Appendix: 

Appendix Table 1: Annual Dimensions of the Semantic Network from PISA Papers.

	Year
	Total Nodes
	Total Edges
	Main Core Size
	Competing Cores (2+ nodes)
	Isolates

	1999
	3
	0
	1
	0
	3

	2002
	9
	0
	1
	0
	9

	2003
	30
	29
	17
	0
	13

	2004
	55
	43
	20
	2
	28

	2005
	90
	63
	24
	4
	51

	2006
	105
	88
	38
	3
	56

	2007
	129
	118
	54
	2
	68

	2008
	169
	177
	78
	1
	87

	2009
	201
	230
	95
	1
	102

	2010
	227
	353
	131
	2
	88

	2011
	263
	451
	155
	3
	97

	2012
	295
	570
	189
	3
	95

	2013
	333
	702
	220
	3
	102

	2014
	369
	865
	254
	2
	108

	2015
	407
	1031
	296
	1
	108

	2016
	430
	1244
	325
	1
	102

	2017
	464
	1437
	358
	1
	103




Justification for k=3 Parameter Choice for Keyword Extraction (Sensitivity Analysis)
The following examples demonstrate the sensitivity analysis for the k parameter in KeyBERT. We compare our chosen k=3 configuration against k=5 and k=8. These examples show that higher k-values consistently introduce conceptual noise and “overprediction,” which dilutes the substantive focus of each paper and would create spurious links in our network. Each example includes the Title and Abstract of a randomly drawn paper from our analysis data, and the extracted keywords using various thresholds (i.e., k =3, 5 , and 8)

Example 1: Self-enhancement and self-stability predict school achievement
DOI: 10.1177/1069397107312956
Abstract:
This article uses as a starting point S. Heine’s hypothesis that higher self-enhancement correlates with self-stability and the combination of the two may predict lower interest in some types of self-improvement. This hypothesis is tested at the ecological level. World Values Survey items are used to demonstrate that there exists a bipolar cultural dimension with two main strongly correlated facets. One of them captures some aspects of self-enhancement versus self-effacement, whereas the other taps self-stability and self-consistency versus self-flexibility. The dimension is statistically and conceptually very close to the previously reported Confucian Dynamism or Long-Term Orientation. It predicts national educational achievement as measured by Trends in International Mathematics and Science Study (TIMSS), Programme for International Student Assessment (PISA), and national illiteracy rates, and the effect is strong even after controlling for gross domestic product (GDP) per person.
Keyword Analysis:
· k=3 (Our Choice): self-actualization, world values survey, self-concept
· k=5: self-actualization, world values survey, self-concept, sociocultural factors, intercultural education
· k=8: self-actualization, world values survey, self-concept, sociocultural factors, intercultural education, individual-level predictors, cultural capital
Rationale:
The k=3 configuration perfectly captures the paper’s core argument. By k=8, the model introduces “cultural capital.” While related, this concept is not central to the paper’s specific hypothesis about self-enhancement and stability, demonstrating the “overprediction” that dilutes conceptual fidelity.

Example 2: International testing: Measuring global standards or reinforcing inequalities
DOI: 10.18848/1447-9494/cgp/v17i09/47269
Abstract:
This paper provides an overview of three international literacy testing programs and discusses some of the issues emerging from the growing influence of these testing programs have on constructions of literacy and numeracy. The three testing programs include the Programme for International Student Achievement (PISA), Trends in International Mathematics and Science Study (TIMSS) and Progress in International Reading Literacy Survey (PIRLS). The paper documents the origins and objectives of the testing programs, participating groups and countries, timing and sequencing of testing, the construction of the tests and the way in which they are reported and interpreted. It explores the way in which these tests have been utilized as proxy indicators for the quality of literacy and numeracy teaching and the way in which countries and school systems have been ranked and responded to those rankings. By scanning literature and commentaries the paper discusses the implications of “high stakes” testing for students, teachers and curriculum, documenting subsequent government policy developments in Australia, England, Germany, Finland and South Africa in response to test results... 
Keyword Analysis:
· k=3 (Our Choice): literacy evaluation, national curricula, curriculum standards
· k=5: literacy evaluation, national curricula, curriculum standards, transnational learning, literacy gap
· k=8: literacy evaluation, national curricula, curriculum standards, transnational learning, literacy gap, admissions tests, international baccalaureate, curriculum reform
Rationale:
This example clearly shows the introduction of spurious concepts. The paper explicitly analyzes PISA, TIMSS, and PIRLS. The concepts “admissions tests” and “international baccalaureate,” introduced at k=8, are factually outside the scope of the article and represent significant noise.

Example 3: The complexities in fostering critical thinking through school-based curriculum innovation
DOI: 10.1080/02188791.2017.1389694
Abstract:
Singapore’s strong performance in international benchmarking studies–Trends in International Mathematics and Science Study (TIMSS) and Programme for International Student Assessment (PISA)–poses a conundrum to researchers who view Singapore’s pedagogy as characterized by the teaching of facts and procedures, and lacking in constructivist learning principles. In this paper, we examine the impact of different curriculum innovations on critical thinking as measured by the Watson-Glaser Critical Thinking Assessment–UK (WGCTA-UK). This includes two innovations that are subject-specific and short-term, one that strongly infuses the arts into the curriculum... and the innovation of the Integrated Programme (IP) which allows academically stronger students to skip the GCE “O” Levels... This paper takes the sociocultural approach to investigate the contexts, process, and outcomes, reports the state of critical thinking, and sheds light on how critical thinking is being promoted. Through our analysis, we find support for the claim that only curriculum that is rigorously designed to foster critical thinking competencies will reap the intended student outcome.
Keyword Analysis:
· k=3 (Our Choice): critical thinking, inquiry-based learning, critical pedagogy
· k=5: critical thinking, inquiry-based learning, critical pedagogy, curricular validity, cross-curricular skills
· k=8: critical thinking, inquiry-based learning, critical pedagogy, curricular validity, cross-curricular skills, curriculum reform, national curricula, educational innovation
Rationale:
Here, the k=3 result is tight and accurate. In contrast, the k=8 configuration adds overly broad concepts like “national curricula” and “educational innovation.” This loss of specificity is problematic, as the paper’s contribution is its specific focus on school-based innovation, not national-level reform. This demonstrates how higher k-values obscure the paper’s unique contribution.

Appendix Table 2: Linear Regression Models for Growth Trends (2002-2017)
	
	Coefficient
(Std. Error)
	p-value 
	R-squared (R²) 

	Paper Growth (%)
	1.688 
(0.126) 
	0.000
	0.928

	Concept Growth (%)
	0.437
(0.109)
	0.001
	0.534




Note: this table supplements Figure 5, and represents the linear relationship between our independent variable, time (Year), and our two dependent variables: (1) Cumulative Paper Growth (%) and (2) Cumulative Concept Growth (%).
