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Abstract 

This study examines the association between international collaboration and web technology adoption by compa‑
nies in Spanish science and technology parks (STPs). Using data from 847 companies and negative binomial regres‑
sion models, we test three hypotheses regarding participation in European R&D networks and digital technology 
adoption. Results confirm that international collaboration is significantly associated with higher web technology 
adoption, with an average difference of €789 monthly in technology spending. Structural access to international 
networks is more strongly linked to adoption compared to relational intensity, suggesting diversity of connections 
outweighs relationship depth. These associations are substantially stronger for conventional web technologies 
than for smart technologies, highlighting the role of technological complexity in shaping diffusion patterns. The 
study provides new theoretical insights by identifying threshold effects and technological heterogeneity, suggesting 
that integrative frameworks must incorporate nonlinearities and specific moderators when combining social network 
theory and innovation diffusion. Practical implications indicate differentiated strategies: international networking 
for conventional technologies and complementary internal capability development for smart technologies. For STP 
managers, results support policies facilitating initial access to European networks rather than intensifying existing col‑
laborations. For policymakers, documented technological spillovers justify investments in international collaboration 
programs, though requiring complementary instruments for complex technologies. Limitations include cross-sec‑
tional design and measurement of formal collaborations only, opening opportunities for future longitudinal research 
with mixed methodologies.
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Introduction
Digital transformation has consolidated as a strategic 
imperative for contemporary enterprises, particularly in 
the post-pandemic context where the adoption of tech-
nologies has experienced unprecedented acceleration. 
This transformation does not occur in an organizational 
vacuum but is profoundly influenced by the collaborative 

networks in which firms are embedded. Science and 
technology parks (STPs), as innovation ecosystems, pro-
vide a privileged context for examining these phenomena 
by concentrating firms with high propensity for interna-
tional collaboration and advanced technology adoption 
[3, 22]. The specific literature on STPs has demonstrated 
that these organizations facilitate knowledge and tech-
nology transfer through dense collaboration networks 
[20], creating conducive conditions for accelerated adop-
tion of technological innovations.

The literature has consistently established that inter-
national collaborations constitute critical mechanisms 
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for accessing frontier knowledge and accelerating 
innovation processes [10]. However, in the era of mas-
sive digitalization, there emerges a need to specifi-
cally understand how these collaborations influence 
the adoption of web technologies, which represent the 
fundamental infrastructure of corporate digital trans-
formation. This understanding is particularly relevant 
for firms located in STPs, where the density of interna-
tional collaborations and competitive pressure for tech-
nological modernization are especially intense.

Despite widespread recognition of the importance of 
collaboration networks for innovation, three significant 
gaps persist in the current literature. First, there exists 
limited understanding of the specific effects of interna-
tional collaboration on web technology adoption, with 
most studies focusing on general innovation or R&D 
without distinguishing specific technology types [5, 8].

Second, the literature presents contradictory results 
regarding whether collaboration benefits derive pri-
marily from initial access to international networks or 
from sustained intensity of these collaborations. While 
some studies suggest positive linear effects of collabo-
ration numbers [1], others identify diminishing returns 
or threshold effects [26]. This theoretical and empirical 
ambiguity limits firms’ capacity to optimize their col-
laboration strategies.

Third, the literature lacks differentiated analyses of 
how international collaboration affects the adoption 
of technologies of varying complexity. The distinction 
between “smart” and “non-smart” technologies has 
emerged as relevant in the digital transformation con-
text [18], but their interaction with international col-
laboration patterns remains unexplored. This omission 
is particularly problematic given that different technol-
ogy types may require distinct transfer and adoption 
mechanisms.

This study aims to examine the relationship between 
international collaboration and web technology adop-
tion by firms located in STPs. Specifically, we seek to: 
(1) determine whether participation in international col-
laborations is associated with web technology adoption; 
(2) evaluate whether access to international networks is 
more strongly associated with adoption than collabora-
tion intensity; and (3) analyze whether these associations 
differ between smart and non-smart technologies.

To address these objectives, we ground our analysis 
in the convergence of social network theory, innovation 
diffusion theory, and the absorptive capacity perspec-
tive as a theoretical lens to interpret how firms assimilate 
external knowledge. We utilize data from firms located in 
STPs, which provide an ideal context for examining these 
phenomena due to their high propensity for international 
collaboration and technology adoption.

This study makes three main contributions to the lit-
erature. Theoretically, we contribute to the debate on 
differential mechanisms through which international net-
works are linked to the adoption of distinct technology 
types. This theoretical integration advances understand-
ing of the conditions under which international collabo-
rations are most effective in supporting corporate digital 
transformation.

Empirically, we provide evidence on the access versus 
intensity debate in collaboration networks, demonstrat-
ing that threshold effects are more relevant than linear 
associations in the context of technology adoption. While 
acknowledging that direct comparisons between these 
dimensions are subject to differences in model specifi-
cations and sample characteristics, our results suggest a 
prioritized role for network access. Additionally, we doc-
ument differential adoption patterns between smart and 
non-smart technologies, contributing to a more nuanced 
understanding of technological heterogeneity in diffusion 
processes.

From a practical perspective, our findings inform cor-
porate strategies for optimizing international collabora-
tion portfolios, suggesting that diversification of network 
access may be more effective than intensification of exist-
ing collaborations. For technology park managers, we 
provide insights on how to facilitate international con-
nections that maximize technology adoption among resi-
dent firms.

The article is structured as follows: Section  "Back-
ground" develops the theoretical framework integrating 
literature on collaboration networks, innovation diffu-
sion, and technology. Section  "Methodology" describes 
the methodology, including study context, data collec-
tion, and analytical strategy. Section  "Results" presents 
empirical results and hypothesis testing. Section "Discus-
sion" discusses theoretical and practical implications of 
the findings, while Sect.  "Conclusions" concludes with 
limitations and directions for future research.

Background
In this section, we present the theoretical arguments that 
describe the hypothesized mechanisms through which 
international collaboration may influence technology 
adoption. It should be noted that while these theoretical 
propositions are often directional, our empirical analysis 
specifically tests associations between these variables, 
consistent with the study’s cross-sectional design.

Collaboration networks in innovation and technology 
adoption
The adoption of emerging technologies by firms consti-
tutes a complex process that transcends internal organi-
zational capabilities. The literature has converged in 
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recognizing that collaboration networks, particularly 
those of international character, are linked to critical 
mechanisms of technological diffusion [10]. However, a 
fragmented understanding persists regarding how these 
networks specifically facilitate technology adoption and 
under what structural conditions they operate most 
effectively.

Social network theory establishes that a firm’s struc-
tural position within a network determines its access to 
resources and knowledge [7, 15]. When firms participate 
in international collaborations, they embed themselves 
in network structures that transcend geographical and 
institutional boundaries, accessing more diverse and 
advanced knowledge pools [12]. Innovation diffusion 
theory [30] complements this perspective by explaining 
that international networks are associated with a faster 
transmission of information about new technologies, 
reducing uncertainty associated with their adoption.

From the absorptive capacity perspective [11], interac-
tion with international partners not only provides access 
to external knowledge but also stimulates the develop-
ment of internal capabilities to identify, assimilate, and 
apply new technologies. This perspective suggests that 
international collaborations are linked to organizational 
learning, where exposure to heterogeneous technological 
practices generates the adaptive pressures and knowledge 
flows required for technological modernization.

However, despite these solid theoretical foundations, 
specific empirical evidence on the relationship between 
international collaborations and web technology adop-
tion remains limited. Existing studies have focused pri-
marily on general innovation or R&D [5, 8], without 
specifically examining how international networks relate 
to the adoption of digital technologies that constitute the 
infrastructure of contemporary business transformation.

In the specific context of STPs, where firms operate 
in ecosystems of high collaborative density and com-
petitive pressure for technological modernization [13, 
22], this relationship acquires particular relevance. STPs 
specifically facilitate access to international knowledge 
networks, acting as intermediaries that reduce search 
and connection costs with global partners [3]. Given 
that web technologies require both specialized technical 
knowledge and understanding of international standards 
and practices, we expect that firms located in STPs with 
access to international collaboration networks will have 
significant advantages in their adoption. Exposure to 
international partners should provide both the necessary 
technical knowledge and competitive pressure to mod-
ernize technological infrastructure.

Based on the convergence of social network theory, 
innovation diffusion theory, and the absorptive capacity 
perspective, we expect a positive relationship between 

participation in international collaborations and web 
technology adoption in STP firms.

Hypothesis 1  Participation in international collabora-
tions is positively associated with web technology adop-
tion in firms located in Science and Technology Parks.

Structural access versus relational intensity in innovation 
networks
A fundamental theoretical debate in the network litera-
ture concerns the relative importance of structural access 
to the network versus the intensity of relationships within 
it. Structural social capital theory [7] argues that the pri-
mary benefits of networks derive from structural position 
that enables access to diverse information and resources, 
rather than from the frequency or intensity of specific 
interactions.

This perspective finds support in weak ties theory [15], 
which establishes that less intense but more diverse con-
nections provide access to non-redundant information 
and novel opportunities. In the context of technology 
adoption, initial access to international networks may 
generate the greatest informational impact, while mar-
ginal increases in collaboration intensity produce dimin-
ishing returns [26].

The knowledge transfer literature suggests that there 
is a threshold effect in network benefits: once access to 
international information channels is established, addi-
tional benefits from intensifying collaborations tend 
to be marginal compared to the initial qualitative leap 
[24]. This threshold mechanism is rooted in the qualita-
tive shift from local isolation to international network 
embeddedness. The first collaboration provides a firm 
with the essential architectural knowledge and commu-
nication protocols required to access global knowledge 
pools. From a structural hole perspective [7], the primary 
benefit lies in the initial bridge to non-redundant infor-
mation. Once this bridge is built, subsequent collabora-
tions within similar R&D ecosystems, such as European 
projects, often provide overlapping information and 
resources, leading to diminishing marginal returns. This 
process occurs because increasing the number of inter-
national partners triggers an attention allocation problem 
where the marginal gain in novel knowledge decreases 
while the managerial costs of coordinating and integrat-
ing diverse sources escalate [31]. This over-search effect 
is particularly prevalent when partners share similar 
institutional backgrounds, as the search space for new 
technological solutions becomes saturated [25]. However, 
these diminishing returns are not uniform and can be 
deferred by high geographic or sectoral diversity. When 
a portfolio includes partners from distinct knowledge 
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pools, the onset of redundancy is delayed, allowing firms 
to sustain benefits from a larger number of ties before the 
costs of complexity outweigh the informational gains. In 
the context of digital adoption, the first international tie 
acts as a window of opportunity that exposes the firm to 
global technological standards, making the mere fact of 
being in the network more critical than the number of 
ties maintained.

Nevertheless, empirical evidence on this debate 
remains mixed, particularly in the specific context of web 
technology adoption. Some studies have found positive 
linear effects of collaboration numbers [1], while others 
identify threshold effects or diminishing returns [14]. 
In the context of firms located in STPs, where network 
density and competition for collaboration resources are 
especially intense [20, 23], this distinction acquires criti-
cal practical relevance.

Given that web technologies constitute standardized 
innovations at the international level, we expect that ini-
tial access to international networks provides the fun-
damental exposure necessary for their adoption, while 
increases in collaboration intensity generate diminish-
ing marginal benefits. Therefore, we anticipate that the 
threshold effect will be more pronounced than linear 
effects in STP firms.

Hypothesis 2  Access to international networks is more 
strongly associated with web technology adoption than 
collaboration intensity in firms located in Science and 
Technology Parks.

Technological heterogeneity and differential diffusion 
patterns
The technological innovation literature has established 
that not all technologies diffuse uniformly through 
organizational networks. The distinction between tech-
nologies of different complexity and sophistication is fun-
damental to understanding adoption patterns. “Smart” 
technologies (based on artificial intelligence, IoT, and 
advanced analytics) present distinctive characteristics 
that affect their diffusion compared to more conventional 
“non-smart” technologies [18].

Technological complexity theory establishes that less 
complex technologies diffuse more rapidly through net-
works due to lower barriers of understanding and imple-
mentation [30]. Non-smart technologies typically require 
less specialized tacit knowledge and present more stand-
ardized implementation processes, facilitating their 
transfer through international collaborations [16]. This 
is because conventional web technologies are character-
ized by high codifiability—their features and implemen-
tation steps can be easily documented in manuals and 

standards—which allows them to be transferred effi-
ciently through formal collaboration channels.

In contrast, smart technologies involve greater archi-
tectural complexity and require more specialized absorp-
tive capacities for effective implementation [11]. Drawing 
on tacit knowledge theory [27], these advanced tech-
nologies often contain a high degree of sticky, tacit infor-
mation that is difficult to codify or express in formal 
documents, which limits their transferability through 
codified channels. While conventional web technologies 
have achieved high levels of standardization and codifia-
bility, allowing them to be transferred efficiently through 
formal channels [16], smart technologies depend more 
intensively on experiential learning and internal capabil-
ity development.

The differential diffusion speed also reflects that non-
smart technologies have achieved greater maturity and 
standardization, facilitating their transmission through 
international network channels [10]. International col-
laborations, therefore, act as more effective catalysts for 
the adoption of already consolidated technologies than 
for emerging high-complexity technologies.

However, empirical evidence on these differential dif-
fusion patterns in the specific context of firms located in 
STPs remains scarce. Although the parks literature has 
established their role as technological transfer facilitators 
[2, 19], few studies have empirically examined how inter-
national collaborations are differentially associated with 
the adoption of web technologies of different complexi-
ties in these high innovation density ecosystems.

In the STP context, where firms face intense competi-
tive pressures for technological modernization and have 
access to international collaboration resources, we expect 
these differential effects to be particularly pronounced. 
Specifically, non-smart technologies, characterized by 
higher knowledge codifiability and lower tacit knowledge 
requirements, should be more directly linked to access 
to international networks, whereas smart technolo-
gies, due to their lower codifiability and reliance on tacit 
knowledge, require more complex and sustained transfer 
processes involving experiential learning and capability 
building.

Hypothesis 3  International collaboration is more 
strongly associated with the adoption of non-smart tech-
nologies than with the adoption of smart technologies in 
firms located in Science and Technology Parks.

In summary, the conceptual framework in Fig. 1 inte-
grates these theoretical perspectives into a unified model 
of international collaboration and web technology adop-
tion. The general association between international par-
ticipation and adoption (H1) is grounded in innovation 
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diffusion theory, where international exposure facilitates 
awareness of global technological standards. The distinc-
tion between structural access and relational intensity 
(H2) reflects the structural hole perspective [7], suggest-
ing that the initial qualitative leap of entering a network 
provides greater informational benefits than marginal 
increases in tie frequency. Finally, the differentiated asso-
ciations for smart and non-smart technologies (H3) are 
rooted in absorptive capacity and tacit knowledge the-
ory, proposing that international collaboration is more 
strongly linked to the adoption of standardized technolo-
gies than to complex systems requiring deeper internal 
organizational adjustments.

Methodology
The study sample comprises 4,086 firms located in 56 
STPs in Spain, identified from the official website of 
APTE (Association of Science and Technology Parks of 
Spain). Of this total, 450 firms (11% of the sample) have 
participated in at least one collaboration in European 
projects.

Information on collaborations was obtained by con-
sulting the CORDIS (Community Research and Devel-
opment Information Service) database of the European 
Commission, which records projects funded under 
European R&D&I programs. A total of 969 unique col-
laboration pairs between sample firms were identi-
fied, corresponding to joint participations in European 
projects.

From the information extracted from CORDIS, an 
undirected network was constructed where each node 
represents a firm, and each edge indicates the exist-
ence of at least one collaboration in European projects 
between two sample firms. For each pair of collaborat-
ing firms, the relationship was recorded as a single edge, 
regardless of the number of shared projects.

The network analysis focused on the 450 firms that 
have participated in at least one collaboration, generat-
ing a total of 969 unique collaboration pairs (edges). The 
resulting network was analyzed using Python’s NetworkX 
library, enabling calculation of global metrics (number of 
nodes, number of edges, density, and average degree) as 
well as centrality metrics (degree, betweenness, eigenvec-
tor, and closeness).

From the network analysis, international collaboration 
variables were constructed. The dichotomous variable 
Collab identifies whether the firm has participated in at 
least one European collaboration, while CollabDegree 
quantifies the total number of collaborations. Addition-
ally, centrality metrics were calculated to capture differ-
ent dimensions of each firm’s structural positioning in 
the collaboration network.

Connected components of the network were also iden-
tified, and the Louvain algorithm was applied for com-
munity detection using the Python NetworkX (version 
2.9.1) and python-Louvain (version 0.16) libraries with 
a resolution parameter of 1.0. To ensure reproducibility, 
the algorithm was executed with a fixed random seed 
(seed = 42). This analysis aimed to examine the modular 
structure and the presence of collaboration subgroups 
within the STP firm ecosystem.

The web technological profile of each firm was char-
acterized from data obtained through the BuiltWith 
platform, which enables identification of web tech-
nologies implemented in firm domains [28]. The use 
of BuiltWith provides an objective, non-survey-based 
assessment of a firm’s digital footprint, capturing the 
organizational learning capacity, and the strategic pri-
oritization of digital capabilities. The total number of 
web technologies identified (TechAdoption) serves as a 
valid proxy for digital adoption intensity, as it reflects 
the breadth and complexity of the digital tools, a firm 

Fig. 1  Conceptual framework of international collaboration and web technology adoption
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has integrated into its operations—ranging from analyt-
ics and hosting to security and marketing automation.

The analysis focused on 2,854 firms with available 
websites, a necessary condition for technological char-
acterization. However, we acknowledge potential meas-
urement biases inherent in web-scraping tools. First, 
BuiltWith primarily detects technologies visible on the 
firm’s public-facing website, which may underestimate 
internal back-end systems. Second, the quality and 
maintenance of the firm’s website could influence the 
results, as outdated or poorly managed sites might not 
fully reflect the firm’s actual technological capabilities. 
While this could introduce a systematic bias if poorly 
maintained websites cluster among smaller or less 
internationalized firms, we mitigate this risk by explic-
itly controlling for firm size, age, and high-tech sector 
membership in all multivariate models. Despite these 
limitations, BuiltWith remains one of the most reliable 
and widely used sources for large-scale, cross-sectional 
studies of digital adoption.

For each firm with an available website, detected tech-
nologies were collected and classified into two broad 
categories: smart technologies and non-smart technolo-
gies. To ensure transparency in this classification, we 
conducted a functional review of the tools identified 
by BuiltWith. Technologies were classified as smart if 
they explicitly integrated advanced capabilities such as 
machine learning, predictive analytics, natural language 
processing (e.g., chatbots), or complex marketing auto-
mation. We acknowledge the existence of borderline 
cases, such as certain CRM or analytical tools that offer 
both basic and advanced features. In these instances, 
we adopted a conservative criterion, classifying them as 
smart only when their core value proposition was cen-
tered on autonomous or intelligent data processing. 
This manual verification process was intended to mini-
mize misclassification and ensure that the SmartTech 
variable accurately reflects higher levels of technological 
sophistication.

From this information, the following variables were 
constructed for analysis: (1) TechAdoption (total number 
of web technologies detected per firm); (2) SmartTech 
(number of smart technologies detected); (3) NonSmart-
Tech (number of non-smart technologies detected); (4) 
TechSpend (monthly expenditure on web technologies); 
and (5) SmartTechIndex (proportion of smart technolo-
gies over total web technologies detected per firm).

Additionally, control variables were included: firm size 
(standardized number of employees), age, and member-
ship in high-tech sector. These variables enable analy-
sis of both intensity and technological sophistication of 
firms, as well as their relationship with collaboration in 
European projects (see Table 1).

The statistical analysis was structured in several com-
plementary stages. First, descriptive and exploratory 
analyses were conducted to characterize the sample and 
main variables of interest, including distributions, means, 
medians, and standard deviations. Bivariate correlations 
were calculated, and scatter plots were developed to 
explore the relationship between collaboration and dif-
ferent technological indicators.

Subsequently, mean comparisons (t-tests) were con-
ducted between collaborating and non-collaborating 
firms, with the objective of identifying significant differ-
ences in technological adoption levels.

To analyze in depth the effect of collaboration on tech-
nology adoption and expenditure, various regression 
models were estimated. Ordinary least squares (OLS) 
models were employed, both with dependent variables 
in original scale and logarithmically transformed, as well 
as count models (Poisson and negative binomial) for dis-
crete variables. Two main approaches for collaboration 
were considered: a dichotomous variable (participation 
or not in collaborations, Collab) and a continuous vari-
able (number of collaborations, CollabDegree).

All models included controls for firm size, age, and 
membership in high-tech sector. Robustness analyses 
were conducted, including different specifications, to val-
idate result consistency.

It should be noted that this study adopts an associa-
tional approach to analyzing the relationship between 
international collaboration and technology adoption. 
Given the cross-sectional nature of the data and the 
potential for self-selection—where firms with higher 
latent technological capabilities may be more likely to 
participate in European projects—we do not claim to 
establish causal effects. Our econometric strategy, while 
including key organizational controls, focuses on identi-
fying robust associations while acknowledging the limi-
tations imposed by unobserved firm-level heterogeneity.

Table 1  Variable names and definitions

Variable Definition

TechAdoption Total number of web technologies detected per firm

SmartTech Number of smart technologies detected

NonSmartTech Number of non-smart technologies detected

TechSpend Monthly expenditure on web technologies

SmartTechIndex Proportion of smart technologies over total web tech‑
nologies detected per firm

Collab 1 if participates in European collaborations, 0 otherwise

CollabDegree Total number of collaborations in European projects

FirmSize Number of firm employees (standardized)

FirmAge Firm age (years)

HighTechSector 1 if belongs to high-tech sector, 0 otherwise
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Results
Collaboration network analysis
Of the 4,086 firms identified in Spanish STPs, 450 firms 
(11% of the sample) have participated in at least one col-
laboration in European projects, generating a network of 
969 unique collaborations (firm pairs).

To validate the construct of international collaboration 
and to provide contextual background for the study, we 
have conducted a network analysis. The resulting net-
work (see Table 2) presents low density (0.0096), indicat-
ing that most firms do not collaborate directly with each 
other. The average degree is 4.32, meaning each collabo-
rating firm maintains, on average, relationships between 
4 and 5 firms. Component analysis reveals that the net-
work is composed of 20 connected components, with the 
main component grouping 408 firms (over 90% of col-
laborators), suggesting a highly cohesive collaboration 
ecosystem.

Community detection using the Louvain algorithm 
identifies 31 communities (see Fig. 2), with sizes ranging 
from small pairs to groups of 30–80 firms.

Overall, these results evidence the existence of hubs 
that not only concentrate a high number of collabora-
tions but also play a key role in network integration and 
cohesion, acting as bridges and facilitators of knowledge 
and resource diffusion among firms.

Relationship between collaboration and technology 
adoption
The comparative analysis between collaborating and 
non-collaborating firms reveals significant differences 
in web technology adoption and expenditure levels 
(see Table  3). Firms that have participated in collabora-
tions in European projects present, on average, greater 
technological intensity (total number of web technolo-
gies adopted), higher estimated monthly expenditure 
on web technologies, and a greater number of smart 

technologies implemented, compared to those that have 
not collaborated.

Mean comparison tests (t-tests) confirm that these 
differences are statistically significant for most techno-
logical indicators (see Table 4): TechIntensity (t = − 3.56, 
p = 0.000), TechSpend (t = − 2.72, p = 0.007), SmartTech 
(t = − 2.84, p = 0.005), and NonSmartTech (t = − 3.61, 
p = 0.000). However, no significant difference is observed 
for SmartTechIndex (t = − 1.75, p = 0.080).

The baseline regression models (see Tables  5 and 6) 
show that collaboration in European projects is asso-
ciated with greater adoption and expenditure on web 
technologies. The Collab coefficient is positive and sig-
nificant across all dependent variables: collaborating 
firms exhibit, on average, 45.5 more web technologies, 
spend almost €800 more per month on web technolo-
gies, and show a higher adoption of both more smart 
(+ 4.4) and non-smart (+ 41.2) technologies, compared to 
non-collaborators.

The R2 values are low (0.005–0.010), which is under-
standable given that technology adoption is a complex 
organizational behavior influenced by numerous unob-
served factors, such as internal culture, managerial pref-
erences, or specific budgetary constraints. However, the 
focus of this analysis is not to maximize explained vari-
ance but to isolate the specific association between inter-
national collaboration and adoption. In this sense, the 
high significance and magnitude of the coefficients rein-
force the robustness of the observed associations.

When introducing controls for firm size (standardized 
employees), age, and membership in high-tech sector 

Table 2  Descriptive metrics of the collaboration network

Metric Value

Number of firms (nodes) 450

Number of collaborations (edges) 969

Network density 0.0096

Average degree 4.32

Maximum degree 103

Minimum degree 1

Number of components 20

Main component size 408

Number of communities (Louvain) 31

Fig. 2  Network of collaborations by community or cluster
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(see Tables  5 and 6), the collaboration effect remains 
positive and statistically significant across all dependent 
variables. For example, in the case of technological inten-
sity, collaborating firms present, on average, 18.8 more 
web technologies than non-collaborators (p < 0.01), after 
controlling for other factors. Similarly, the link between 
collaboration and monthly web technology expendi-
ture (B = 337.7; p < 0.05), number of smart technologies 
(B = 2.13; p < 0.01), and non-smart technologies (B = 16.7; 
p < 0.01) remains significant.

The controls included in the models also show positive 
and significant associations: larger, older firms belonging 
to high-tech sectors tend to adopt and spend more on 
web technologies. The inclusion of these controls notably 
increases the explanatory power of models (R2 between 
0.042 and 0.057), although values remain modest. These 
values are consistent with empirical benchmarks in firm-
level digital adoption, where R2 often remains limited due 
to unobserved organizational factors; for instance, Chen 
et  al. [9] and Hanelt et  al. [17] report similarly modest 
explained variance in models of digital transformation 
and innovation. As previously noted, the contribution 
of this study lies in identifying specific diffusion mecha-
nisms rather than providing a full explanatory model of 
adoption behavior.

Overall, these results reinforce the idea that interna-
tional collaboration is a key factor associated with tech-
nological intensification in the STP context, even when 
considering other relevant firm characteristics.

To further explore the nature of this relationship, we 
examined whether the intensity of collaboration (num-
ber of projects) provides additional benefits beyond mere 

Table 3  Comparison of means and medians of technological indicators by participation in European collaborations

Variable SmartTech Index TechAdoption TechSpend SmartTech NonSmartTech

Mean
(no collab)

0.046 88.85 996.35 5.82 83.03

Mean
(with collab)

0.051 134.36 1785.42 10.18 124.18

Median
(no collab)

0.031 54.0 66.0 2.0 52.0

Median
(with collab)

0.042 75.0 278.5 3.0 74.5

Table 4  T-test results for mean comparison (collaborators vs. 
non-collaborators)

***p < 0.001, **p < 0.01, *p < 0.05

Variable Mean (no collab) Mean (with collab) t

SmartTechIndex 0.05 0.05 − 1.75

TechAdoption 88.85 134.36 − 3.56***

TechSpend 996.35 1785.42 − 2.72**

SmartTech 5.82 10.18 − 2.84**

NonSmartTech 83.03 124.18 − 3.61***

Table 5  Models for TechAdoption and TechSpend 

Standard errors in parentheses. ***p < 0.001, **p < 0.01, *p < 0.05

TechAdoption TechSpend

base
(1)

Controls
(2)

base
(3)

Controls
(4)

Collab 45.51***
(8.61)

18.84**
(6.40)

789.07***
(202.22)

337.74*
(153.57)

FirmSize (std) 14.49***
(2.27)

252.02***
(54.46)

FirmAge 1.50***
(0.16)

35.44***
(3.76)

HighTechSector 19.36***
(4.77)

291.29*
(114.36)

Constant 88.85***
(2.44)

50.28***
(4.55)

996.35***
(57.40)

147.49
(109.08)

N 2,855 2,854 2,855 2,854

R2 0.010 0.057 0.005 0.044

Table 6  Models for SmartTech and NonSmartTech 

Standard errors in parentheses. ***p < 0.001, **p < 0.01, *p < 0.05

SmartTech NonSmartTech

base
(5)

Controls
(6)

base
(7)

Controls
(8)

Collab 4.35***
(1.00)

2.13**
(0.76)

41.15***
(7.82)

16.70**
(5.79)

FirmSize (std) 1.05***
(0.27)

13.43***
(2.05)

FirmAge 0.17***
(0.02)

1.32***
(0.14)

HighTechSector 1.17*
(0.57)

18.19***
(4.31)

Constant 5.82***
(0.28)

1.72**
(0.54)

83.03***
(2.22)

48.55***
(4.11)

N 2,855 2,854 2,855 2,854

R2 0.007 0.042 0.010 0.057
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participation (H2). The results, presented in Table  7, 
show that the CollabDegree coefficient is not statistically 
significant for any of the dependent variables analyzed 
(technological intensity, expenditure, smart and non-
smart technologies) once firm size, age, and sector are 
controlled for.

These findings suggest that, while participation in 
international collaborations is associated with higher lev-
els of technology adoption (as shown in Tables 5 and 6), 
increases in the number of collaborations do not neces-
sarily correlate with additional technological benefits. In 
other words, the positive association appears to be linked 
primarily to the fact of participating in the international 
project network, rather than to the intensity or frequency 
of such participation.

However, a nuanced interpretation of this threshold 
effect is required. It is important to note that the mod-
els testing the association with CollabDegree (Table  7) 
are estimated on the subsample of collaborating firms 
(n = 430), which is approximately 85% smaller than the 
full sample used for the binary variable (n = 2,854). This 
significant reduction in sample size decreases statistical 
power and may partly explain the lack of significance for 
CollabDegree, independent of the hypothesized thresh-
old mechanism. Consequently, while these results are 
relevant from a management perspective suggesting that 
access to networks may be sufficient to be linked with 
technology adoption, the evidence for H2 is interpreted 
as suggestive, acknowledging these power differentials.

Interestingly, the pattern of control variables in the 
collaborating subsample (Table  7) differs from the full 
sample models. While HighTechSector is a strong predic-
tor in the general population, it becomes non-significant 
among collaborating firms. Conversely, FirmAge remains 

highly significant across all specifications in Table 7. This 
suggests that within the restricted group of collabora-
tors—who likely share a high baseline of technological 
orientation—sectoral differences are less relevant than 
organizational maturity. For these firms, accumulated 
experience and established internal routines, captured by 
firm age, appear to be the primary drivers of technology 
adoption beyond the initial network access.

To check the robustness of results, additional models 
were estimated using logarithmic transformation of the 
dependent variables for technological intensity and web 
technology expenditure. The results presented in Table 7 
confirm the solidity of the main findings.

In the case of technological intensity 
(log(TechAdoption)), the Collab variable maintains a 
positive and significant association (B = 0.175; p = 0.001), 
indicating that collaborating firms present, on average, 
19% more technological intensity than non-collaborators, 
after controlling for size, age, and sector. Similarly, for 
web technology expenditure (log(TechSpend)), the Col-
lab coefficient is also positive and significant (B = 0.39; 
p = 0.013), reflecting an approximate 48% difference in 
monthly web technology expenditure associated with 
international collaboration.

The controls included in the models (standardized firm 
size, age, and high-tech sector) maintain positive and sig-
nificant links, in line with the main models. The explana-
tory power of the models (R2 ≈ 0.045) is similar to that of 
models with original variables, reinforcing the robustness 
of the relationship between collaboration and technology 
adoption.

These results confirm that the positive association 
between collaboration and technology adoption does 
not depend on the measurement scale of dependent 
variables and is maintained even under logarithmic 
transformations.

As an additional robustness test, count models (Poisson 
and Negative Binomial) were estimated for the depend-
ent variables SmartTech and NonSmartTech. The results 
presented in Table 8 confirm the solidity of the relation-
ship between international collaboration and technology 
adoption.

In all models, the Collab variable maintains a posi-
tive and statistically significant link with the number of 
smart and non-smart technologies adopted. In the Pois-
son model for SmartTech, the Collab coefficient is 0.28 
(p < 0.001), implying that collaborating firms show, on 
average, 32% more smart technologies adopted than non-
collaborators (exp(0.28) ≈ 1.32). This pattern is main-
tained in the negative binomial model (B = 0.17; p < 0.01), 
although with a smaller magnitude (exp(0.17) ≈ 1.19).

Similarly, for NonSmartTech, the Collab coefficient 
is 0.17 in the Poisson model (p < 0.001) and 0.12 in the 

Table 7  Robustness models: effect of number of collaborations 
(CollabDegree) on technology adoption

Standard errors in parentheses. ***p < 0.001, **p < 0.01, *p < 0.05

TechAdoption TechSpend SmartTech NonSmartTech

Collab‑
Degree

0.02
(0.03)

0.63
(0.63)

0.00
(0.00)

0.02
(0.02)

Firm‑
Size 
(std)

11.20**
(4.03)

119.22
(99.14)

0.82
(0.49)

10.38**
(3.60)

Fir‑
mAge

3.34***
(0.47)

60.65***
(11.46)

0.38***
(0.06)

2.96***
(0.42)

HighT‑
echSec‑
tor

15.84
(15.29)

399.73
(376.53)

1.18
(1.87)

14.65
(13.65)

Con‑
stant

30.19
(16.17)

−153.13
(398.40)

−0.49
(1.98)

30.68*
(14.45)

N 430 430 430 430

R2 0.140 0.075 0.109 0.141
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negative binomial model (p < 0.05), equivalent to dif-
ferences of 19% and 13%, respectively, in the number of 
non-smart technologies adopted by collaborating firms.

The controls included in the models (standardized 
firm size, age, and high-tech sector) also show positive 
and significant associations, in line with the OLS model 
results.

Overall, these robustness analyses reinforce the evi-
dence that international collaboration constitutes a rel-
evant factor linked to the technological intensification of 
firms, both in the adoption of smart and non-smart tech-
nologies, and that this relationship is maintained under 
different statistical specifications (Table 9).

Discussion
The results reveal a consistent and robust pattern: par-
ticipation in international collaborations is significantly 
associated with higher levels of web technology adoption 

in STP firms. This association is maintained after con-
trolling fundamental organizational characteristics and 
is especially pronounced for conventional technologies 
compared to smart technologies.

The results provide strong support for our first hypoth-
esis: participation in international collaborations is sig-
nificantly linked to web technology adoption in Spanish 
STP firms. This relationship, which is maintained after 
controlling for fundamental organizational characteris-
tics such as size, age, and technological sector, provides 
solid empirical evidence on the role of international net-
works as technological diffusion mechanisms. The mag-
nitude of the association is considerable: collaborating 
firms adopt on average 45.5 additional web technologies 
and spend €789 more per month on technology, repre-
senting a substantial difference in their technological 
capacity.

These findings are consistent with absorptive capacity 
theory, defined by Cohen and Levinthal [11] as a firm’s 
ability to recognize the value of new external informa-
tion, assimilate it, and apply it for commercial purposes. 
Exposure to international partners not only provides 
access to external knowledge but also may stimulate the 
development of internal capabilities to identify, assimi-
late, and apply new web technologies. Our results extend 
previous evidence on the positive links between inter-
national collaboration and innovation to the specific 
domain of digital technology adoption, complementing 
studies that have documented these associations in other 
organizational contexts [4, 29].

In the specific context of STPs, where firms operate in 
high collaborative density ecosystems, these results are 
particularly relevant. As established by Löfsten and Lin-
delöf [22], STPs provide an important resource network 
for technology-based firms, specifically facilitating access 
to international knowledge networks and acting as inter-
mediaries that reduce search and connection costs with 
global partners. The technology parks literature has con-
sistently established their role as technological transfer 
facilitators [2], and our findings suggest that this rela-
tionship extends specifically to web technology adoption 
through international collaborations.

One of our most revealing findings provides suggestive 
evidence for the second hypothesis regarding the pri-
macy of structural access over relational intensity. While 
the dichotomous participation variable shows robust and 
consistent associations, models based on the number of 
collaborations (CollabDegree) do not reach statistical 
significance. This potential threshold effect suggests that 
primary benefits may derive from initial access to diverse 
information and resources, rather than from the inten-
sification of specific relationships. However, we must 
interpret this result with caution; the non-significance 

Table 8  Robustness models: OLS regression with logarithmic 
transformation

Standard errors in parentheses. ***p < 0.001, **p < 0.01, *p < 0.05

log(TechAdoption) log(TechSpend)

Collab 0.18**
(0.06)

0.39*
(0.16)

FirmSize (std) 0.10***
(0.02)

0.31***
(0.06)

FirmAge 0.01***
(0.00)

0.03***
(0.00)

HighTechSector 0.22***
(0.04)

0.56***
(0.12)

Constant 3.67***
(0.04)

3.17***
(0.11)

N 2,854 2,854

R2 0.046 0.045

Table 9  Robustness models: poisson and negative binomial for 
smart and non-smart technologies

Standard errors in parentheses. ***p < 0.001, **p < 0.01, *p < 0.05

SmartTech NonSmartTech

Poisson Neg. bin Poisson Neg. bin

Collab 0.28***
(0.02)

0.17**
(0.06)

0.17***
(0.01)

0.12*
(0.05)

FirmSize (std) 0.07***
(0.00)

0.30***
(0.02)

0.07***
(0.00)

0.19***
(0.02)

FirmAge 0.02***
(0.00)

0.02***
(0.00)

0.01***
(0.00)

0.01***
(0.00)

HighTechSector 0.19***
(0.02)

0.15***
(0.04)

0.21***
(0.00)

0.19***
(0.04)

Constant 1.23***
(0.01)

1.23***
(0.04)

4.05***
(0.00)

4.09***
(0.04)

N 2,854 2,854 2,854 2,854
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of intensity could be partially attributed to the reduced 
statistical power of the collaborating subsample (n = 430). 
Despite this limitation, the findings point toward a pat-
tern where, once access to European R&D networks is 
established, marginal associations with additional col-
laborations appear limited, which has important strategic 
implications for collaboration portfolio management in 
STP firms.

This pattern is consistent with structural holes the-
ory developed by [7], which emphasizes how brokerage 
positions in networks provide competitive advantages 
through access to non-redundant information. It also 
aligns with Granovetter’s [15] weak ties perspective, who 
demonstrated that casual connections provide access to 
non-redundant information and novel opportunities. In 
the context of our study, international collaborations may 
function as weak ties that connect firms with knowledge 
networks external to their local circles, providing critical 
exposure to new technological paradigms.

The results regarding our third hypothesis provide sig-
nificant theoretical insights on differential technologi-
cal diffusion mechanisms. International collaboration is 
associated differently according to technology type: 
the association is stronger for non-smart technologies 
than for smart technologies. This magnitude difference 
reflects that non-smart technologies presenting lower 
barriers of understanding and implementation and tend 
to diffuse more efficiently through international collabo-
ration networks, while smart technologies require greater 
tacit knowledge and specialized absorptive capacities.

This differential pattern is consistent with the techno-
logical complexity literature, which establishes that less 
complex technologies diffuse more rapidly through net-
works due to lower barriers of understanding and imple-
mentation [30]. Technologies with greater complexity 
require more intensive learning processes and specialized 
absorptive capacities, limiting their diffusion through 
collaboration networks [6, 21]. This differential pattern 
explains why non-smart technologies, which typically 
require less specialized tacit knowledge and present 
more standardized implementation processes, appear to 
be more easily transferred through international collabo-
rations. In contrast, smart technologies involve greater 
architectural complexity and depend more intensively 
on experiential learning, limiting diffusion’s effectiveness 
through collaboration networks.

In the specific context of firms located in STPs, where 
network density and competition for collaboration 
resources are especially intense, these results suggest 
that firms can benefit significantly from international col-
laborations to adopt conventional web technologies but 
need to develop more specialized and sustained strate-
gies for advanced smart technologies. As indicated by the 

STP literature [3], the effectiveness of these ecosystems 
as innovation policy instruments depends on their capac-
ity to facilitate different types of technological transfer 
according to the specific characteristics of the technolo-
gies involved.

Theoretical and practical implications
This study contributes theoretically to an integrative 
model combining social network theory, innovation 
diffusion, and absorptive capacity to explain technol-
ogy adoption in high-density collaborative ecosystems 
like STPs. The evidence on threshold effects—where 
structural access is more closely linked to adoption 
than relational intensity—reveals that theoretical mod-
els must incorporate nonlinearities in network benefits. 
The empirical distinction between smart and conven-
tional technologies demonstrates that diffusion theo-
ries must explicitly consider technological complexity 
and tacit knowledge requirements as moderators of the 
relationship between networks and adoption, extending 
traditional frameworks that assume homogeneous col-
laboration effects. These theoretical contributions have 
important implications for developing more precise con-
ceptual frameworks at the intersection between inter-
national collaboration networks and digital technology 
adoption.

These insights have direct practical implications. For 
business managers, the results suggest that participa-
tion in international R&D networks is associated with 
technological modernization, particularly conventional 
web technologies. However, smart technology adop-
tion may require complementary strategies focused on 
internal capability development and more intensive and 
sustained learning processes. For STP managers, the 
findings indicate that facilitating initial access to Euro-
pean R&D networks may be more effective than promot-
ing the intensification of existing collaborations. Policies 
could therefore focus on reducing entry barriers to inter-
national programs and facilitating initial connections 
between resident firms and European networks, lever-
aging the intermediation role that characterizes STPs 
as technological transfer facilitators. For policy makers, 
the evidence suggests that international collaboration 
promotion programs are linked to significant techno-
logical spillovers, justifying public investments in these 
instruments. However, differential associations between 
technology types suggest the need for complementary 
instruments for more complex technologies, including 
specific programs for developing absorptive capacities 
for smart technologies.

It is important to note that these recommenda-
tions would benefit from further confirmation through 
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experimental or quasi-experimental research designs to 
establish causal effects.

Limitations
This study presents several limitations that must be 
considered in the interpretation of results. First, cross-
sectional design limits causal inferences. Although 
the robustness of results under multiple specifications 
increases confidence in the findings, endogeneity and 
self-selection remain significant concerns. Firms that par-
ticipate in international collaborations are not randomly 
selected; they may possess unobserved characteristics—
such as a proactive managerial orientation, strategic 
vision, or higher baseline R&D intensity—that simulta-
neously drive both network participation and technol-
ogy adoption. While we control firm size, age, and sector, 
these are proxies that cannot fully account for such unob-
served heterogeneity. Consequently, our results should 
be interpreted as associations rather than definitive 
causal impacts. Second, collaboration measurement is 
based exclusively on formal European projects identified 
through the CORDIS database. While this ensures data 
objectivity and verifiability, it potentially underestimates 
informal collaborations, local partnerships, or interna-
tional ties with partners outside the European Union 
(e.g., USA or Asia) that could also show similar links 
with technology adoption. Third, the smart/non-smart 
technology classification, although based on established 
criteria, may not fully capture heterogeneity within each 
category and technological complexity. Fourth, the spe-
cific context of Spanish STPs may limit generalization to 
other innovation ecosystems or geographical contexts 
with different institutional characteristics. Finally, the 
absence of variables on internal absorptive capacities lim-
its understanding of mediating mechanisms, although 
the organizational controls included partially mitigate 
this limitation.

Future research
Future research should adopt longitudinal designs to bet-
ter understand the direction of the relationship between 
collaboration and technology adoption. Furthermore, 
while our models control for key organizational charac-
teristics, we acknowledge that unobserved factors such as 
managerial quality, strategic orientation toward innova-
tion, or organizational culture could simultaneously drive 
both the decision to collaborate and the adoption of new 
technologies. Future studies employing experimental or 
quasi-experimental designs would be valuable to disen-
tangle these alternative explanations and establish clearer 
causal pathways.

Analysis of mediating mechanisms, particularly 
absorptive capacities and knowledge transfer, would 

provide deeper insights into how network associations 
operate and explain the differential patterns observed 
between smart and non-smart technologies.

Extending the analysis to other geographical and insti-
tutional contexts, including STPs in different European 
countries and alternative innovation ecosystems, would 
allow evaluation of the generalization of findings. Addi-
tionally, analysis of heterogeneous effects by firm charac-
teristics (size, sector, and prior capabilities) could identify 
boundary conditions for the observed effects and develop 
more precise typologies of beneficiary firms.

Finally, research on informal collaborations and tacit 
knowledge networks would complement the current 
understanding based on formal collaborations, providing 
a more complete perspective on innovation ecosystems 
and the technological diffusion processes that operate 
within them. Future studies could benefit from combin-
ing formal database records with survey data to capture 
a broader spectrum of collaborative activities, including 
partnerships with non-European actors and informal 
knowledge exchange.

Conclusions
This study has examined the relationship between of 
international collaboration and web technology adoption 
by firms located in Spanish STPs, providing empirical 
evidence on a phenomenon of growing relevance in the 
digital economy. The findings suggest that participation 
in international R&D networks is associated with busi-
ness technological modernization, although with differ-
entiated patterns according to technology type.

The support found for the three main hypotheses pro-
vides significant contributions to existing knowledge. 
First, a positive and robust association is established 
between international collaboration and technology 
adoption, where international collaboration is linked 
to average differences of €789 monthly in technology 
expenditure. Second, it is observed that structural access 
to international networks is more strongly associated 
with adoption than relational intensity, suggesting that 
diversity of connections may be more relevant than their 
depth. Third, it is documented that these associations are 
notably more pronounced for conventional technologies 
than for smart technologies, suggesting that the effective-
ness of international networks as diffusion mechanisms 
varies significantly depending on the complexity of the 
technology involved.

From a theoretical perspective, these results contribute 
to the development of more precise conceptual frame-
works that integrate social network theories, innova-
tion diffusion, and absorptive capacity. The evidence 
on threshold effects and technological heterogeneity 



Page 13 of 15Herrero et al. Future Business Journal          (2026) 12:111 	

suggests the need to incorporate non-linearities and 
specific moderators in theoretical models of technology 
adoption.

The practical implications are equally relevant. For 
business managers, the results suggest differentiated 
strategies according to technology type: leveraging inter-
national networks for conventional technologies and 
focusing on the development of complementary inter-
nal capabilities for smart technologies. For technology 
park managers, the evidence supports policies focused 
on facilitating initial access to European networks rather 
than intensifying existing collaborations. For public pol-
icy designers, the documented technological patterns 
suggest the potential value of investments in international 
collaboration programs, although they require comple-
mentary instruments for more complex technologies.

The specific context of Spanish STP provides a natural 
laboratory to examine these phenomena, leveraging the 
high density of innovative firms and active participation 
in European R&D programs. The results suggest that 
these ecosystems are positioned effectively as interna-
tional technological transfer facilitators, consistent with 
their strategic role in innovation policies.

The identified limitations, particularly the cross-sec-
tional design and measurement of formal collaborations, 
open opportunities for future research that adopt longi-
tudinal approaches and mixed methodologies. Extension 
to other geographical and institutional contexts would 
allow evaluation of the generalization of these findings 
and development of more comprehensive theories on 
international collaboration and technology adoption.

In synthesis, this study indicates that international 
collaboration is a relevant factor associated with web 
technology adoption, providing empirical evidence that 
informs both theoretical development and managerial 
practice and public policy design in the era of digital 
transformation.

Appendix I: Classification of technology categories: 
smart vs. non‑smart

Category Smart
(n)

Non-smart
(n)

% Smart Representative 
examples

Analytics 412 355 54% Smart: Google 
Analytics 4, Hubs‑
pot, Marketo
Non-smart: Google 
Universal Analytics, 
WordPress Stats

Category Smart
(n)

Non-smart
(n)

% Smart Representative 
examples

Mapping 14 19 42% Smart: Google 
Maps API, Mapbox
 Non-smart: Leaflet 
JS, OpenStreetMap, 
Bing Maps

Robots 13 31 30% Smart: GPTBot 
Disallow, Anthropic 
Claude Bot 
Disallow, Alexa Bot 
Disallow
 Non-smart: 
Robots Disallow, 
Googlebot Disal‑
low, Yandex Bot 
Disallow

Media 32 79 29% Smart: Brightcove, 
Vidyard, FreeWheel
 Non-smart: 
YouTube, Vimeo, 
MediaElement.js

Ads 186 641 22% Smart: Double‑
Click Bid Manager, 
AppNexus
Non-smart: Google 
Adsense, LinkedIn 
Ads

CDN 16 58 22% Smart: Cloudflare, 
Akamai
Non-smart: Ama‑
zon S3, Bootstrap‑
CDN

Payment 19 72 21% Smart: Stripe v3, 
Adyen, Cyber‑
Source
 Non-smart: PayPal, 
Visa, MasterCard

CMS 85 444 16% Smart: Instapage, 
Unbounce
Non-smart: Word‑
Press, SuccessFac‑
tors

MX 24 152 14% Smart: Proofpoint, 
Sophos, Mimecast
 Non-smart: SPF, 
Google Apps 
for Business, 
Mailgun

Widgets 219 2059 10% Smart: LandBot, 
reCAPTCHA Enter‑
prise, Cloudflare 
Bot Manager
 Non-smart: Font 
Awesome, Google 
Tag Manager, 
Contact Form 7

Agency 6 76 7% Smart: Beyond 
Pricing, Scaled 
Inference
Non-smart: Grupo 
Vansur, donosTIK
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Category Smart
(n)

Non-smart
(n)

% Smart Representative 
examples

NS 10 131 7% Smart: Amazon 
Route 53, Cloud‑
flare DNS
 Non-smart: 
GoDaddy DNS, 
DNSSEC, OVH DNS

Shop 25 367 6% Smart: Shopify, SAP 
Commerce Cloud, 
Wix Stores
 Non-smart: 
WooCommerce, 
PrestaShop, Cart 
Functionality

Web Server 4 86 4% Smart: BIG-IP, 
Amazon ALB, 
Imunify360
 Non-smart: 
Apache, Nginx, IIS

Hosting 19 701 3% Smart: Amazon 
Elastic Load Bal‑
ancing, AWS Global 
Accelerator
 Non-smart: 
Cloudflare Hosting, 
Google Cloud, 
DINA Hosting

JavaScript 2 714 0% Smart: hls.js, 
annyang
 Non-smart: jQuery, 
React, Modernizr

Framework 1 828 0% Smart: Akamai Bot 
Manager
 Non-smart: PHP, 
Laravel, Organiza‑
tion Schema

SSL 0 98 0% LetsEncrypt, 
Comodo Posi‑
tiveSSL, GoDaddy 
SSL

Mobile 0 13 0% Viewport Meta, 
Apple Mobile 
Web App Capable, 
IPhone/Mobile 
Compatible

Server 0 55 0% OpenSSL, Paral‑
lels Plesk Panel, 
Ubuntu

Language 0 213 0% Spanish HREF 
LANG, English 
HREF LANG, Portu‑
guese

Feeds 0 10 0% RSS, Atom

Link 0 96 0% Google Analytics 
Opt-Out Privacy, 
LinkedIn, GitHub

Web master 0 7 0% Google Webmas‑
ter, MSN/Bing 
Webmaster, Yandex 
Verification

CDNs 0 110 0% Amazon Cloud‑
Front, KeyCDN

Category Smart
(n)

Non-smart
(n)

% Smart Representative 
examples

Copyright 0 28 0% Copyright Year 
2021, Copyright 
Year 2015

Parked 0 38 0% GoDaddy Parking, 
Apache2 Ubuntu 
Default Page, 
ParkingCrew

Shipping 0 26 0% UPS, DHL, FedEx

Registrar 0 12 0% 1and1 Internet, 
OVH Registrar, 
Google Registrar

Docinfo 0 39 0% HTML5 DocType, 
Open Graph 
Protocol
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