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Abstract: This study examines how economic reasoning is structurally embedded in two
high-stakes mathematics examination systems: the SAT and a national certification examination.
Although economic contexts frequently appear in standardized mathematics assessments, limited
research has comparatively analyzed how such tasks differ in structural modeling depth and
optimization orientation. Drawing on research in mathematical reasoning and cognitive demand,
this study introduces the Economic Reasoning Assessment Framework (ERAF) to classify
economic-context items according to four levels of structural complexity.

A qualitative document analysis was conducted on 20 examination items (12 SAT, 8
national certification). The results indicate a clear structural contrast. In the SAT dataset, 75% of
items were concentrated in Levels 1 and 2, emphasizing applied proportional reasoning and
constraint-based modeling, while only 8% reached Level 4 optimization structures. In contrast,
50% of national certification items were classified as Level 4, reflecting explicit profit
maximization and formal analytical reasoning.

These findings suggest that although both systems incorporate economic contexts, they
differ in the depth and structural orientation of economic reasoning they operationalize. The
ERAF framework provides a structured lens for comparative analysis of task design in
standardized mathematics assessments.

Keywords: Economic reasoning; Cognitive demand; Mathematical modeling; Standardized
assessment; Optimization; Task structure

AHHOTAIUS: [lanHoe MccneioBaHUE pacCMaTpPUBAET, KAKUM 00pa3oM SKOHOMHUYECKOE
MBILUIEHUE CTPYKTYPHO MHTEIPUPOBAHO B JBE CUCTEMBI BHICOKOYPOBHEBOTO MaTEMaTHUECKOIO
ouenuBanus: SAT M HalMOHANBHBIM cepTUPUKAIMOHHBIN Sk3amMeH. HecmoTps Ha TO, 4TO
HPKOHOMUYECKUE KOHTEKCTbl YacTO HCIOJb3YIOTCS B CTaHIAAPTU3UPOBAHHBIX MaTEMaTHUYECKHUX
3a/laHUSX, CPABHUTEIbHBIX UCCIIEOBAHMI, aHATH3UPYIOLINX Pa3INyus B INIyOUHE CTPYKTYPHOTO
MOJIEJIMPOBAaHUS U HAIPaBICHHOCTU HAa ONTHMHU3ALMIO, OCTAETCS HenocTaTo4yHo. Onupasch Ha
UCCJICIOBAHMSI MAaTEMaTH4YeCKOI0 MBIIUICHUsT M KOTHUTUBHOW HAarpy3ku, JaHHas pabora
npemiaraer Framework onenku sxonommuuyeckoro MeiuieHus: (ERAF), npennaznaueHHBIN 1y1s
KJIacCU(UKAIUU 33JaHUI C SKOHOMHYECKUM COJIEpP:KaHHUEM 0 YEThIPEM YPOBHSIM CTPYKTYPHOMU
CJI0KHOCTH.

B uccnenoBanuu ObUT IpOBENEH KAa4eCTBEHHBIM aHaIW3 JOKYMEHTOB, BKiIOUaromui 20
dK3aMEHAIMOHHBIX  3amanuii (12  3amapmit SAT w 8 3agaHuili  HAIMOHAJIBLHOTO
cepTuUKaOHHOr0 2k3aMeHa). [lodydeHHBIE pe3yabTaThl BBIIBUIM YETKHH CTPYKTYPHBIN
KOHTpAcT Mexay AByMms cuctreMaMu. B BeiOopke SAT 75% 3amanuii ObUTH COCPEIOTOYCHBI Ha
ypoBHAX 1 M 2, aKkUeHTUpPys BHUMaHUE HA MNPUKIAJHOM IMPONOPLUUOHAIBHOM MBIIUIEHUH H
MOJIEJIMPOBAaHUM HAa OCHOBE OrpPAaHMYEHUH, TOrjJa Kak TOJbKO 8% 3aJaHuil OTHOCHUIIUCH K
CTpYKTypaM ontumuzauud ypoBHs 4. B cBowo ouepenb, 50% 3amaHuil HAIlMOHAIBHOIO
CepTU(PUKAIMOHHOTO HK3aMeHa ObUIM KiacCH(PUIMPOBAaHBI KaK YPOBEHb 4, WTO OTpa)kaer
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BBIPQKEHHYIO OpPHUEHTALlMI0O HAa MAaKCUMM3alMI0 MNpUObUIM M (OpMaIbHOE aHATUTHYECKOE
MBIILLUICHHUE.

[losnyueHHblE pe3ynbTaThl CBUAECTEIBCTBYIOT O TOM, 4YTO 00€ CHCTEMBI HCHOJIb3YIOT
9KOHOMHYECKHE KOHTEKCThI, OJTHAKO pa3IMYyaroTCcs 10 IIyOMHE U CTPYKTYPHOH HalpaBle€HHOCTH
HKOHOMHYECKOTO MBIIUIEHUS, KoTopoe oHM (opmupyror. Framework ERAF mnpenocrasiser
CUCTEMHBII  MHCTPYMEHT Ul  CPAaBHMTEIBHOIO  aHaIM3a  CTPYKTypbl 3aJaHudl B
CTaHJAPTU3UPOBAHHBIX MATEMAaTUYECKUX OLICHUBAHHUSIX.

KiroueBbie ¢j10Ba: S)KOHOMHYECKOE MBIIUIEHUE; KOTHUTUBHAS Harpy3ka; MaTeMaTHYECKOe
MOJICJINPOBAHNUE; CTAHAAPTU3UPOBAHHOE OLICHUBAHUE; ONITUMHU3ALIN; CTPYKTYpa 3aJaHuM.

1. Introduction

Standardized mathematics examinations play a decisive role in shaping academic
trajectories, institutional access, and educational policy decisions. In high-stakes contexts, these
assessments function not only as measures of procedural fluency but also as instruments intended
to evaluate higher-order reasoning and problem-solving competence. A notable proportion of
mathematics test items embed economic contexts, including profit optimization, revenue
modeling, percentage growth, cost functions, and resource allocation scenarios. Such tasks
require students to interpret quantitative relationships within structured real-world settings rather
than merely perform routine calculations.

Research in mathematics education has emphasized that reasoning is a central yet
conceptually complex construct (Kollosche, 2021). Similarly, studies on cognitive demand
demonstrate that the structure of assessment tasks significantly influences the depth of reasoning
elicited from students (Hsu & Yao, 2023; Ni et al., 2018). Within modeling research, scholars
have highlighted the importance of examining how contextualized mathematical problems are
designed and assessed, particularly in high-stakes environments (Turner et al., 2022; Geiger et al.,
2018). These strands of literature collectively suggest that the structure of assessment items plays
a critical role in determining the type and level of reasoning measured.

Despite this growing body of research, limited attention has been devoted to the structural
treatment of economic reasoning across different standardized examination systems. While
international and national assessments frequently incorporate economic scenarios, comparative
analyses of how such tasks operationalize reasoning depth remain scarce. In particular, there is
insufficient investigation into whether high-stakes examinations differ in their emphasis on
structural modeling, constraint systems, dynamic reasoning, and optimization-based analysis.

This study addresses this gap by conducting a comparative structural analysis of economic
reasoning tasks drawn from the SAT and a national certification mathematics examination.
Rather than focusing on student performance outcomes, the analysis centers on task design
characteristics, cognitive complexity, and modeling orientation. By examining how economic
reasoning is embedded and structured within assessment items, the study aims to contribute to
broader discussions on cognitive demand, modeling competence, and high-stakes mathematics
assessment design. This study addresses the following research question: How do the structural
and cognitive characteristics of economic-context tasks differ between the SAT and a national
certification mathematics examination?

2. Theoretical Framework

2.1 Mathematical Reasoning as a Structured Cognitive Activity
Mathematical reasoning is widely recognized as a central objective of mathematics
education. However, what counts as “reasoning” is not always clearly defined. Kollosche (2021)

argues that reasoning in mathematics education is often used as a general label without sufficient
theoretical clarity. According to this perspective, reasoning should not be reduced to procedural
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correctness; instead, it reflects structured ways of justifying, interpreting, and validating
mathematical relationships.

Drawing on the idea of “styles of reasoning,” Kollosche (2021) suggests that different forms
of reasoning operate within mathematics, including deductive reasoning, modelling-oriented
reasoning, statistical reasoning, and experimental reasoning. These styles shape how problems
are approached and what is considered a valid solution. This distinction is important for
assessment analysis because the structure of a test item influences which style of reasoning is
activated.

In the context of economic problems embedded in mathematics examinations, reasoning
may involve interpreting functional relationships, identifying constraints, analysing variable
interactions, or determining optimal outcomes. Such tasks go beyond computation and require
students to organize quantitative information within structured models. Therefore, understanding
reasoning as a structured cognitive activity provides a necessary foundation for analysing
assessment items.

2.2 Cognitive Demand and Task Structure

The level of reasoning elicited by a task is closely related to its cognitive demand. Research
on mathematical tasks has shown that problems differ significantly in the type and depth of
thinking they require (Hsu & Yao, 2023). Some tasks primarily assess procedural fluency, while
others demand relational understanding, justification, and strategic decision-making.

Empirical research further indicates that tasks of higher cognitive demand are associated
with deeper conceptual engagement (Ni et al., 2018). When students are required to analyze
relationships, justify conclusions, or work within constrained systems, the cognitive complexity
of the task increases. This suggests that examining the structural properties of test items can
provide insight into the level of reasoning being assessed.

For high-stakes examinations, this distinction becomes particularly important. If assessment
systems differ in how they design and structure tasks, they may implicitly prioritize different
forms of reasoning. Therefore, analysing cognitive demand is not only a matter of difficulty but
also of structural orientation.

2.3 Mathematical Modeling in Assessment Contexts

Mathematical modeling research emphasizes the importance of connecting mathematical
structures to real-world situations (Geiger et al., 2018). In assessment contexts, modeling tasks
often require students to translate contextual information into formal representations such as
equations, systems of constraints, or functional relationships.

Turner et al. (2022) highlight that the assessment of modeling competence depends on how
tasks are designed and how much autonomy students are given in constructing representations.
Some examination systems may provide highly structured prompts, while others require students
to identify relevant variables and relationships independently.

Economic-context problems are particularly relevant in this regard. Revenue functions,
profit optimization, growth models, and allocation problems are inherently modeling-based.
However, the depth of modeling required may vary across examination systems. In some cases,
economic tasks remain largely procedural, while in others they demand structural interpretation
and strategic reasoning.

3. Methodology

3.1 Research Design
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This study employs a qualitative comparative document analysis design. The primary
objective is to examine how economic reasoning is structurally embedded within mathematics
examination items across two high-stakes assessment systems: the SAT and a national
certification mathematics examination. Rather than evaluating student performance data, the
analysis focuses on task structure, modeling orientation, and cognitive characteristics of the
items themselves.

A document analysis approach is appropriate because the unit of analysis is the assessment
item. The study investigates how economic contexts are constructed, what types of quantitative
relationships are required, and how constraints and optimization structures are presented within
the tasks.

3.2 Data Description

The dataset for this study consisted of 20 economic-context mathematics examination items
drawn from publicly available sources. Twelve items were selected from SAT sample materials,
and eight items were selected from a national certification mathematics examination.

Items were included if they explicitly incorporated economic variables such as profit,
revenue, cost, production quantity, allocation, or growth over time. Tasks involving purely
procedural arithmetic without contextual modeling were excluded. The final dataset was
constructed to ensure representation of modeling-based, constraint-based, and optimization-
oriented problem structures.

All items were classified according to the Economic Reasoning Assessment Framework
(ERAF). To enhance analytical consistency, each item was reviewed multiple times to ensure
alignment with structural criteria.

3.3 Data Selection and Sampling Criteria

The dataset consists of mathematics examination items drawn from publicly available SAT
sample materials and officially released national certification examination tasks. From the
identified pool of publicly available items, tasks were selected according to the following criteria:

1. The task explicitly includes an economic context (e.g., profit, revenue, cost, growth,
allocation, percentage change).

2. The task requires interpretation of quantitative relationships rather than simple arithmetic
substitution.

3. The item structure allows classification according to modeling or optimization
characteristics.

Items that involved purely procedural computation without contextual interpretation were
excluded. The final dataset includes a structured sample of economic-context tasks from both
examination systems to enable comparative analysis.

3.4 Analytical Framework: ERAF Classification

To systematically examine structural differences, the study applies the Economic Reasoning
Assessment Framework (ERAF), developed for this research. The framework categorizes
economic-context mathematics tasks into four levels based on structural and cognitive
characteristics:

e Level 1: Fundamental Quantitative Economic Skills (basic proportional reasoning,
percentage calculations, simple linear relationships).
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e Level 2: Structural Constraint Modeling (systems of equations, variable interdependence,
explicit constraints).

e Level 3: Dynamic and Functional Reasoning (exponential growth, time-dependent
change, functional interpretation).

o Level 4: Strategic Optimization and Analytical Decision-Making (profit maximization,
quadratic modeling, comparative decision structures).

Each selected item was independently analyzed and classified according to these structural
criteria. The classification emphasizes task design features rather than student difficulty levels.

3.5 Comparative Analysis Procedure

After classification, the distribution of items across ERAF levels was examined for each
examination system. The analysis focuses on identifying structural patterns, such as:
The prevalence of modeling-based tasks,
The presence of optimization structures,

o The degree of constraint interdependence,

e The balance between procedural and structural reasoning.

This approach enables a structural comparison of how economic reasoning is
operationalized across assessment systems.

4. Results

4.1 Distribution of ERAF Levels in SAT Items

The analysis of SAT economic-context items (n = 12) indicates a concentration in Level 1
and Level 2 categories. Four items (33%) were classified as Level 1, involving proportional
reasoning, percentage change, and basic linear relationships in applied economic settings.

Five items (42%) were categorized as Level 2, requiring structural modeling of
interdependent variables, including systems of equations and explicit constraints. These tasks
demanded interpretation of relationships rather than simple substitution.

Two items (17%) were classified as Level 3, incorporating dynamic or exponential
reasoning within economic growth contexts. Only one item (8%) met Level 4 criteria, involving
structured optimization reasoning within a quadratic framework.

4.2 Distribution of ERAF Levels in National Certification Items

In contrast, the national certification dataset (n = 8) demonstrated a stronger emphasis on
higher-level reasoning structures.

One item (13%) was classified as Level 1. Two items (25%) fell under Level 2, involving
constraint-based modeling. One item (13%) was categorized as Level 3.

Notably, four items (50%) were classified as Level 4, requiring explicit optimization
reasoning such as profit maximization or quadratic function analysis. These tasks emphasized
formal analytical structures and strategic decision-making.

4.3 Comparative Structural Patterns
The comparative distribution reveals distinct structural orientations between the two
examination systems.

The SAT predominantly emphasizes applied structural modeling (Levels 1-2 = 75%), with
limited representation of optimization-based reasoning (Level 4 = 8%). In contrast, the national
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certification examination demonstrates a substantially higher proportion of optimization-oriented
tasks (Level 4 = 50%).

These findings suggest that while both systems incorporate economic contexts, the structural
depth and analytical orientation of reasoning differ in meaningful ways.

Table 1. Distribution of ERAF Levels Across Examination Systems

Examinatio Level Level Level Level Tota
n 1 2 3 4 1

SAT 4 5 1 12

National 1 2 1 4

5. Discussion

The findings indicate a clear structural contrast. Whereas 75% of SAT items were
concentrated in Levels 1 and 2, the national certification examination allocated 50% of its items
to Level 4 optimization structures. This contrast highlights different assessment priorities in the
operationalization of economic reasoning.

The SAT dataset demonstrates a stronger concentration in structural modeling tasks,
particularly those requiring interpretation of linear relationships and constraint-based systems.
This pattern aligns with research emphasizing modeling-oriented reasoning and contextual
interpretation in mathematics assessment (Geiger et al., 2018; Turner et al.,, 2022). The
predominance of Level 1 and Level 2 items suggests that economic reasoning in the SAT is
frequently operationalized through applied structural relationships rather than formal
optimization procedures.

In contrast, the national certification examination exhibits greater representation of
optimization-based reasoning. Tasks involving quadratic profit functions and maximum or
minimum value identification reflect a stronger emphasis on analytical formalization. From a
cognitive demand perspective, this distribution corresponds to higher levels of structured
reasoning (Hsu & Yao, 2023; Ni et al.,, 2018), particularly when students must analyze
constrained systems and justify optimal decisions.

These structural differences may reflect broader educational orientations. International
standardized tests such as the SAT often prioritize transferable modeling competence within
applied contexts, while national examinations may emphasize algebraic rigor and formal
optimization skills. However, the present analysis does not evaluate the effectiveness of either
approach; rather, it demonstrates that economic reasoning can be operationalized through distinct
structural pathways.

Importantly, the ERAF classification framework provides a systematic lens for identifying
these differences. By focusing on task design rather than performance outcomes, the study
contributes to ongoing discussions about cognitive demand, modeling depth, and structural
complexity in high-stakes mathematics assessment.

These findings suggest that assessment systems may implicitly prioritize different forms of
economic reasoning depending on their structural design principles. This observation reinforces
the importance of examining task architecture rather than relying solely on difficulty indices.

6. Conclusion

This study examined how economic reasoning is structurally embedded within two high-
stakes mathematics examination systems. By applying the Economic Reasoning Assessment
Framework (ERAF), the analysis identified clear differences in the cognitive and structural
orientation of economic-context tasks across the SAT and a national certification examination.

The findings indicate that while both systems incorporate economic scenarios, they
operationalize reasoning in distinct ways. The SAT predominantly emphasizes applied structural
modeling within bounded algebraic contexts, whereas the national certification examination
demonstrates stronger representation of optimization-oriented and analytically formalized tasks.
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These differences suggest that assessment design plays a central role in shaping the type of
reasoning that examinations prioritize.

Rather than evaluating which system is superior, this study highlights how structural
characteristics influence the nature of economic reasoning measured in high-stakes contexts. The
ERAF framework offers a structured analytical lens that may support future comparative
research on assessment design and cognitive demand in mathematics examinations.

Several limitations should be acknowledged. The dataset is restricted to selected publicly
available examination items, and the classification relies on structural analysis rather than
empirical performance data. Future research may extend this framework by incorporating larger
datasets, cross-national comparisons, or quantitative validation procedures.

Despite these limitations, the study contributes to ongoing discussions in mathematics
education by demonstrating that economic reasoning in standardized assessments is not uniform
but structurally shaped by examination design principles.

7. Data Availability Statement

The data analyzed in this study consist of publicly available examination items from SAT
sample materials and officially released national certification examinations. No new datasets
were generated. The analyzed materials are accessible through their respective official sources.

8. Al Usage Disclosure

The author used ChatGPT (OpenAl, GPT-5 architecture) for language refinement and
structural editing assistance during manuscript preparation. All analytical decisions, framework
development, data classification, and final interpretations were independently conducted and
verified by the author.
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