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1 DATASET FROM PATENT ANALYSIS
This chapter provides the complete aggregated count dataset underlying the quantitative patent application analysis described in the main manuscript. The dataset contains annual patent application counts extracted from the PatentInspiration global patent database for the period 2004–2023 and aggregated by country and application domain. The four analysed nanotechnology application domains are healthcare, cosmetics, agriculture and food.
1.1 Healthcare
Table S1: Dataset of nanotechnology patent applications in the healthcare area: ((“nanomaterial” OR “nanomaterials” OR “nanoparticle” OR “nanoparticles” OR “nanocomposite” OR “nanocomposites” OR “nanofiber” OR “nanofibers” OR “nanostructure” OR “nanostructures”) AND (“medicine” OR “pharmacy” OR “healthcare”))
	Year
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	2023

	US 
	2159
	2596
	3539
	3950
	4272
	4570
	5024
	5640
	5982
	6753
	8023
	7825
	9099
	9576
	9790
	10538
	10790
	11480
	10332
	9217

	CA
	86
	58
	97
	157
	170
	187
	242
	271
	245
	274
	356
	267
	374
	324
	350
	444
	437
	500
	446
	404

	JAP
	217
	320
	382
	435
	466
	419
	430
	510
	417
	439
	444
	641
	648
	703
	630
	830
	721
	613
	743
	818

	GER
	247
	402
	445
	546
	612
	493
	563
	600
	572
	515
	613
	559
	976
	775
	801
	853
	786
	952
	875
	660

	IT
	24
	57
	38
	49
	28
	77
	97
	92
	60
	85
	68
	145
	112
	101
	132
	136
	151
	164
	129
	104

	FR
	130
	216
	152
	173
	313
	273
	346
	241
	439
	430
	356
	424
	344
	391
	394
	469
	343
	377
	364
	323

	UK
	159
	162
	203
	228
	331
	296
	318
	384
	422
	440
	567
	417
	619
	629
	703
	636
	618
	611
	491
	467

	BRA
	9
	14
	16
	20
	33
	37
	27
	47
	69
	97
	59
	78
	62
	54
	110
	89
	60
	52
	42
	25

	IND
	11
	29
	34
	20
	33
	43
	97
	82
	74
	219
	147
	117
	80
	136
	77
	106
	119
	151
	100
	80

	RUS
	4
	29
	52
	61
	82
	122
	132
	156
	212
	117
	153
	199
	245
	227
	226
	273
	196
	100
	31
	15

	CHINA
	261
	387
	471
	560
	637
	773
	889
	1288
	1300
	1489
	1747
	1807
	2344
	2820
	3225
	3394
	3365
	4191
	4715
	5647

	SAFR
	0
	2
	2
	2
	0
	6
	0
	14
	7
	10
	8
	21
	9
	4
	7
	9
	0
	0
	11
	7


1.2 Cosmetics
Table S2: Dataset of nanotechnology patent applications in the cosmetics area: ((“nanomaterial” OR “nanomaterials” OR “nanoparticle” OR “nanoparticles” OR “nanocomposite” OR “nanocomposites” OR “nanofiber” OR “nanofibers” OR “nanostructure” OR “nanostructures”) AND (“cosmetics”))
	Year
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	2023

	US 
	622
	846
	1229
	1336
	1079
	1273
	1390
	1620
	1765
	1752
	2040
	2017
	2029
	1862
	1720
	2091
	2086
	2121
	1796
	1564

	CA
	34
	26
	54
	59
	50
	80
	120
	93
	47
	86
	97
	80
	44
	81
	57
	120
	121
	90
	92
	71

	JAP
	161
	284
	246
	274
	285
	263
	227
	232
	296
	296
	265
	365
	393
	454
	429
	583
	493
	432
	361
	380

	GER
	215
	280
	346
	297
	269
	338
	228
	260
	274
	158
	134
	243
	208
	224
	272
	195
	175
	253
	155
	182

	IT
	8
	30
	36
	16
	18
	13
	45
	23
	21
	30
	26
	25
	52
	41
	45
	44
	67
	101
	42
	49

	FR
	305
	404
	385
	336
	307
	338
	297
	265
	269
	298
	241
	217
	181
	190
	212
	212
	183
	164
	198
	198

	UK
	48
	66
	79
	58
	99
	60
	81
	106
	90
	79
	82
	97
	107
	155
	142
	103
	144
	104
	115
	130

	BRA
	3
	7
	2
	9
	26
	43
	14
	38
	31
	37
	54
	47
	54
	35
	49
	66
	51
	30
	30
	18

	IND
	7
	9
	21
	18
	8
	9
	38
	42
	30
	21
	34
	34
	15
	24
	29
	13
	24
	25
	22
	16

	RUS
	3
	14
	16
	16
	13
	19
	21
	19
	34
	17
	12
	17
	26
	30
	23
	41
	26
	14
	4
	4

	CHINA
	62
	67
	78
	92
	107
	116
	149
	194
	183
	178
	239
	198
	280
	346
	388
	439
	347
	469
	392
	432

	SAFR
	0
	2
	1
	2
	0
	1
	0
	0
	0
	2
	0
	3
	5
	0
	0
	3
	0
	0
	4
	3


1.3 Agriculture
Table S3: Dataset of nanotechnology patent applications in the agriculture area: ((“nanomaterial” OR “nanomaterials” OR “nanoparticle” OR “nanoparticles” OR “nanocomposite” OR “nanocomposites” OR “nanofiber” OR “nanofibers” OR “nanostructure” OR “nanostructures”) AND (“agriculture”))
	Year
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	2023

	US 
	381
	643
	753
	757
	677
	775
	894
	963
	1068
	1464
	1438
	1337
	1508
	1645
	1744
	1734
	1926
	1996
	1790
	1773

	CA
	15
	17
	43
	36
	27
	58
	52
	47
	73
	67
	56
	66
	57
	103
	68
	91
	80
	87
	79
	57

	JAP
	41
	92
	104
	106
	94
	142
	127
	161
	209
	185
	146
	214
	178
	230
	280
	353
	259
	398
	272
	357

	GER
	49
	84
	96
	85
	145
	139
	142
	119
	118
	161
	123
	157
	91
	125
	183
	169
	143
	160
	138
	122

	IT
	3
	3
	48
	17
	21
	21
	5
	10
	16
	25
	6
	8
	10
	9
	19
	26
	20
	18
	12
	18

	FR
	14
	19
	13
	19
	23
	68
	56
	68
	93
	71
	64
	72
	65
	65
	64
	62
	52
	73
	61
	46

	UK
	3
	19
	32
	34
	30
	64
	37
	46
	67
	55
	61
	32
	87
	56
	109
	114
	138
	108
	96
	142

	BRA
	2
	0
	3
	8
	13
	19
	13
	22
	18
	27
	19
	30
	22
	22
	51
	56
	48
	34
	17
	9

	IND
	1
	12
	8
	16
	2
	9
	15
	23
	18
	17
	22
	21
	12
	32
	11
	3
	16
	40
	7
	24

	RUS
	0
	3
	9
	5
	10
	13
	9
	21
	18
	12
	23
	18
	33
	25
	41
	58
	60
	26
	9
	3

	CHINA
	30
	44
	49
	84
	101
	88
	147
	144
	213
	302
	342
	365
	497
	505
	609
	718
	617
	834
	775
	959

	SAFR
	0
	2
	0
	2
	0
	0
	2
	1
	2
	0
	5
	5
	8
	8
	1
	2
	4
	0
	4
	3


1.4 Food
Table S4: Dataset of nanotechnology patent applications in the food area: ((“nanomaterial” OR “nanomaterials” OR “nanoparticle” OR “nanoparticles” OR “nanocomposite” OR “nanocomposites” OR “nanofiber” OR “nanofibers” OR “nanostructure” OR “nanostructures”) AND (“food”))
	Year
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	2023

	US 
	1578
	2184
	2818
	2838
	2955
	3147
	3365
	3988
	4148
	4604
	5602
	5524
	5888
	6180
	6347
	6659
	6667
	7176
	6400
	5570

	CA
	72
	52
	113
	138
	91
	119
	166
	212
	199
	195
	266
	211
	198
	278
	267
	344
	332
	383
	293
	252

	JAP
	167
	382
	425
	548
	531
	402
	393
	451
	462
	576
	609
	606
	611
	686
	703
	829
	676
	729
	614
	659

	GER
	236
	302
	318
	399
	422
	371
	427
	409
	421
	394
	351
	439
	697
	599
	682
	650
	634
	709
	568
	423

	IT
	25
	23
	40
	48
	34
	73
	61
	69
	53
	72
	40
	64
	62
	83
	90
	122
	91
	129
	107
	93

	FR
	100
	161
	85
	136
	183
	258
	250
	203
	342
	305
	251
	237
	222
	239
	247
	253
	195
	252
	266
	213

	UK
	101
	104
	153
	143
	164
	213
	156
	201
	243
	222
	240
	242
	315
	376
	429
	375
	458
	344
	382
	336

	BRA
	7
	13
	14
	19
	35
	39
	26
	55
	54
	61
	51
	70
	62
	52
	99
	86
	79
	56
	43
	23

	IND
	8
	23
	49
	33
	25
	35
	86
	60
	65
	93
	84
	82
	56
	49
	47
	50
	82
	92
	68
	81

	RUS
	7
	11
	17
	24
	27
	52
	60
	38
	66
	33
	91
	124
	158
	98
	97
	149
	109
	49
	14
	8

	CHINA
	100
	172
	192
	246
	273
	328
	435
	698
	620
	793
	865
	1030
	1304
	1640
	1750
	2043
	1987
	2357
	2507
	2805

	SAFR
	0
	2
	1
	2
	3
	8
	0
	14
	6
	8
	7
	14
	13
	0
	9
	5
	5
	7
	10
	6



2 METHODOLOGICAL PROCEDURE
This chapter provides the extended methodological procedure supporting the main manuscript. It expands the condensed methodological description in the article and documents the construction of the analytical sample, the operationalization of shock periods, and the PPML specifications used for the inferential analysis.
2.1 Bibliometric identification of application domains
The first research phase identified nanotechnology application domains that were thematically stable in the scholarly literature and suitable for subsequent patent analysis. Following common recommendations for bibliometric mapping of technological fields, the procedure combined Scopus with the citation-oriented Scite aggregator. Scopus served as the primary source for systematic searching of peer-reviewed literature, while Scite was used as a supplementary citation-oriented triangulation tool to examine whether the application domains identified through the primary Scopus search also appeared in broader citation and interpretive contexts. Scite was not used to assess database coverage or retrieval completeness.
The Scopus search was conducted on 2 February 2026 using a Boolean query combining general nanotechnology entities with terms denoting application or sectoral context:
(("nanomaterial" OR "nanomaterials" OR "nanoparticle" OR "nanoparticles" OR "nanocomposite" OR "nanocomposites" OR "nanofiber" OR "nanofibers" OR "nanostructure" OR "nanostructures") AND ("area" OR "application" OR "field" OR "sector" OR "branch"))
The search was limited to peer-reviewed scholarly publications. No time filter was applied, because the aim was not to capture only the most recent developments but to map the application spectrum of nanotechnology over the course of its scholarly development. Scite was then used through three thematically related queries:
 - In which areas are nanotechnologies used?
 - What are the most common industrial and sectoral application areas of nanotechnologies reported in the scientific literature?
 - In which application areas are nanotechnologies most frequently applied across scientific and applied research?
The purpose of Scite was not to replace the database search, but to supplement it with citation-oriented mapping that could capture application contexts not expressed through uniform terminology in bibliographic records. After the outputs from both sources were obtained, thematic consolidation followed. Synonymous or semantically related terms were merged, specialized applications were assigned to broader analytical domains, and isolated occurrences without repeatability across sources were not treated as separate application areas.
Only domains meeting three predefined criteria were retained for the patent phase: identification in Scopus, recurrence in the supplementary citation-oriented mapping, and sufficient continuity of patent activity in the G7 reference group. Patent continuity was operationalized as the absence of two consecutive zero-count years in the twenty-year G7 patent application time series. This criterion was applied to the G7 reference trajectory used for domain selection, not to every individual country series. Smaller patent systems may therefore contain zero or consecutive zero observations. The continuity criterion ensured that an application domain present in the scholarly literature but too weak in patent terms would not automatically be considered suitable for longitudinal modelling. On this basis, healthcare, cosmetics, agriculture and food were selected as the final application domains.
2.2 Patent data and dataset construction
The bibliometric identification of application domains was followed by patent analysis. Its aim was to verify whether the domains identified on the basis of the scientific literature also exhibited continuous technological activity and to create a data basis for the longitudinal and comparative analysis of patent application trajectories. In this study, patent data were used as a proxy indicator of formalized innovation activity.
The patent analysis was conducted using the PatentInspiration database for four application domains of nanotechnology: healthcare, cosmetics, agriculture, and food. PatentInspiration was selected as a unified tool for the extraction and aggregation of patent data because it enables thematic searches in international patent records using Boolean operators, the use of bibliographic information, time filters, patent families, and the construction of time series by country and application domain. This approach enabled the consistent construction of a panel dataset for the comparative analysis of patent activity.
The search strategy followed the bibliometric phase and was based on a combination of general nanotechnology terms and domain-specific keywords. The general query structure was as follows:
(“nanomaterial” OR “nanomaterials” OR “nanoparticle” OR “nanoparticles” OR “nanocomposite” OR “nanocomposites” OR “nanofiber” OR “nanofibers” OR “nanostructure” OR “nanostructures”) AND (domain term).
For the healthcare domain, the following query was used: ((“nanomaterial” OR “nanomaterials” OR “nanoparticle” OR “nanoparticles” OR “nanocomposite” OR “nanocomposites” OR “nanofiber” OR “nanofibers” OR “nanostructure” OR “nanostructures”) AND (“medicine” OR “pharmacy” OR “healthcare”)). For the cosmetics, agriculture, and food domains, the second block of the query was replaced by the corresponding domain-specific terms. In the healthcare domain, semantically related medical and pharmaceutical terms were also included to avoid underestimating patent activity due to terminological variation.
In all cases, the search was conducted in the Title, Abstract, Claims, and Description fields. This procedure made it possible to capture not only patents with an explicit mention in the title or abstract, but also documents in which the nanotechnology application is described in the claims or technical description. Only patents filtered using the option “Show only patents with application date between” were included in the analysis, with the filter applied separately for each year in the period 2004 to 2023. This period makes it possible to observe the development of patent activity before and after the Global Financial Crisis of 2008 to 2009, the COVID-19 pandemic of 2020 to 2021, and the war in Ukraine in 2022 to 2023. The Enable stemming function was also activated, which expands the search to include morphological variants of the keywords. This reduces the risk of excluding relevant patents solely because of different word forms, such as singular and plural forms.
IPC/CPC classifications were treated as bibliographic metadata; a single patent application may carry multiple classification symbols, but these symbols were not treated as separate units of observation in the present analysis. CPC and IPC codes were not used as the primary restrictive filter because the aim of the study was not to define the patent dataset according to a single formal technological class, but to identify documents that explicitly link a nanotechnology solution with a specific application domain. Nanotechnology represents a cross-cutting and enabling technology whose patent documents may be classified across different areas of chemistry, materials engineering, medicine, pharmacy, agriculture, food technology, and biotechnology. The use of CPC or IPC codes as a mandatory inclusion criterion could therefore reduce the completeness of the dataset by excluding relevant documents in which the nanotechnology element is described in the patent text, while the main classification corresponds to another technological or application area. The selected full-text strategy, based on a combination of nanotechnology and domain-specific keywords in the Title, Abstract, Claims, and Description fields, makes it possible to target directly the explicit thematic link between the technology and the application domain under investigation. This procedure was applied consistently across countries, years, and domains, supporting the construction of a comparable panel dataset for the analysis of patent activity. The geographical sample included all seven G7 and the five original BRICS countries: Brazil, India, Russia, China and South Africa. Patent data were aggregated at the year × country × application domain level. The data were extracted on 4 July 2026.
As a supplementary characteristic of the full-text search results, we report the proportion of patents assigned a B82Y code under the Cooperative Patent Classification (CPC). For 2004–2023, including all countries worldwide, this proportion was 4,112 of 296,404 patents (1.39%) in healthcare, 2,982 of 81,717 (3.65%) in cosmetics, 692 of 57,588 (1.20%) in agriculture, and 4,567 of 201,842 (2.26%) in food. These figures describe the overlap between the datasets defined by our full-text queries and patents assigned a CPC B82Y code; they do not measure search error. They refer to worldwide results, rather than only to the countries included in the subsequent comparative analysis.
2.3 Sequential integration of methods
The research design was sequential. The bibliometric phase identified application domains in the scholarly literature, while the patent phase verified their technological relevance and temporal continuity. The final analytical sample was therefore not constructed ad hoc, but emerged from a stepwise filtering process combining literature-based domain presence with sufficient patent continuity in the G7 reference group.
This procedure produced four application domains and twelve countries. The reference group consisted of all G7 countries, whereas the comparison group consisted of Brazil, India, Russia, China and South Africa. The resulting panel provided an analytically comparable basis for assessing changes in patent application activity during selected geopolitical and macroeconomic shocks. The role of the preceding methodological steps was not to provide parallel explanations of the same phenomenon, but to define a set of domains and countries that was both anchored in the literature and suitable for quantitative longitudinal comparison.
2.4 Statistical analysis
To assess whether the selected geopolitical and macroeconomic shocks were associated with changes in nanotechnology innovation trajectories, the study used panel models for count data. The dependent variable was the annual number of patent applications in each country x application-domain x year combination, with the year defined by the patent application date recorded in PatentInspiration. The analysis was conducted for the four application domains healthcare, cosmetics, agriculture, and food, because these domains represent a sectorally comparable and market-exposed set of areas with continuous patent application activity in 2004-2023.
The PPML point estimates were obtained from the specifications described below. For the aggregate event-study and BRICS-G7 DiD models, statistical inference is based on a CR2 cluster-robust covariance matrix with clustering at the country level and Satterthwaite-adjusted degrees of freedom. The country is treated as the independent cluster, allowing errors to be arbitrarily correlated across years within the same country. Because the aggregate models include only 12 countries, the CR2 correction accounts for the small number of clusters. The country-specific PPML specifications include one focal country and seven G7 countries, and therefore only a single treated country cluster; consequently, they are reported solely as descriptive point estimates without p-values.
The statistical analysis was divided into two main steps. First, event-study PPML models tested whether patent application activity in a given domain deviated from its prior trajectory in the shock year and the immediately following year. Second, PPML difference-in-differences models tested whether the responses of the selected BRICS economies differed from the responses of the full G7 benchmark. This two-step strategy separates the overall time-associated break in patent application trajectories from the relative BRICS-G7 difference.
2.5 Shock operationalization
The analysis focused on three disruptive episodes. Each shock was operationalized as a two-year window consisting of the year in which the shock emerged and the immediately following year:
 - Global Financial Crisis: 2008-2009.
 - COVID-19 pandemic: 2020-2021.
 - War in Ukraine: 2022-2023.
This operationalization was selected because patent application activity does not necessarily respond to systemic shocks within a single calendar year. Patent applications result from previous research, administrative preparation, validation processes, and decisions concerning intellectual property protection. The effect of a shock may therefore become visible both in the year of emergence and in the following year. The two-year window also keeps the model specification comparable across the three disruptive episodes.
Local time windows were used for each shock in order to limit the influence of long-term structural changes unrelated to the analyzed episode. The window for the Global Financial Crisis was 2004-2009, the window for COVID-19 was 2016-2021, and the window for the war in Ukraine was 2018-2023. Each local window therefore contains four pre-shock years and two years corresponding to the shock episode.
2.6 Event-study PPML model
The first part of the inferential analysis used an event-study PPML model estimated separately for each application domain and for each shock episode. The dependent variable was the annual number of patent applications y_it, where i denotes the country and t denotes the application year. The model was specified as follows:

where:
 - y_it is the number of patent applications in country i and year t;
 - α_i denotes country fixed effects;
 - γ_i t denotes country-specific linear trends;
 - Shock0_t denotes the shock year;
 - Shock1_t denotes the immediately following year;
 - β_0 and β_1 are the main parameters of interest.
This model estimates whether patent application activity in the shock year and in the following year deviated from the trajectory expected on the basis of the previous local development in each country. Country fixed effects control for time-invariant differences between countries, such as the long-term size of patent systems, research capacities, or institutional environments. Country-specific trends allow each country to follow its own local growth trajectory.
The event-study PPML model is interpreted as a test of time-associated change in patent application trajectories, not as a strong causal estimate. The analyzed shocks are macro-level events affecting several countries simultaneously. The model therefore identifies whether a statistically distinguishable deviation from previous development appears around a given shock, but it does not isolate one specific transmission mechanism.
2.7 PPML difference-in-differences model
The second inferential step examined whether the selected BRICS economies responded differently from the full G7 benchmark. For this purpose, a PPML difference-in-differences specification was used. The reference group consisted of all seven G7 countries, namely the United States, Canada, Japan, Germany, Italy, France, and the United Kingdom. The comparison group consisted of Brazil, India, Russia, China and South Africa. The model was specified as follows:

where:
 - α_i denotes country fixed effects;
 - λ_t denotes year fixed effects;
 - BRICS_i is an indicator for membership in the selected BRICS comparison group;
 - Shock0_t denotes the shock year;
 - Shock1_t denotes the following year;
 - θ_0 and θ_1 capture the additional relative BRICS effect compared with G7.
Unlike the event-study model, this specification includes year fixed effects. This is appropriate because the aim of the DiD specification is not to estimate the general time effect of a shock common to all countries, but to estimate the relative difference between the selected BRICS economies and G7 in the same year. Year fixed effects therefore control for global changes common to the whole panel, while the interaction terms show whether the selected BRICS economies deviate from G7 in a given shock year.
A negative value of θ indicates that the selected BRICS economies responded less favorably than G7, meaning that their patent application activity was relatively lower in the given shock year than that of the reference group. A positive value indicates a relatively more favorable development of BRICS compared with G7.
2.8 Country-specific PPML DiD models
To determine whether an aggregate BRICS effect was shared by all five economies or driven by one specific country, separate country-specific DiD models were estimated for Brazil, India, Russia, China and South Africa. In these models, one BRICS country at a time was compared with the full G7 reference group. The specification was:

where Treat_i denotes Brazil, India, Russia, China or South Africa, depending on the country-specific model. The reference group remains the same in all specifications, namely the seven G7 countries.
Country-specific models were estimated to provide a descriptive decomposition of the aggregate BRICS result. In each specification, one BRICS country is compared with the seven G7 countries. Because the coefficient for the focal country is identified from only a single treated country cluster, these models do not support standard cluster-robust statistical inference, and their results are interpreted solely in terms of the direction and magnitude of the point estimates.
2.9 Transformation and interpretation of coefficients
All model coefficients were transformed into percentage effects using the following expression:

In this expression, β ̂ denotes the relevant estimated coefficient: β_0 or β_1 in the event-study models, and θ_0 or θ_1 in the DiD models. In the event-study models, this transformation expresses the percentage deviation of patent application activity from the expected local pre-shock trajectory. In the DiD models, it expresses the percentage difference between the comparison group and the G7 reference group in the shock year or in the following year.
Negative values in the result tables are interpreted as a relative weakening of patent application activity, while positive values are interpreted as a relatively more favorable development. In the DiD models, this interpretation is always relative to the G7 reference group. For example, a value of -50% for Russia in 2023 means that Russian patent application activity in a given domain was relatively 50% lower than the G7 trajectory in that year, after controlling for fixed differences between countries and common year effects.
Statistical significance was assessed only for the aggregate event-study and BRICS-G7 DiD models using CR2 country-clustered inference with Satterthwaite-adjusted degrees of freedom. Values of p < 0.05 were considered statistically significant. Country-specific estimates were not subjected to separate significance testing and are interpreted only in terms of their direction and magnitude.
2.10 Scope and limitations of inference
Although PPML and DiD specifications substantially improve the inferential framework compared with simple tests of year-on-year growth rates, the interpretation of the results remains deliberately cautious. The study does not aim at strong causal identification of individual mechanisms, because the analyzed shocks are global or geopolitical events that may operate through several channels at the same time. The results therefore provide evidence of time-associated changes in patent application trajectories and relative BRICS-G7 differences, not definitive causal estimates of one isolated mechanism.
A further limitation concerns the nature of patent data. Patent application counts capture only the part of innovation activity formalized through patent applications. Cross-country differences may be affected by national patenting strategies, institutional environments, intellectual property protection, and sectoral patentability. Patent application activity is therefore not a complete measure of innovation performance, but it is a suitable and internationally comparable indicator of applied technological development.
The country-specific DiD decompositions compare one focal BRICS country with the seven G7 countries and contain only a single treated country cluster. Conventional cluster-robust inference is therefore not considered valid for these specifications. The point estimates remain useful for describing the national trajectories underlying the aggregate result, but they do not support p-values or standalone claims of statistical significance for individual countries.
2.11 Link to the research questions
The statistical strategy corresponds to the research questions as follows. RQ2 is assessed using aggregate event-study PPML models with CR2 cluster-robust inference. The aggregate BRICS-G7 DiD model tests group-level differences relevant to RQ3, while the country-specific models only descriptively indicate which national point estimates may contribute to the aggregate pattern.
The methodological framework therefore combines inferential analysis at the aggregate level with a descriptive decomposition of individual countries. It makes it possible to identify which aggregate combinations of shock and application domain exhibit a statistically supported deviation without attributing inferential significance to country-specific point estimates that cannot be reliably established when there is only a single treated country cluster.

