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This study examines the 2024 National College Entrance Examination 
(NCEE) Mathematics Papers (National Paper A, New Curriculum Standard 
I and II ) through an integrated methodology combining Analytic Hierarchy 
Process (AHP) theory, analysis of variance (ANOVA), and Python-based 
computational analysis. We developed an enhanced difficulty assessment 
framework featuring an AHP-derived integrated difficulty coefficient 
model that utilizes expert-constructed judgment matrices for precise factor 
weighting, overcoming limitations of conventional evaluation approaches. 
Our Python-powered analytical pipeline enabled comprehensive data 
processing, visualization of difficulty factor distributions, and rigorous 
statistical testing. ANOVA results demonstrated no statistically significant 
differences among the three exam versions across seven core difficulty 
dimensions: contextual factors, parameter factors, operational proficiency, 
reasoning ability, knowledge coverage, thinking orientation, and cognitive 
levels, indicating remarkable stability in overall test difficulty.
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1. Introduction

Since the early 21st century, difficulty models have 
remained a prominent research focus in the field of math-
ematics education (Yang et al., 2022). In 2002, Chinese 
scholar Bao Jiansheng, building upon Nohara’s related 
theories, proposed the concept of “Integrated Difficulty 
in Mathematics Curriculum.” He developed an integrat-
ed difficulty model for worked examples and exercises 
across five dimensions: exploration, context, computation, 
reasoning, and knowledge (Bao, 2002). Based on findings 
from the Qingpu Experiment, Wang Jianpan and col-

leagues constructed a framework for mathematical cog-
nitive levels in 2014. They refined the original integrated 
difficulty model into four levels: operation, concept, com-
prehension-explanation, and analysis-exploration. This 
model has been widely applied in comparative studies of 
textbooks (Wang & Bao, 2014). Then, in 2016, Zhang Yi, 
Wu Xiaopeng, and others further modified the model and 
adapted it for research on mathematics questions in Chi-
na’s National College Entrance Examination (NCEE). By 
2020, they developed an integrated difficulty model for 
NCEE mathematics questions using the Analytic Hierar-
chy Process (AHP) theory (Zhang et al., 2016a; Zhang & 
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Wu, 2016b).
Educational assessment is a crucial yet complex com-

ponent of educational activities, serving as a key mecha-
nism for monitoring teaching effectiveness and evaluating 
learning outcomes, and plays a vital role in improving 
education quality. Test items are influenced by multiple 
factors, including validity, reliability and difficulty, with 
the last being particularly significant as it largely deter-
mines the fairness of assessments. Currently, integrated 
difficulty models have been explored across various fields. 
However, methodological limitations persist in determin-
ing the weighting between different factors within diffi-
culty coefficient models, as well as the weighting across 
different levels of the same factor. Moreover, previous 
studies have mostly focused on the visual presentation of 
statistical data, often relying on subjective perception to 
judge whether data differences are significant, rather than 
conducting in-depth data analysis grounded in scientific 
statistical methods.

To address the limitations in current research, this study 
explores two innovative approaches aimed at providing 
new perspectives for test paper difficulty analysis. First, 
we introduce the AHP-based integrated difficulty coeffi-
cient model developed by Wu Xiaopeng et al. Traditional 
simplistic scoring methods (i.e. Natural Weighting Meth-
od) often fail to thoroughly analyze test item difficulty. By 
constructing expert judgment matrices to evaluate each 
factor and employing the AHP model to scientifically 
determine factor weights, this approach enables precise 
measurement of each factor’s impact on item difficulty, 
thereby overcoming the shortcomings of conventional 
methods. Second, we integrate quantitative analysis with 
visualization techniques. In our examination of the 2024 
NCEE Mathematics Papers (National Paper A and New 
Curriculum Standards I & II), we incorporated analysis of 
variance (ANOVA) to compare differences in difficulty 
coefficients and integrated difficulty coefficients across 
test versions. ANOVA provides an objective assessment 
of difficulty stability and dispersion patterns across differ-
ent papers. When combined with visualization techniques 
that transform complex data into intuitive charts, this dual 
approach offers a more comprehensive and accessible ref-
erence for test difficulty research.

2. Methods

2.1 Data Selection and Analytical Methods

This study focuses on the mathematics test papers from 
the 2024 National College Entrance Examination (NCEE), 
specifically analyzing the National Paper A (NEPA), New 
Curriculum Standard I (NCS-I), and New Curriculum 
Standard II (NSC-II). The National Paper A consists of 23 

test items, including two optional questions, while both 
New Curriculum Standard I and II contain 19 items each 
with no optional questions. To thoroughly examine the 
characteristics of these three test versions, the research 
employs a combination of comparative analysis and sta-
tistical analysis, aiming to provide valuable insights for 
educational researchers and practitioners.

2.2 Analytical Tools
2.2.1 Integrated Difficulty Model: An AHP-Based 
Analytical Framework

Based on the fundamental principles of AHP theory 
and the judgment matrices constructed by expert teams in 
previous literature, this study categorizes the factors of the 
integrated difficulty model into seven dimensions: con-
text, parameter inclusion, operation complexity, reasoning 
ability, knowledge coverage, thinking orientation, and 
cognitive level (Zhang & Wu (2016b)). The definitions, 
weights, and coding schemes for each dimension are pre-
sented in Table 1.

Following the operational definitions of difficulty 
factors presented in Table 1, all items across the three 
versions were systematically coded. Subsequent statisti-
cal processing through Formula ① yielded the difficulty 
coefficient (di) for each individual factor.
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where ijn  denotes the number of test items at the j-th 
level of the i-th factor in each paper, represents the weight 
assigned to the j-th level of the i-th factor, m indicates the 
number of distinct levels within each difficulty factor, and  
is the total number of items in each examination paper. 
The integrated difficulty D of the entire test is calculated 
by Formula ② :
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where  (0.4,1.20,0.83,2.50,0.40,0.83,0.83)ik = fa l -
serepresents the weight of each difficulty factor.

2.2.2 One-Way ANOVA for Completely Randomized Design

When comparing means across multiple groups, 
Analysis of Variance (ANOVA) is typically employed 
to comprehensively determine the significance of differ-
ences among several means. To examine the significance 
of differences between different levels of a single factor, 
one-way ANOVA can be applied to test for significant 
differences among multiple independent sample means—
specifically, a completely randomized design (CRD) 
ANOVA.
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Since the sample sizes corresponding to each test pa-
per are equal across all dimensions of difficulty factors, 
the F-ratio of between-group to within-group variance 
can be used to test whether significant differences ex-
ist among the test papers under the same contextual 
factors. Based on this, the following hypothesis is pro-
posed:

2.2.2 One-Way ANOVA for Completely Randomized Design
When comparing means across multiple groups, Analysis of Variance (ANOVA) is

typically employed to comprehensively determine the significance of differences among several

means. To examine the significance of differences between different levels of a single factor,

one-way ANOVA can be applied to test for significant differences among multiple independent

sample means—specifically, a completely randomized design (CRD) ANOVA.

Since the sample sizes corresponding to each test paper are equal across all dimensions of

difficulty factors, the F-ratio of between-group to within-group variance can be used to test

whether significant differences exist among the test papers under the same contextual factors.

Based on this, the following hypothesis is proposed: H0 : μ1 = μ2 = μ3 , H1 :At least two

population means differ. If the test shows no significant difference (p > 0.05), it indicates no

statistically significant differences among the test papers across the difficulty factors.

2.2.3 Analysis of Coding Examples
(2024 National Paper A, Multiple-Choice Question 6) Let the functionf(x) = ex+2 sin x

1+x2 , then
the area of the triangle formed by the tangent line to the curve y = f (x) �� ( 0,1) and the
coordinate axes is:

A.1
6

B.1
3

C.1
2

D.2
3

Difficulty Level Analysis: This problem is set in a pure mathematical context and requires
students to perform routine symbolic manipulations. It involves the following knowledge
components: geometric interpretation of derivatives, calculation of tangent line equations, area
computation. The solution demands only simple logical reasoning, where students directly apply
learned concepts and properties through sequential reasoning. Thus, this item is coded as: A1,
B2, C3, D1, E3, F1, G2.
3 Results

Applying the established analytical framework, we conducted systematic coding and

statistical analysis of all three 2024 NCEE mathematics test forms, with the aggregated results

displayed in Table 2.

Table 2: Difficulty Statistics by Factor Across Three Test Papers

Difficulty

Factor
Tier

AHP

Weig

ht

Number of items Percentage
Coefficients of difficulty

factors

NEPA NCS-I NSC-II NEPA NCS-I NSC-II NEPA NCS-I NSC-II

Contextual
Factors

No Context 0.27 22 17 18
95.65
%

89.47
%

94.74%

0.30 0.34 0.30
Everyday
Context

0.90 1 2 1 4.35%
10.53
%

5.26%

Scientific
Context

1.83 0 0 0 0.00% 0.00% 0.00%

Parameter
Factors

Parameter-f
ree

0.50 5 5 7
21.74
%

26.32
%

36.84% 1.28 1.24 1.13

:At least two population 
means differ. If the test shows no significant difference (p 
> 0.05), it indicates no statistically significant differences 
among the test papers across the difficulty factors.
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Difficulty Level Analysis: This problem is set in a pure 
mathematical context and requires students to perform 
routine symbolic manipulations. It involves the follow-

Table 1. Classification and Weight Assignment of Levels in the Integrated Difficulty Model

Difficulty Factor Tier Conceptual Description AHP Weight Item Code

Contextual Factors

No Context Pure mathematical knowledge as the sole context 0.27 A1

Everyday Context Real-life situations 0.90 A2

Scientific Context STEM-related contexts 1.83 A3

Parameter Factors

Parameter-free
The test item contains no parameters, requiring 

computation and analysis of given data only
0.50 B1

Parameterized
The test item contains parameters that require 

dynamic computation, achieved through parameter 
processing and analysis.

1.50 B2

Operational Proficiency

Basic numerical computation
Operations involving basic numerical calculations: 

arithmetic, exponentiation, and root extraction
0.20 C1

Advanced numerical computation
Operations involving complex calculations: 
exponential, logarithmic, and trigonometric

0.68 C2

Basic symbolic manipulation
Operations involving trigonometric values, 

binomials, basic probability calculations, and related 
operations.

0.68 C3

Advanced symbolic operation
Operations involving complex proofs and solving 

sophisticated trajectory equations and related 
operations.

2.44 C4

Reasoning Ability
Simple Reasoning

The reasoning content is simple and can be 
completed within three steps.

0.50 D1

Complex Reasoning
The reasoning content is complex and requires more 

than three steps of reasoning.
1.50 D2

Knowledge Coverage

Single-concept item The test item assesses a single key concept. 0.30 E1

Dual-concept item The test item assesses two key concepts. 0.78 E2

Multi-concept item (≥3 concepts) The test item assesses three or more key concepts. 1.92 E3

Thinking Orientation
Sequential reasoning

Using existing problem-solving approaches to 
address problems directly in sequential order

0.64 F1

Reversal reasoning
Solving problems indirectly through backward 

utilization of established knowledge
1.36 F2

Cognitive Level

Comprehension
Comprehension of mathematical concepts, 

properties, and theories, relating to declarative 
knowledge

0.33 G1

Application
Application of mathematical concepts, properties, 

and theories, relating to procedural knowledge
0.96 G2

Analysis
Construction of appropriate mathematical models 
through in-depth analysis and synthesis of given 

conditions for problem-solving
1.71 G3
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ing knowledge components: geometric interpretation of 
derivatives, calculation of tangent line equations, area 
computation. The solution demands only simple logical 
reasoning, where students directly apply learned concepts 
and properties through sequential reasoning. Thus, this 
item is coded as: A1, B2, C3, D1, E3, F1, G2.

3. Results

Applying the established analytical framework, we 
conducted systematic coding and statistical analysis of all 
three 2024 NCEE mathematics test forms, with the aggre-
gated results displayed in Table 2.

Table 2. Difficulty Statistics by Factor Across Three Test Papers

Difficulty Factor Tier
AHP 

Weight

Number of items Percentage Coefficients of difficulty factors

NEPA NCS-I NSC-II NEPA NCS-I NSC-II NEPA NCS-I NSC-II

Contextual 
Factors

No Context 0.27 22 17 18 95.65% 89.47% 94.74%

0.30 0.34 0.30 

Everyday 
Context

0.90 1 2 1 4.35% 10.53% 5.26%

Scientific 
Context

1.83 0 0 0 0.00% 0.00% 0.00%

Parameter Factors
Parameter-free 0.50 5 5 7 21.74% 26.32% 36.84%

1.28 1.24 1.13 
Parameterized 1.50 18 14 12 78.26% 73.68% 63.16%

Operational 
Proficiency

Basic numerical 
computation

0.20 2 2 2 8.70% 10.53% 10.53%

1.40 1.37 1.65 

Advanced 
numerical 

computation
0.68 1 1 1 4.35% 5.26% 5.26%

Basic symbolic 
manipulation

0.68 10 8 5 43.48% 42.11% 26.32%

Advanced 
symbolic 
operation

2.44 10 8 11 43.48% 42.11% 57.89%

Reasoning Ability

Simple 
Reasoning

0.50 12 8 10 52.17% 42.11% 52.63%
0.98 1.08 0.97 

Complex 
Reasoning

1.50 11 11 9 47.83% 57.89% 47.37%

Knowledge 
Coverage

Single-concept 
item

0.30 4 5 7 17.39% 26.32% 36.84%

1.04 1.19 1.26 
Dual-concept 

item
0.78 12 5 1 52.17% 26.32% 5.26%

Multi-concept 
item (≥3 
concepts)

1.92 7 9 11 30.43% 47.37% 57.89%

Thinking 
Orientation

Sequential 
reasoning

0.64 11 7 6 47.83% 36.84% 31.58%
1.02 1.09 1.13 

Reversal 
reasoning

1.36 12 12 13 52.17% 63.16% 68.42%

Cognitive Level

Comprehension 0.33 4 3 4 17.39% 15.79% 21.05%

1.27 1.26 1.18 Application 0.96 6 6 6 26.09% 31.58% 31.58%

Analysis 1.71 13 10 9 56.52% 52.63% 47.37%
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Following the tabulated difficulty metrics (Table 2), 
we employed Python-based data visualization to elucidate 
inter-version factor difficulty trends, complemented by 
ANOVA to assess statistical significance.

3.1 Contextual Factors

As shown in Figure 1, all three papers primarily focus 
on questions testing pure mathematical knowledge, in-
clude fewer questions set in real-life contexts, and contain 
none based on scientific backgrounds. Among them, the 
NEPA included the highest number of context-free ques-
tions, totaling 22, followed by NCS-I with 17 such ques-
tions. In terms of real-life context questions, NSC-II Paper 
contained the most, with 2 questions, while the NEPA and 
NCS-I each included only 1 question of this type.  

After calculations, the between-group degrees of free-
dom (dfB) was 2, and the within-group degrees of free-
dom (dfW) was 6, yielding an F-value of 0.016 (rounded 
to three decimal places, same below), with a correspond-
ing P-value of 0.985. At a significance level of 0.05, the 
critical value obtained from the F-distribution table was 
5.143. The calculated F-value was lower than this critical 
value, and the P-value exceeded 0.05. Based on these re-
sults, there is insufficient statistical evidence to reject the 
null hypothesis. This means that, given the current sample 
data, there is no compelling reason to conclude that there 
are significant differences in the mean scores among the 
exam papers.

Overall, the three exam papers are predominantly 
composed of pure mathematics context questions, while 
real-life and scientific context questions are relatively 
scarce. This suggests that current examinations place 
greater emphasis on testing theoretical mathematical 
knowledge, while to some extent neglecting the strong 
connections between mathematics and both real-world ap-
plications and STEM fields.

 

Figure 1

 

Figure 2

3.2 Parameter Factors

As observed in Figure 2, all versions primarily assess 
questions involving parameters. NEPA contains the high-
est number of parameter-based questions (18), followed 
by NCS-I(14), while the NSC-II has the fewest (12). Sta-
tistical analysis yields dfB = 2, dfW = 3, with F = 0.058 
and a corresponding p-value of 0.945. At the 0.05 signifi-
cance level, the critical F-value is 9.552. Since the calcu-
lated F-value is lower than the critical value and p > 0.05, 
the results indicate no statistically significant differences 
in the mean scores among the three exam papers.

Parameters serve as a bridge between variables and 
constants in mathematics, playing a crucial role in culti-
vating students’ logical thinking, abstract reasoning, and 
problem-solving abilities. In summary, although statistical 
analysis indicates no significant differences in parame-
ter-related difficulty levels across the three exam versions, 
their actual proportions differ slightly in terms of question 
quantity composition.

3.3 Operational Proficiency

As shown in Figure 3, all three exam papers place sig-
nificant emphasis on assessing symbolic operations under 
the dimension of operational proficiency. NEPA includes 
10 questions each for both basic and advanced symbol-
ic operations. Similarly, NCS-I contains 8 questions for 
these two complexity levels. Notably, NSC-II has the 
highest number of advanced symbolic operation questions 
(11) among the three papers, while featuring only 5 basic 
symbolic operation questions. Statistical analysis yields 
dfB of 2 and dfW of 9, producing an F-value of 0.068 with 
a corresponding p-value of 0.935. At the 0.05 significance 
level, with a critical F-value of 4.256, the results show no 
statistically significant differences in mean scores across 
the exams as the calculated F-value is lower than the criti-
cal value and p > 0.05. 

The substantial proportions of both basic and advanced 
symbolic operations in all papers demonstrates that the 
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education and assessment system values not only students’ 
fundamental knowledge mastery (assessed through basic 
operations) but also their ability to apply this knowledge 
to solve sophisticated problems (evaluated via advanced 
operations), reflecting a comprehensive approach to math-
ematical competency assessment.

Figure 3

Figure 4

3.4 Reasoning Ability

The data in Figure 4 reveals characteristics in the as-
sessment of reasoning abilities across papers: NEPA in-
cludes 12 simple reasoning questions and 11 complex rea-
soning questions; NCS-I contains 11 complex reasoning 
questions and 8 simple reasoning questions; while NSC-II 
comprises 10 simple reasoning questions and 9 complex 
reasoning questions. Statistical analysis shows dfB of 2 
and dfW of 3, yielding an F-value of 1.455 with a corre-
sponding p-value of 0.362. At the 0.05 significance level 
with a critical F-value of 9.552, the results demonstrate 
no statistically significant differences in the average level 
of reasoning ability assessment across the three papers 
(1.455<9.552, p>0.05). This assessment pattern reflects a 
balanced evaluation of candidates’ basic reasoning skills 
and higher-order analytical abilities, while maintaining 
statistical equivalence in overall difficulty across different 
exam versions.

3.5 Knowledge Coverage

An analysis of Figure 5 reveals different emphases in 
knowledge coverage across papers. NEPA primarily as-
sesses two key concepts per question (12 questions), fol-
lowed by questions integrating three or more key concepts 
(7 questions). In contrast, NCS-I emphasizes questions 
combining three or more key concepts (9 questions), with 
fewer questions focusing on single or dual key concepts 
(10 questions total). NSC-II shows the strongest focus on 
comprehensive knowledge application, with 11 questions 
requiring integration of three or more key concepts, while 
containing only one question assessing two key concepts. 
Statistical analysis indicates dfB=2 and dfW=6, producing 
an F-value=0.113, and p=0.895. With the critical F-value 
at 5.143, the results (F=0.113<5.143, p>0.895) demon-
strate no statistically significant differences in mean scores 
across the papers.

Notably, while statistically equivalent, the papers 
reveal different pedagogical approaches: NEPA empha-
sizes broad foundational knowledge through two-point 
questions, ensuring solid content mastery. Conversely, 
both New Curriculum papers prioritize deeper knowl-
edge integration, particularly through three-or-more-point 
questions, encouraging students to synthesize knowledge 
systematically for problem-solving. 

 

Figure 5

Figure 6
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3.6 Thinking Orientation

Figure 6 clearly demonstrates the variations in the 
“Thinking Orientation” factor across papers. Regarding 
sequential thinking, NEPA, NCS-I, and NSC-II show a 
decreasing trend, containing 11, 7, and 6 questions re-
spectively. Conversely, for reverse thinking, these papers 
display an increasing trend, with question numbers of 
12, 12, and 13 respectively. The statistical analysis yields 
dfB=2, dfW=3, F=0.213, and P=0.819. At the 0.05 signifi-
cance level, with a critical F-value of 9.552, the calculated 
F-value is smaller than this threshold and P>0.05. These 
results provide insufficient evidence to suggest significant 
differences in mean scores among the papers.

Sequential thinking represents a linear, logical ap-
proach, while reverse thinking emphasizes unconvention-
al, counter-directional reasoning abilities. Both serve as 
important problem-solving tools, each possessing unique 
value. The opposite trends observed in the proportion 
of sequential versus reverse thinking questions across 
the three papers indicate that these examinations present 
considerable challenges in assessing thinking abilities, re-
quiring students to break conventional thinking patterns to 
solve problems.

3.7 Cognitive Level

As shown in Figure 7, the distribution of questions 
across cognitive levels varies among the three exam pa-
pers. At the cognitive level, NEPA, NCS-I and II contain 
4, 3, and 4 questions respectively. All three papers include 
6 questions each at the application level. For the analysis 
level, the question counts are 13, 10, and 9 respectively. 
Statistical analysis shows dfB=2, dfW=6, F=0.130, with 
a corresponding P=0.880. At the 0.05 significance level, 
with a critical F-value of 5.143, the calculated F-value is 
below this threshold (F=0.130<5.143) and P>0.05, indi-
cating no significant differences in mean scores across the 
papers.

The data reveals that all three exam papers empha-
size the analysis level as their primary assessment focus, 
demonstrating a strong emphasis on higher-order thinking 
skills. Analysis ability, as a core cognitive competency, 
encompasses problem comprehension, decomposition, 
and solution identification – demanding the integrated ap-
plication of critical thinking, logical reasoning, and struc-
tured problem-solving skills. This consistent focus across 
all papers highlights the importance placed on developing 
students’ advanced cognitive capabilities in mathematics 
education.

Figure 7

Figure 8

3.8 Integrated Difficulty Level

First, based on the data in Table 2 and the weights of 
various difficulty factors, the integrated difficulty levels 
of the three 2024 exam papers were calculated using For-
mula ② , with results presented in Table 3. Subsequently, 
a radar chart of integrated difficulty was created using the 
data from Table 3 (see Figure 8).

Table 3 reveals that NCS-I has the highest integrated 
difficulty coefficient (7.88), followed by NSC-II (7.71), 
and finally NEPA (7.59). Significance testing of the differ-
ences in Table 3 data yielded: dfB=2, dfW=21, F=0.002, 
with a corresponding P=0.998. At the 0.05 significance 
level, with a critical F-value of 3.467, the calculated 
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F-value is below this threshold (F=0.002<3.467) and 
P>0.05. These results indicate insufficient evidence to 
suggest significant differences in mean scores between the 

groups. Therefore, overall, the three exam papers maintain 
relatively stable integrated difficulty levels with minimal 
fluctuation in difficulty.

Table 3. Composite Difficulty Indices Distribution by Exam Version

Contextual 
Factors

Parameter 
Factors

Operational 
Proficiency

Reasoning 
Ability

Knowledge 
Coverage

Thinking 
Orientation

Cognitive 
Level

Composite 
Difficulty

Weights ik 0.40 1.20 0.83 2.50 0.40 0.83 0.83 

NEPA 0.30 1.28 1.40 0.98 1.04 1.02 1.27 7.59 

NCS-I 0.34 1.24 1.37 1.08 1.19 1.09 1.26 7.88 

NSC-II 0.30 1.13 1.65 0.97 1.26 1.13 1.18 7.71 

Figure 8 partially reflects the differences in the compo-
sition of difficulty factors across the three exam papers. 
The papers exhibit quantitative consistency in the frequen-
cy of background factors, parameter factors, and cognitive 
levels assessed, but reveal substantial disparities in item 
counts across operational proficiency, reasoning ability, 
thinking orientation, and knowledge coverage dimensions 
— particularly evident in knowledge coverage and opera-
tional proficiency.

The three papers maintain near-identical assessment 
patterns for contextual factors, parameter factors, and cog-
nitive levels, demonstrating commonality in basic com-
petency requirements within the educational evaluation 
system. The consistency in contextual factors indicates 
that questions are predominantly designed within simi-
lar contexts; the uniformity in parameter factors reflects 
standardized requirements for difficulty control and ques-
tion type distribution; while the consistent assessment of 
cognitive levels - a crucial indicator for measuring stu-
dents’ understanding and mastery of knowledge - ensures 
fairness and comparability of evaluation outcomes.

The observed differences in operational proficiency, 
reasoning ability, thinking orientation, and knowledge 
coverage reflect the distinct educational philosophies and 
teaching priorities of different exam designers, as well 
as their varying emphases on assessing different student 
competencies. The divergence in operational proficiency 
stems from differing computational skill requirements; 
reasoning ability variations manifest in the papers’ empha-
sis on logical deduction; thinking orientation differences 
emerge in the distinct demands for cognitive flexibility 
and innovation - with the NCS-I and II Papers emphasiz-
ing divergent and critical thinking, while the NEPA focus-
es more on linear and normative thinking. The knowledge 
coverage variations are evident in the scope, depth, and 
breadth of key concepts assessed, where the NCS-I and 
II prioritize knowledge integration and application skills, 
whereas NEPA emphasizes in-depth exploration within 
specific domains. These differences necessitate targeted 

instructional approaches from educators.

4. Discussion

4.1 Innovative Optimization of the Integrated 
Difficulty Model

This study introduces an innovative integrated diffi-
culty coefficient model based on the Analytic Hierarchy 
Process (AHP). By utilizing expert-constructed judgment 
matrices, the model achieves precise determination of 
weights of factors, addressing the limitations of tradition-
al models in weight calculation. Conventional methods 
relying on simple additive operations or natural weight-
ing methods often fail to accurately quantify the impact 
of various factors on question difficulty. In contrast, this 
AHP-based model, with its systematic hierarchical struc-
ture and scientific weight calculation methodology, ena-
bles more accurate decomposition of test item difficulty. 
This significantly enhances the precision and reliability 
of assessment, providing a more robust analytical tool for 
evaluating exam papers.  

4.2 Difficulty Characteristics Revealed by ANOVA  

Analysis of variance (ANOVA) indicates no statistical-
ly significant differences among the three 2024 national 
college entrance mathematics exam papers across key 
difficulty dimensions, including contextual factors, pa-
rameter factors, operational proficiency, reasoning ability, 
knowledge coverage, thinking orientation, and cognitive 
levels. In terms of overall comprehensive difficulty, the 
three papers also demonstrate remarkable stability with 
minimal fluctuations. These findings suggest a high de-
gree of consistency in difficulty calibration across current 
mathematics exam papers. The ANOVA provides scien-
tific evidence for accurately evaluating the stability and 
dispersion of exam difficulty, thereby strengthening the 
reliability of research conclusions and helping educators 
better understand the distribution patterns of difficulty in 
mathematics exams.  
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4.3 Python-Powered Data Processing and Visualization

This study leverages Python’s robust data processing 
and visualization capabilities to present relevant data from 
the three 2024 mathematics exam papers through intui-
tive charts. These visualizations clearly illustrate trends 
in various difficulty factors, facilitating straightforward 
analysis and interpretation by researchers. Additionally, 
Python-implemented ANOVA enables significance testing 
of mean differences across multiple datasets, allowing 
for precise identification of variations in difficulty factors 
among different exam papers. This approach not only 
provides objective data support to enhance the scientific 
validity and persuasiveness of conclusions but also signif-
icantly improves research efficiency. It establishes a new 
methodological pathway for data processing and analysis 
in exam difficulty research. This comprehensive approach 
bridges theoretical assessment models with practical ed-
ucational evaluation needs, offering both methodological 
innovation and concrete applications for exam develop-
ment.

This study adopts an innovative multi-method integrat-
ed research approach, combining AHP theory, ANOVA, 
and Python tools, thereby providing novel perspectives 
and methodologies for exam difficulty research. Future 
educational research should actively expand interdisci-
plinary and multi-method comprehensive applications, 
breaking free from the constraints of traditional sin-
gle-method approaches. This will enhance the depth and 
breadth of research, yield more comprehensive and accu-
rate findings, and drive innovative developments in edu-
cational assessment methodologies.

Given the variations among different exam papers in 
operational proficiency, reasoning ability, thinking ori-
entation, and knowledge coverage - each emphasizing 
different aspects of student competencies - educational 
researchers and teachers should pay close attention to 
these differences. In-depth studies should be conducted on 
the characteristics of various exam papers to inform tar-
geted instructional research and design. Teaching content 
and methods should be adjusted according to the specific 
competency requirements of different exams, helping stu-
dents develop relevant skills and better adapt to various 
assessment formats. These insights can provide valuable 
references for educational reform and contribute to the 
improvement of education quality.
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