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Abstract: What is the meaning of adop  ng a cri  cal use of technology? And how does it reframe educa  onal 
prac  ces? Although there is a broad consensus on the need for a cri  cal approach to technology, the absence of a 
consistent epistemological framework constrains the development of methodological models that align pedagogical 
inten  onality with instruc  onal design. This study examines the evolu  on of Cri  cal Theory of Technology (CTT) and 
its implica  ons for distance educa  on, ar  cula  ng its cri  cal epistemology with current educa  onal challenges. 
CTT provides a theore  cal basis for overcoming technocra  c perspec  ves by framing technology as a sociotechnical 
construct embedded with values, interests, and power rela  ons. The analysis explores CTT’s assump  ons and their 
applica  on in educa  on, highligh  ng how a cri  cal framework supports the ethical and democra  c appropria  on of 
technology. Findings suggest that CTT has the poten  al to transform pedagogical prac  ces by fostering a dialogical, 
refl ec  ve, and emancipatory educa  onal model grounded in cri  cal technology use. 
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Resumo: O que implica um uso críƟ co da tecnologia, e como isso pode ressignifi car as práƟ cas educacionais? 
Embora haja consenso quanto à necessidade de um olhar críƟ co, a ausência de uma conceituação epistemológica 
consistente limita a construção de abordagens metodológicas que integrem a intencionalidade e o direcionamento 
pedagógico. InvesƟ ga-se a evolução da Teoria CríƟ ca da Tecnologia (TCT) e suas implicações para a EaD por meio 
de análise que arƟ cula sua epistemologia críƟ ca aos desafi os atuais. A TCT oferece um referencial para superar 
a visão tecnocráƟ ca da tecnologia, ao reconhecê-la como construção sociotécnica permeada por valores, 
interesses e poder. Examinam-se os pressupostos da TCT e sua aplicação à educação, evidenciando como um 
referencial críƟ co favorece a apropriação éƟ ca e democráƟ ca das tecnologias. A análise aponta seu potencial 
para transformar práƟ cas pedagógicas, promovendo um modelo educacional dialógico, refl exivo e emancipador, 
com uso críƟ co da tecnologia.

Palavras-chave: Educação a distância. Epistemologia. Teoria CríƟ ca da Tecnologia. Uso críƟ co.  

Resumen: ¿Qué implica un uso crítico de la tecnología y cómo puede esto resignificar las prácticas educativas? 
Si bien existe consenso sobre la necesidad de una perspectiva crítica, la ausencia de una conceptualización 
epistemológica consistente limita la construcción de enfoques metodológicos que integren la intencionalidad 
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y la dirección pedagógica. Este estudio investiga la evolución de la Teoría Crítica de la Tecnología (TCT) y 
sus implicaciones para la educación a distancia mediante un análisis que articula su epistemología crítica 
con los desafíos actuales. La TTC ofrece un marco para superar la visión tecnocrática de la tecnología, 
reconociéndola como una construcción sociotécnica permeada por valores, intereses y poder. Se examinan 
los supuestos de la TTC y su aplicación a la educación, destacando cómo un marco crítico favorece la 
apropiación ética y democrática de las tecnologías. El análisis señala su potencial para transformar las 
prácticas pedagógicas, promoviendo un modelo educativo dialógico, reflexivo y emancipador con un uso 
crítico de la tecnología.

Palabras-clave: Educación a distancia. Epistemología. Teoría Crítica de la Tecnología. Uso crítico.

1 INTRODUCTION 

The term “criƟ cal use” of technology in ed-
ucaƟ on has been recurrently invoked in insƟ -
tuƟ onal discourses, public policies, curricular 
proposals, and pedagogical pracƟ ces. Howev-
er, such usage does not necessarily refl ect an 
understanding of its epistemological and po-
liƟ cal implicaƟ ons. The expression is oŌ en em-
ployed superfi cially, reduced to a funcƟ onalist 
and technical perspecƟ ve that equates criƟ -
cality with effi  ciency or with mere compliance 
with predetermined pedagogical goals. This 
uncriƟ cal appropriaƟ on weakens the term’s 
transformaƟ ve potenƟ al, concealing the con-
fl icts, interests, and raƟ onaliƟ es that shape the 
integraƟ on of technology into the educaƟ onal 
fi eld.

A substanƟ al understanding of “criƟ cal 
use” requires moving beyond reducƟ onist ap-
proaches. The fi rst step is to recognize that 
technology is both complex and ubiquitous. 
As a human and social phenomenon, technol-
ogy transcends its instrumental dimension and 
funcƟ ons as a mediaƟ ng force that transforms 
human relaƟ onships with the world, with one-
self, and with others. It entails contradicƟ ons: 
while it fulfi lls needs and facilitates communi-
caƟ on, it also produces unemployment, pol-
luƟ on, and economic dependency (Medeiros; 
Medeiros, 2010). For this reason, technology 
must be examined through mulƟ ple dimen-
sions. According to Mitcham (1994), it is an 
object, a mode of knowledge, a specifi c form 
of acƟ vity, and an expression of voliƟ on. Tech-
nology is not merely a set of tools or uƟ litarian 
pracƟ ces; it is a symbolic and ontological con-
struct capable of redefi ning modes of being 
and acƟ ng (Cupani, 2017). In this mulƟ faceted 

context, where cultural and poliƟ cal forces 
are deeply embedded in social, historical, and 
ethical dynamics, technology, including digital 
technologies, is also integrated into the educa-
Ɵ onal domain.

This complexity becomes even more chal-
lenging in distance educaƟ on, where technol-
ogy plays a central role in mediaƟ ng teaching 
and learning (Belloni, 2015). Digital technolo-
gies not only enable new forms of access to 
knowledge, but also reproduce and, in many 
cases, intensify inequaliƟ es, power structures, 
and mechanisms of control (PreƩ o; Bonilla; 
Sena, 2020). In Brazil, where distance educa-
Ɵ on has played a strategic role in the democ-
raƟ zaƟ on of educaƟ onal access (Belloni, 2015; 
Bevort; Belloni, 2009), these contradicƟ ons 
become parƟ cularly evident (Cerny, 2009). 
Digital plaƞ orms, although oŌ en praised for 
their capacity to reach large audiences, fre-
quently reduce the educaƟ onal experience 
to an instrumental and technicist logic, privi-
leging metrics of effi  ciency and control over 
meaningful interacƟ on, criƟ cal refl ecƟ on, and 
student autonomy (Cerny, 2009; Cerny; Almei-
da; Espíndola, 2023; Espíndola; Cerny; Rocha; 
Neto, 2022). 

This arƟ cle proposes a theoreƟ cal and con-
ceptual analysis of the term “criƟ cal” based on 
CriƟ cal Theory of Technology, arƟ culaƟ ng its 
epistemological foundaƟ ons and its contribu-
Ɵ ons to the challenges of distance educaƟ on. 
To address the central quesƟ on concerning 
the noƟ on of criƟ cal use of technology, this 
study adopts epistemology as the basis for 
historically situaƟ ng the development of CriƟ -
cal Theory of Technology and for examining its 
implicaƟ ons for understanding the relaƟ on-
ship between technology and society (Cupani, 



São Cristóvão (SE), v.26, n.2, p. 4-14, mai./ago.2026

6 6

Revista EDaPECI6

2004; Feenberg, 1999; 2022; Kujawski, 1994; 
Mitcham, 1994; Ortega Y Gasset, 1991). Sub-
sequently, the discussion examines how the 
CriƟ cal Theory of Technology engages with 
the fi eld of distance educaƟ on (Belloni, 2015; 
Cerny, 2009; Cerny; Espíndola, 2016), consid-
ering its contemporary challenges and analyz-
ing how a criƟ cal approach can reframe peda-
gogical pracƟ ces.

2 HISTORICAL AND EPISTEMOLOGICAL FOUN-
DATIONS OF THE CRITICAL THEORY OF TECH-
NOLOGY

The term “criƟ cal use of technology,” wide-
ly disseminated in both academic literature 
and popular discourse (Feder, 2024), does not 
emerge by chance but rather stems from a 
historical and conceptual trajectory rooted in 
philosophical debates on technology and so-
ciety. Among the various approaches (Cupani, 
2017; Mitcham, 1994), this study centers on 
the most infl uenƟ al authors in the epistemo-
logical construcƟ on of CriƟ cal Theory of Tech-
nology (CTT) (Feenberg, 2003). To grasp the 
complexity of this topic, it is essenƟ al to clarify 
the meanings of “criƟ cal” and “technology.” 
For this purpose, the study draws on episte-
mology, a branch of philosophy concerned 
with the nature and limits of knowledge (Ab-
bagnano, 2007). By examining its foundaƟ ons 
and transformaƟ ons, it becomes possible to 
idenƟ fy the conceptual tensions and educa-
Ɵ onal implicaƟ ons involved

The fi rst step is to understand the etymol-
ogy of the term criƟ cal. Derived from the Greek 
krisis, the word crisis means separaƟ on, rup-
ture, and judgment or decision (Santos, 2017). 
According to Santos (2017), a crisis leads indi-
viduals to criƟ que, as knowledge involves dis-
Ɵ nguishing and separaƟ ng elements; we appre-
hend reality gradually, not all at once. Although 
various philosophers have addressed crisis and 
criƟ que, within the framework of Frankfurt 
School criƟ cal theory, criƟ que is reframed not 
as abstract quesƟ oning, but as a tool for ex-
posing present contradicƟ ons and idenƟ fying 
their underlying barriers (Cupani, 2004; Cupani, 
2017). In this view, criƟ que plays an acƟ ve role 

in social transformaƟ on and becomes central to 
analyzing the relaƟ onship between technology 
and power (Cupani, 2017). Santos (2017) fur-
ther argues that crisis and criƟ que are insepara-
ble from the act of knowing itself. All knowledge 
entails a process of separaƟ on (diakrisis), which 
inevitably generates crisis, as understanding 
something also reveals what remains unknown. 
Thus, criƟ que not only exposes limits and con-
tradicƟ ons, but also opens possibiliƟ es for new 
understandings and transformaƟ ons. This con-
ceptual framework underpins the noƟ on of cri-
Ɵ que adopted in this study.

The evoluƟ on of the concept of criƟ que 
also broadens the understanding of technol-
ogy, shiŌ ing it from a purely instrumental 
view to a more refl ecƟ ve approach (Medeiros; 
Medeiros, 2010). Technical posiƟ vism, whose 
tradiƟ on traces back to Francis Bacon and Au-
guste Comte, was consolidated in the twenƟ -
eth century by Mario Bunge, who conceived 
technique as a raƟ onal system for controlling 
nature, grounded in universal laws and empiri-
cal predictability. According to Bunge, technol-
ogy must be analyzed objecƟ vely, as a body of 
scienƟ fi c knowledge applied to problem-solv-
ing (Cupani, 2017). However, this approach 
disregards the poliƟ cal and social implicaƟ ons 
of technology, a central aspect of the CriƟ cal 
Theory of Technology.

Technological posiƟ vism holds that tech-
nological advancement leads to conƟ nuous 
progress and can solve all human diffi  culƟ es 
(Cupani, 2017; Neder, 2010). This perspecƟ ve 
remains prevalent, parƟ cularly in Bunge’s re-
fl ecƟ ons on demotechnical 1 society (Cupani, 

1  In Bunge’s work, the term demotechnical refers to 
a model of society in which scienƟ fi c and technologi-
cal progress is governed by democraƟ c and parƟ cipa-
tory control. As the author explains: “To be eff ecƟ ve, 
democraƟ c control of technical progress would have to 
involve not only technicians, their professional organi-
zaƟ ons, and the state, but also fi rms (whether private 
or cooperaƟ ve), consumers, and all those who might be 
aff ected by technical innovaƟ ons. The orderly parƟ cipa-
Ɵ on of these various groups, oŌ en with confl icƟ ng in-
terests, would gradually contribute to the construcƟ on 
of a technodemocraƟ c or, if preferred, demotechnical 
society” (Bunge, 2012, p. 44).
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2017). According to Bunge (1985), although 
technology involves a creaƟ ve component, it 
funcƟ ons within a structured raƟ onal system 
guided by the applicaƟ on of scienƟ fi c prin-
ciples. However, this view disregards that 
technological choices are not neutral; they 
entail structural implicaƟ ons that go beyond 
the mere funcƟ onality of arƟ facts.

The Frankfurt School was a pioneer in 
problemaƟ zing the relaƟ onship between 
technology and dominaƟ on. In DialecƟ c of 
Enlightenment (1947), Adorno and Hork-
heimer argue that instrumental raƟ onal-
ity became the dominant mode of thought 
under administered capitalism, eliminat-
ing concrete possibiliƟ es for emancipaƟ on 
and subjecƟ ng individuals to a system from 
which they cannot escape (Cupani, 2017; 
Mitcham, 1994). Marcuse extends this cri-
Ɵ que by showing that technology not only 
structures power relaƟ ons, but also shapes 
subjecƟ vity, rendering individuals incapable 
of conceiving alternaƟ ves to the exisƟ ng sys-
tem (Cupani, 2017; Feenberg, 2022). This 
shaping of consciousness, which he terms 
the “one-dimensional man”, reveals how 
technical raƟ onality is intertwined with the 
preservaƟ on of social order.

Habermas introduces an epistemologi-
cal shiŌ  by disƟ nguishing between instru-
mental raƟ onality and communicaƟ ve raƟ o-
nality (Feenberg, 2022). Habermas argues 
that the Frankfurt School’s criƟ que faces a 
fundamental impasse: if instrumental raƟ o-
nality enƟ rely dominates society, on what 
basis can it be quesƟ oned? To overcome this 
aporia, Habermas diff erenƟ ates between 
technical logic, oriented toward effi  ciency 
and control, and communicaƟ ve raƟ onality, 
aimed at mutual understanding and demo-
craƟ c deliberaƟ on (Cupani, 2017). Unlike 
his predecessors, he does not view technol-
ogy as inherently a means of dominaƟ on, 
but emphasizes that its use depends on the 
normaƟ ve contexts in which it operates. 
As Cupani (2004) notes, Habermas accepts 
technical applicaƟ ons, provided they are 
subordinated to democraƟ c deliberaƟ ve 
processes.

Langdon Winner deepens this discussion 
by showing that some technologies are not 
only used poliƟ cally, but also embed power 
structures within their very design. His study 
of the atomic bomb exemplifi es how certain 
arƟ facts require a centralized and hierarchi-
cal model of social organizaƟ on, thereby rein-
forcing relaƟ ons of dominaƟ on (Cupani, 2004; 
Cupani, 2017). The core implicaƟ on of this ap-
proach is that technology is never neutral: its 
material confi guraƟ on and condiƟ ons of use 
directly shape the structure of power.

Beyond the Frankfurt School tradiƟ on, con-
temporary approaches such as Actor–Network 
Theory (ANT) shiŌ ed the debate by treaƟ ng 
technology not merely as a means of domina-
Ɵ on, but as an acƟ ve agent in the construcƟ on 
of social relaƟ ons. Bruno Latour, Michel Cal-
lon, and John Law reject both technological 
determinism and sociocentric perspecƟ ves, 
emphasizing that technical arƟ facts possess 
agency and acƟ vely shape the social world. In 
this view, technology and society cannot be 
analyzed separately, as they co-emerge in hy-
brid networks composed of both human and 
non-human actors (Cupani, 2017).

Although Actor-Network Theory rejects re-
ducƟ onist explanaƟ ons, its lack of an explicit 
normaƟ ve stance distances it from the con-
cerns of the Frankfurt School, which seeks to 
understand the poliƟ cal and ideological impli-
caƟ ons of technology. Likewise, the phenom-
enology of technology (Cupani, 2004; Cupani, 
2017) focuses on how arƟ facts structure hu-
man experience, while avoiding a broader 
framing of the systemic eff ects of technology. 
Both approaches describe sociotechnical in-
teracƟ ons and modes of technological media-
Ɵ on, yet they stop short of proposing a con-
crete project of social transformaƟ on.

Considering this landscape, Feenberg 
(1999) highlights substanƟ vism as a counter-
point to both instrumentalism and techno-
logical determinism. While instrumentalism, 
more associated with the liberal framework, 
holds that technology is a neutral tool whose 
social impact depends solely on its use, tech-
nological determinism asserts that technical 
advancement is the primary driver of histori-
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cal transformaƟ on, shaping social structures 
regardless of human agency. SubstanƟ vism, by 
contrast, off ers a more radical view, contend-
ing that technology is not merely a means, but 
an autonomous system that imposes specifi c 
values and ways of life (Neder, 2010).

Against this epistemological backdrop, 
Andrew Feenberg develops CriƟ cal Theory 
of Technology (Feenberg, 1999; 2002; 2003; 
2017; 2022; Neder, 2010), which seeks to syn-
thesize the concerns of the Frankfurt School 
with contemporary pragmaƟ c approaches. 
Feenberg rejects both determinisƟ c pessi-
mism and the technological neutrality claimed 
by posiƟ vism. He argues that technology is not 
neutral, yet neither is it an inevitable vehicle of 
dominaƟ on. In his view, technology consƟ tutes 
a contested terrain in which diff erent agents 
can intervene to redefi ne its uses and mean-
ings (Neder, 2010). Thus, criƟ cal engagement 
with technology does not merely analyze its 
distorƟ ons, but also idenƟ fi es its suppressed 
potenƟ al, enabling its democraƟ c and emanci-
patory reappropriaƟ on.

3 CRITICAL USE OF TECHNOLOGY ACCORD-
ING TO CRITICAL THEORY OF TECHNOLOGY

Previously, this study examined how cri-
Ɵ que and technology each carry their own 
conceptual frameworks. For Feenberg, the crit-
ical use of technology diff ers from instrumen-
talism, which assumes the neutrality of tech-
nique, and from determinism, which treats 
technology as an autonomous force shaping 
society independently of human agency. CriƟ -
cal Theory of Technology argues that technol-
ogy consƟ tutes a contested domain in which 
diff erent social actors can intervene to rede-
fi ne its uses and meanings (Feenberg, 2003), 
as summarized in Figure 1.

This approach contrasts with the pessi-
mism of the fi rst generaƟ on of the Frankfurt 
School, parƟ cularly Adorno and Horkheimer 
(1985), who regarded technical raƟ onality as 
an inescapable instrument of dominaƟ on (Ta-
ble 1) (Neder, 2010). Feenberg distances him-
self from this fatalism by arguing that although 
technology is value-laden, it can be demo-

craƟ cally reappropriated, thereby enabling 
the emergence of emancipatory alternaƟ ves 
(Feenberg, 2022).

CriƟ cal Theory of Technology is grounded in 
a criƟ que of technological determinism, which 
treats technical progress as an autonomous 
and inevitable process, and of naïve instru-
mentalism, which views technology as a neu-
tral means (Figure 1) (Neder, 2010). Feenberg 
moves beyond this dichotomy by recognizing 
that technology is socially constructed and 
open to democraƟ c reappropriaƟ on (Feen-
berg, 2003). His proposal engages with phe-
nomenology, parƟ cularly Heidegger’s criƟ que 
of modern technology (Neder, 2010). Hei-
degger argued that technology reduces nature 
to a standing reserve of available resources. 
However, while Heidegger adopts a fatalisƟ c 
stance, suggesƟ ng that technology inevitably 
leads to alienaƟ on, Feenberg (1999) contends 
that technology can be re-signifi ed through so-
cial intervenƟ on. IncorporaƟ ng elements from 
sociotechnical construcƟ vism and Science and 
Technology Studies (STS), Feenberg maintains 
that technical arƟ facts are neither neutral nor 
exclusively determined by technical or eco-
nomic factors, but result from processes of so-
cial negoƟ aƟ on (Feenberg, 1999; 2002; 2003; 
2017; 2022; Neder, 2010).

Within the Frankfurt School tradiƟ on, CriƟ -
cal Theory of Technology rejects the techno-
logical determinism of the fi rst generaƟ on 
while preserving the criƟ que of instrumental 
raƟ onality. Drawing on Marcuse, Feenberg 
conceives of technology as a poliƟ cal arena 
in which diverse actors may intervene to re-
confi gure its uses (Cupani, 2017). However, 
whereas Marcuse suggested that only a radical 
transformaƟ on of social structures could alter 
the trajectory of technology, Feenberg argues 
that there is room for intervenƟ on within tech-
nical design itself. This theoreƟ cal shiŌ  implies 
that the democraƟ zaƟ on of technology does 
not depend solely on large-scale social revolu-
Ɵ on, but can also emerge through incremental 
re-signifi caƟ ons within technical systems (Cu-
pani, 2004).

The criƟ cal use of technology recognizes 
that technical arƟ facts shape lifestyles, pow-
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er relaƟ ons, and social pracƟ ces (Figure 1). 
Feenberg emphasizes that “technology is not 
merely the raƟ onal control of nature; both its 
development and its impact are intrinsically 
social” (Feenberg, 2022). CriƟ cal use, there-
fore, requires idenƟ fying the values embedded 
in technical systems, analyzing how they infl u-
ence everyday life, and reinterpreƟ ng their ap-
plicaƟ ons in the direcƟ on of more democraƟ c 
and sustainable models (Feenberg, 2022). This 
process involves the social mediaƟ on of arƟ -
facts, the democraƟ zaƟ on of technological de-
cision-making, and the criƟ que of the implicit 
assumpƟ ons underlying technical choices.

To achieve this, it is necessary to reject 
both technological determinism, which denies 
the possibility of human intervenƟ on, and na-
ïve instrumentalism, which assumes technol-
ogy to be a mere means without structural ef-
fects. Moreover, technical development must 
not be guided exclusively by effi  ciency and 
profi t, but must incorporate ethical, social, and 
environmental consideraƟ ons. The criƟ cal use 
of technology, therefore, not only examines its 
impacts, but also proposes structural changes 
in design and implementaƟ on processes to en-
sure that technologies serve the public inter-
est and promote social jusƟ ce.

Figure 1 – Conceptual map summarizing the main aspects of the criƟ cal use of technology, 
highlighƟ ng its philosophical and epistemological foundaƟ ons, sociotechnical impacts, interven-
Ɵ on strategies, technological tools and pracƟ ces, as well as its emancipatory goals.

Source: IllustraƟ on created by the author (2025).:

This perspecƟ ve is embodied in the con-
cept of criƟ cal design (Feenberg, 2017), which 
advocates for the dialogical and parƟ cipatory 
reappropriaƟ on of technologies. Rather than 
being passively accepted, technologies can be 
modifi ed to break away from their iniƟ ally de-
termined funcƟ onality, creaƟ ng space for new 
forms of social and pedagogical interacƟ on.

In the fi eld of educaƟ on, CriƟ cal Theory of 
Technology (CTT) proposes a transformaƟ on 

that goes beyond mere adopƟ on of technolog-
ical tools, focusing instead on the restructur-
ing of pedagogical processes. This means that 
technology users, including teachers and stu-
dents, must play an acƟ ve role in shaping and 
designing the technical systems used in edu-
caƟ on. A signifi cant example of this process is 
distance educaƟ on (DE), which has historically 
been dominated by technocraƟ c models that 
reduce technology to a means of automated 
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content delivery. Such an approach neglects its 
potenƟ al to foster criƟ cal interacƟ on and ac-
Ɵ ve student parƟ cipaƟ on.

Feenberg (1999) disƟ nguishes between 
primary instrumentalizaƟ on and secondary 
instrumentalizaƟ on in educaƟ on. The former 
refers to reducing technology to a set of objec-
Ɵ ves, operaƟ onal funcƟ ons, without regard for 
its social impact. The laƩ er seeks to recover the 
social, cultural, and poliƟ cal values neglected 
in technical design, enabling technology to be 
appropriated in more democraƟ c and mean-
ingful ways. In the context of DE, this disƟ nc-
Ɵ on is crucial to prevent educaƟ onal plaƞ orms 
from reinforcing a one-dimensional logic of in-

strucƟ on and, instead, to design them to sup-
port dialogical interacƟ on, collaboraƟ on, and 
students’ intellectual autonomy.

Thus, the criƟ cal integraƟ on of technology 
in educaƟ on requires not only the implemen-
taƟ on of new technologies, but also a structur-
al transformaƟ on of pedagogical pracƟ ces and 
digital learning environments. The democraƟ c 
raƟ onalizaƟ on of technology in educaƟ on 
implies that users, formerly passive, acƟ vely 
infl uence the design and implementaƟ on of 
educaƟ onal systems, ensuring that technology 
serves not only operaƟ onal effi  ciency, but also 
the collecƟ ve construcƟ on of knowledge and 
the intellectual emancipaƟ on of students.

Period 17th–19th 
Century

Early 20th Century 1920s–1940s 1960s–1980s 1980s–1990s 1990s–Present

Approach PosiƟ vism. SubstanƟ vism and 
phenomenology.

Frankfurt School 
(1st generaƟ on).

Frankfurt 
School (2nd 
generaƟ on).

Actor–Network 
Theory (ANT).

CriƟ cal Theory of 
Technology (CTT).

Key Authors

Francis Bacon, 
Auguste 
Comte, Mario 
Bunge.

Jacques Ellul, 
MarƟ n Heidegger, 
Don Ihde.

Adorno, 
Horkheimer, 
Marcuse.

Habermas. Latour, Callon, 
Law. Feenberg.

ConcepƟ on of 
Technology

Instrument of 
progress and 
control over 
nature.

An autonomous 
system that shapes 
society and imposes 
values.

Instrument of 
dominaƟ on and 
reproducƟ on 
of technical 
raƟ onality.

Medium for 
communicaƟ on 
and raƟ onal 
interacƟ on, 
though subject 
to systemic 
colonizaƟ on.

Heterogeneous 
network of 
human and 
non-human 
actors in 
constant 
reconfi guraƟ on.

Sociotechnical 
arena shaped 
by poliƟ cal and 
cultural choices.

Nature of 
Technology

Neutral; the 
result of 
raƟ onal and 
scienƟ fi c 
advancement.

Non-neutral; it 
imposes specifi c 
ways of life and 
reduces human 
autonomy.

Non-neutral; 
linked to capital 
and social control.

PotenƟ ally 
neutral, but 
frequently 
instrumentalized 
by power.

Neither 
inherently 
neutral nor fully 
determined; 
its impact 
emerges from 
sociotechnical 
interacƟ ons.

Non-neutral; 
a structure of 
power that can 
be democraƟ cally 
re-signifi ed.

Technology–
Society 
RelaƟ on

Technology 
drives social 
progress, and 
society must 
adapt to it.

Technology 
develops 
independently 
and subordinates’ 
society to its 
internal logic.

Technology not 
only refl ects, 
but reinforces 
relaƟ ons of 
dominaƟ on and 
alienaƟ on.

Technology 
can serve 
emancipaƟ on 
if linked to 
communicaƟ ve 
raƟ onality.

Society and 
technology are 
co-constructed; 
no separaƟ on 
between the 
technical and 
the social.

Technology 
refl ects power 
relaƟ ons, but can 
be transformed 
through 
democraƟ c 
intervenƟ ons.

Table 1 - ComparaƟ ve Table of Theories of Technology: Epistemological Origins, Conceptual 
EvoluƟ on, and EducaƟ onal ImplicaƟ ons
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Period 17th–19th 
Century

Early 20th Century 1920s–1940s 1960s–1980s 1980s–1990s 1990s–Present

Role of Users

Users as 
passive 
recipients of 
technological 
innovaƟ ons.

Users as 
alienated subjects 
subordinated to 
technique.

Users as passive 
recipients, though 
Marcuse suggests 
potenƟ al for 
resistance.

Users can be 
criƟ cal and 
parƟ cipatory 
agents if 
deliberaƟ ve 
spaces are 
available.

Users as acƟ ve 
actors, though 
without a 
normaƟ ve 
stance on 
technological 
transformaƟ on.

Users as 
transformaƟ ve 
agents who can 
modify both the 
design and use of 
technology.

AnalyƟ cal 
Focus

ConƟ nuous 
technological 
development 
for societal 
benefi t.

Demonstrate 
that technology 
imposes paƩ erns 
and restricts human 
autonomy.

Reveal how 
technology 
perpetuates 
alienaƟ on and 
social control.

Diff erenƟ ate 
between 
technical and 
communicaƟ ve 
raƟ onality.

Map and 
describing 
interacƟ ons 
among various 
actors in 
sociotechnical 
networks.

Overcome 
technical 
raƟ onality and 
enable criƟ cal 
appropriaƟ on.

Epistemology
Empiricist and 
determinisƟ c 
epistemology.

ExistenƟ alist 
(phenomenological) 
and criƟ cal 
(substanƟ vism) 
epistemology.

CriƟ cal and 
dialecƟ cal 
epistemology, 
infl uenced by 
Marxism.

PragmaƟ c 
and discursive 
epistemology, 
based on 
raƟ onal 
consensus.

PragmaƟ c 
and relaƟ onal 
epistemology, 
without 
commitment to 
emancipatory 
values.

CriƟ cal 
epistemology, 
infl uenced by 
the Frankfurt 
School and 
sociotechnical 
pragmaƟ sm.

Example of 
ApplicaƟ on in 
EducaƟ on

Use of 
instrucƟ onal 
technologies 
for 
standardized 
content 
delivery, 
prioriƟ zing 
effi  ciency and 
control.

CriƟ que of 
dependence 
on proprietary 
educaƟ onal 
technologies and 
digital alienaƟ on, 
arguing that 
plaƞ orms limit 
students’ creaƟ vity 
and autonomy.

Analysis of distance 
educaƟ on (DE) as 
an extension of the 
culture industry, 
where technology 
reinforces 
uncriƟ cal 
thinking and 
commodifi caƟ on.

Proposal of 
a dialogic 
educaƟ onal 
model in 
which digital 
technologies 
foster criƟ cal 
argumentaƟ on 
and acƟ ve 
student 
parƟ cipaƟ on.

Study of how 
educaƟ onal 
plaƞ orms 
reconfi gure 
teaching–
learning 
relaƟ ons, 
analyzing 
how teachers, 
students, and 
algorithms 
shape 
educaƟ onal 
processes.

CriƟ cal 
reappropriaƟ on 
of distance 
educaƟ on 
technologies, 
enabling teachers 
and students to 
modify interfaces, 
challenge 
algorithmic 
prescripƟ on, 
and use open, 
collaboraƟ ve 
plaƞ orms to 
strengthen 
autonomy and 
co-creaƟ on of 
knowledge.

Source: Data collected and organized by the authors (2025).

4 FROM EPISTEMOLOGY TO EDUCATION: THE 
CRITICAL USE OF TECHNOLOGY IN EDUCATION-
AL CONTEXTS SUCH AS DISTANCE EDUCATION

Distance educaƟ on (DE) has become, 
in recent decades, a central strategy for ex-
panding access to higher educaƟ on in Brazil, 
driven by policies aimed at democraƟ zing ac-
cess (Inep, 2022). However, this massifi caƟ on 
has occurred without a thorough debate on 
its epistemological and pedagogical founda-
Ɵ ons, resulƟ ng in the predominance of an in-

strumentalist, market-oriented model. Digital 
plaƞ orms, oŌ en treated as neutral operaƟ onal 
tools, tend to restrict the autonomy of educa-
Ɵ onal subjects and weaken the collecƟ ve con-
strucƟ on of knowledge (Bizzo, 2009).

CriƟ cal Theory of Technology (CTT), as dis-
cussed throughout this study, off ers an essen-
Ɵ al framework for problemaƟ zing this reduc-
Ɵ onist view of educaƟ onal technology. Based 
on the epistemology of technology (Cupani, 
2017; Feenberg, 2022; Kujawski, 1994; Mit-
cham, 1994; Neder, 2010), it is understood 
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that technology is not an isolated phenome-
non, but develops within a web of social, po-
liƟ cal, and economic values. Feenberg (1999) 
rejects both technological determinism, which 
views technical advancement as an autono-
mous and inevitable process, and naïve instru-
mentalism, which assumes technology to be a 
neutral means. When applied to DE, this ap-
proach shiŌ s the debate away from mere op-
eraƟ onal effi  ciency toward a broader analysis 
of the sociotechnical mediaƟ ons that structure 
pedagogical processes.

The disƟ ncƟ on between primary and sec-
ondary instrumentalizaƟ on (Feenberg, 1999) 
helps explain how educaƟ onal plaƞ orms are 
oŌ en structured under a logic of control and 
effi  ciency, simplifying the complexity of teach-
ing through the automaƟ on of content and as-
sessment. However, educaƟ onal technology 
can be re-signifi ed by shiŌ ing the focus from 
content delivery to the creaƟ on of dialogical 
environments that promote co-authorship, 
experimentaƟ on, and acƟ ve student parƟ ci-
paƟ on (Espíndola; Cerny; Rocha; Neto, 2022; 
Pereira-Dias; Espíndola, 2022). For this to oc-
cur, the fi rst step is to reduce dependence 
on proprietary plaƞ orms and to encourage 
the use of open technologies, thereby allow-
ing greater fl exibility in adapƟ ng educaƟ onal 
resources to local needs (Alonso, 2017; Bel-
loni, 2002; 2015; Bevort; Belloni, 2009; Cerny, 
2009; Cerny; Espíndola, 2016).

The growing adopƟ on of arƟ fi cial intel-
ligence (AI) in DE presents a new challenge 
within this framework. Personalized learning 
algorithms, oŌ en portrayed as pedagogical ad-
vances, may reinforce technological alienaƟ on 
by replacing teacher mediaƟ on with automat-
ed systems for monitoring and assessment. 
Feenberg (2017) warns that when educators 
and students lose control over technologi-
cal processes, they become passive users of 
opaque and unquesƟ onable systems (Feen-
berg, 2022). This problem becomes even more 
serious when decisions about plaƞ orm design 
and implementaƟ on are centralized in private 
corporaƟ ons, excluding educators, students, 
and society from the design process. In such 
cases, educaƟ onal materials are not always 

preserved, leading to the historical loss of col-
lecƟ vely built knowledge.

The criƟ que of uncriƟ cal uses of technol-
ogy in educaƟ on is not new. Marcuse warned 
of the risks of the technologizaƟ on of teach-
ing (Cupani, 2017), emphasizing that the fo-
cus on effi  ciency could suppress the refl ecƟ ve 
dimension of learning. Habermas argues that 
technology should be embedded in a context 
of communicaƟ ve raƟ onality (Cupani, 2017), 
in which subjects can collecƟ vely deliberate 
about its purposes and social consequences. 
In Brazil, several authors and research groups 
have observed that many DE iniƟ aƟ ves, when 
structured through closed digital plaƞ orms, 
tend to reinforce centralized pedagogical pro-
cesses and limit teacher autonomy (Cerny; 
Almeida; Espíndola, 2023; Espíndola; Cerny; 
Xavier, 2020).

In light of this scenario, applying CriƟ cal 
Theory of Technology to distance educaƟ on 
requires a change in perspecƟ ve. Rather than 
treaƟ ng technology as a neutral or inevitable 
element, it must be understood as historically 
determined and, therefore, open to contesta-
Ɵ on and transformaƟ on. This approach implies 
reviewing educaƟ onal policies related to DE to 
ensure that its expansion is not Ɵ ed exclusively 
to market interests but rather to a genuine 
commitment to educaƟ onal democraƟ zaƟ on 
and social jusƟ ce (Zuboff , 2018).

To make this shiŌ  viable, it is essenƟ al 
to invest in the criƟ cal training of educators, 
students, administrators, and technical staff , 
equipping them with the knowledge needed 
to understand the sociotechnical dynamics 
shaping digital plaƞ orms and to intervene ac-
Ɵ vely in their development (Espíndola, 2023). 
Furthermore, the adopƟ on of policies that en-
courage the use of free soŌ ware and parƟ cipa-
tory governance in educaƟ onal technology can 
help expand user autonomy and strengthen a 
culture of pedagogical innovaƟ on grounded in 
collecƟ ve parƟ cipaƟ on.

From an epistemological perspecƟ ve, this 
study has demonstrated that the criƟ cal inte-
graƟ on of technology in distance educaƟ on 
cannot be reduced to the adopƟ on of new 
tools or methodologies. It must be grounded in 
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a deeper inquiry into the values that guide its 
applicaƟ on and the structural condiƟ ons that 
shape its use. The epistemology of technology 
enables the analysis of power relaƟ ons that 
permeate digital educaƟ on, making spaces for 
resistance and transformaƟ on more visible.

CriƟ cal Theory of Technology not only 
problemaƟ zes tradiƟ onal models of distance 
educaƟ on, but also points to pathways for its 
re-signifi caƟ on. By proposing that technology 
be incorporated in emancipatory ways, this 
approach reinforces the need for an educa-
Ɵ on based on dialogue, collaboraƟ on, and 
learner autonomy (Belloni, 2002). These ele-
ments make clear that DE cannot be reduced 
to issues of access and expansion (Inep, 2022). 
Instead, it must be understood as part of a 
broader epistemological and poliƟ cal debate 
on the future of technology-mediated educa-
Ɵ on. As Belloni (2002) emphasizes, DE should 
not be conceived merely as a model of instruc-
Ɵ on, but as a contested fi eld over the modes 
of knowledge producƟ on and circulaƟ on in 
contemporary society. In this regard, CriƟ cal 
Theory of Technology contributes to the de-
velopment of an educaƟ onal model that goes 
beyond reproducƟ on and acƟ vely promotes 
personal and social transformaƟ on.
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