioning

Gender Teacher training Economics in school
Non- Non- Non-
Uniform uniform Uniform uniform Uniform uniform
Itemno. R? [Cat] R? [Cat] R? [Cat] R? [Cat] R? [Cat] R? [Cat]
1 0 [A] 0 [A] 0.001 [A] 0.001 [A] 0.001 [A] 0.001 [A]
2 0 [A] 0.01 [A] 0 [A] 0 [A] 0 [A] 0 [A]
3 0.003 [A] 0.02 [A] 0.005 [A] 0.006 [A] 0.005 [A] 0.006 [A]
4 0 [A] 0.001 [A] 0.019 [A] 0.005 [A] - -
5 0.001[A]  0.002[A] 0 [A] 0 [A] 0 [A] 0 [A]
6 0.001[A]  0.001[A] 0.002 [A] 0.015 [A] 0.002 [A] 0.015 [A]
7 0.01 [A] 0.003 [A] 0 [A] 0 [A] 0 [A] 0 [A]
8 0.003 [A] 0 [A] 0 [A] 0 [A] 0 [A] 0 [A]
9 0 [A] 0.012 [A] 0.001 [A] 0.005 [A] 0.001 [A] 0.005 [A]
10 0 [A] 0.016 [A] 0.007 [A] 0.006 [A] 0.007 [A] 0.006 [A]
11 0.003 [A] 0.001 [A] 0.003 [A] 0.005 [A] 0.003 [A] 0.005 [A]
12 0.012[A]  0.002 [A] 0.001 [A] 0[A] 0.001 [A] 0[A]
13 0[A] 0.002 [A] 0 [A] 0[A] 0 [A] 0[A]
14 0[A] 0[A] 0.001 [A] 0.001 [A] 0.001 [A] 0.001 [A]
15 0.004 [A] 0[A] 0.002 [A] 0.02 [A] 0.002 [A] 0.02 [A]
16 0.012 [A] 0.001 [A] 0 [A] 0.001 [A] 0 [A] 0.001 [A]
17 0.001 [A] 0.008 [A] 0.015 [A] 0[A] 0.015 [A] 0[A]
18 0.012 [A] 0.001 [A] 0.001 [A] 0.001 [A] 0.001 [A] 0.001 [A]

Notes: This table reports results (Pseudo R?) for uniform and nonuniform Differential Item Functioning based on the ordinal
logistic regression approach described in Zumbo (1999)and integrated into the stasticial software envorinment R by Choi et
al. (2011). Classification of DIF effects is based on the method proposed by Zumbo and Thomas (1997), where R? < 0.13
indicate negligible DIF (category A). Items with 0.13 < AR? < 0.26 are classified as moderate DIF (category B) and items
with AR? > 0.26 are flagged as severe DIF (category C). Focal group for Gender is female, for the variable teacher training
respondents who are enrolled in a teacher training program, and for variable “Economics in school” respondents who
received economic education in school. Due to missing observations, no DIF effects in item 4 are estimated for variable
“Economics in school”.
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Table C3: Bivariate correlations

Variable 1) ) ®) (4) ©) (6) @) ®) 9) (10)
(1) Graph competence

(2) Economic knowledge 0.30***

(3) Economic interest 0.34*** 0.28***

4) Age (years) -0.01 0.05 -0.08

(4) Age (y

(5) Female (1/0) -0.14%** -0.18*** -0.29*** -0.05

(6) Math grade 0.24*** 0.19*** 0.01 -0.19*** -0.02

(7) German grade 0.07 0.13** -0.12* -0.15*** 0.11** 0.35%**

(8) Econ school (1/0) 0.13** 0.03 0.26*** 0.04 0.01 -0.02 -0.09*

(9) Semester 0.14*** 0.13** -0.10 0.59*** -0.03 -0.04 -0.08* 0.03

(10) Teacher training (1/0) -0.07 -0.03 0.08 0.01 0.04 -0.08 -0.08 0.14*** -0.01

(11) Econ university (1/0) 0.17*** 0.10* 0.56%** -0.06 -0.07 0.01 -0.09* 0.27*** -0.05 0.27***

Notes: This table reports bivariate correlations (Pearson’s r) between all variables listed in Table 1. Graph and economic competence scores are based on the IRT model described in chapter 3. Scores

on economic interest are extracted from a Principal Component Analysis (PCA).
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