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Abstract. Technology enhanced learning environments are characterized by
socio-technical interactions. Socio-technical interactions involve individuals
interacting with (a) technologies, and (b) other individuals. These two critical
aspects of socio-technical interactions in technology enhanced learning
environments are theoretically conceived as (a) appropriation of socio-
technical affordances and (b) structures and functions of technological
intersubjectivity. Briefly, socio-technical affordances are action-taking
possibilities and meaning-making opportunities in an actor-environment system
with reference to actor competencies and technical capabilities of the socio-
technical system. Drawing from ecological psychology, formal definitions of
socio-technical affordances and the appropriation of affordances are offered.
Technological intersubjectivity (TI) refers to a technology supported
interactional social relationship between two or more actors. Drawing from
social philosophy, a definition of TI is offered. Implications for technology
enhanced learning environments are discussed.
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1 Introduction

There are two interrelated aspects of interactions in designing, developing, using, and
evaluating technology enhanced learning (TEL) systems: (i) interacting with
technologies and (ii) interacting with others such as peers and teachers. These two
interactional aspects are mutually interdependent and are termed socio-technical
interactions. Despite their critical centrality, socio-technical interactions in technology
enhanced learning in general have not received necessary and sufficient theoretical
consideration. This paper attempts to address this theoretical lacuna and hopes to
jumpstart an empirically informed theoretical discussion on socio-technical
interactions. As such, this theoretical project is not merely about Human Computer
Interaction (HCI) — i.e., interacting with technology — it is also about technological
intersubjectivity (T]) — i.e., interacting with people via technology.
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2 Theoretical Framework

2.1 Affordances

The notion of affordance was introduced by J. J. Gibson [1]. Gibson was primarily
concerned with providing an ecologically grounded explanation to visual perception.
The ontological foundations of the notion of affordances are materialist and
dynamicist [2]. Turvey [2, p. 180] citing Lombardo [3] identifies “the principle of
reciprocity—distinguishable yet mutually supportive realities” as the central insight
of Gibson’s ecological psychology of visual perception. This principle of reciprocity
is highly relevant to technology supported collaboration as multiple individuals each
with a specific subjectivity and identity shape mutually supportive interactional
realities. The ecological approach is dynamicist but not dialectical and processual,
holding that “everything changes in some respects, but not in all respects” [2, p. 175].
Drawing upon foundational work in ecological psychology on the formal definition of
affordances [2, 4], the following definition of socio-technical affordance is provided.
Narrative expositions follow the definition.

2.1.1 Definition of Socio-Technical Affordance

Let Wpqr (e.g., person-sending-email-to-another-person system) = (Ip, Sq, Or) be
composed of different things T (e.g., concept-mapping technology); S (e.g., concept-
map node creator) and O (e.g., concept-map node receiving partner). Let p be a
property of technology T; q be a property of subject S and r be a property of other O.
The relation between p, q and r, p/q/r, defines a higher order property (ie., a
property of the socio-technical system), a. Then a is said to be a socio-technical
affordance of Wpqr if and only if

(i) Wpqr = (Tp ,Sq, Or) possesses a

(ii) Neither T,S, O, (T, S), (T,0), (S,0) possesses a

The formal definition of socio-technical affordance presented above is for the
minimal situation of dyadic interaction in technology supported interactional
environments. For a social situation involving n distinct social actors, an n-tuple
would characterize the system. This formalism can be read as an activity system of
subject, object and tools [5]. Relating the definition to Latour’s actor-network theory
[6], both actors and ‘“actants” are implicated in the notion of socio-technical
affordances. The formal definition of socio-technical affordance captures the two
facets of interaction in socio-technical systems: (1) interacting with technology and
(2) interacting with other persons (technological intersubjectivity to be discussed
later). It is important to realize that affordances are action-taking possibilities and
meaning-making opportunities in actual situations in an actor-environment system
relative to actor competencies and technology capabilities. Norman’s [7] gulf of
execution and gulf of evaluation can be read as gulfs in the perception of action-
taking possibilities and meaning-making opportunities respectively. Socio-technical
affordances are not things or widgets or features or functionalities. This category
conflation has been the source of much confusion in the HCI design community [8].
Socio-technical affordances are the relational properties in particular situations of a



specific user-technology system. By virtue of being relational properties with
reference to an actor, socio-technical affordances can be termed relative to the actor
and/or the technology, but relativity is not subjectivity. In that sense, affordances are
not subjective properties. Affordances are neither arbitrary properties nor are they
socially constructed [9]. Affordances are relational through and through, as they are
the informational structure to be perceived in ambient arrays of the actor-environment
system. The next section presents a brief discussion of the notion of “appropriation of
affordances”.

2.2 Appropriation of Affordances

Cognition in the ecological psychology sense has been articulated as the “cooperative
appropriation of affordances” [10, p. 135]. After Rogoff and Lave [11], “cognition is
something one uses, not something one has”. In my reading of Gibson [1], the notion
of affordance simultaneously specifies the two concurrent levels of meaning and
action. Affordance is a meaning-making opportunity and simultaneously an action-
taking possibility in an actor-environment system in a particular situation. Although
the perception of affordances can be accounted on ecological grounds, the perception
of events cannot be accounted on strictly ecological ontological grounds [12]. The
perception of events has interactional consequences in technology supported
collaboration. It is here that Gibson’s rejection of a role for higher order cognitive
processes is problematic. Social interactional consequences from an individual’s
perception of affordances are influenced by a prospective projection into the future as
well as a socio-psychological imagination of the other. Adapting Stoffregen’s
discussion of behavior [4, p.125], appropriation is “what happens at the conjunction
of complementary affordances and intentions or goals”. Based on Stoffregen’s
definition of behavior [4], the following definition is offered for appropriation of
affordances.

2.2.1 Definition of Appropriation of Affordances

Let Wpqr (e.g., person-sending-email-to-another-person system) = c(a, i) be
composed of different affordances, a (e.g., e, the opportunity to compose email, f, the
opportunity to forward email, g, the opportunity to solve a science problem); and
complementary intentions, i (e.g., h, the intention to send email, j, the intention
forward email, k, the intention to solve a science problem), where both affordances
and intentions are properties of the socio-technical system.

A given appropriation b (e.g., sending email) will occur if and only if (and when)
an affordance (e.g., e) and its complementary intention (e.g., h) co-occur at the same
point in the space—time continuum, where c is a cultural-cognitive choice function.

Unlike orthodox cognitivist views of the representational nature of human
cognition that posits “copying” the external world, the cultural cognitive conception
of socio-technical affordances and their appropriation views interaction as “coping”
with the contingencies of the external world [13]. Interactions in socio-technical
environments are a dynamic interplay between ecological information as embodied in
artifacts and individual interpretation grounded in cognitive schemas. The essential
mediation of all interaction is the central insight of socio-cultural theories of the mind



[14]. The conception of interaction as being mutually “accountable” and systematic
are the critical insights of ethnomethodology [15] and conversational analysis [16].
Accordingly, the cultural-cognitive choice function ¢ represents the cultural-cognitive
mediation of interaction. Interactions in socio-technical systems are conceived as the
appropriation of socio-technical affordances. Even if socio-technical affordances are
to be directly perceived, their appropriation is still influenced by the cultural cognition
of social actors. This renders the concept of affordance ecologically cognitive. The
notion of technological intersubjectivity (TI) is discussed next. TI addresses the
second aspect of socio-technical interactions in technology enhanced learning
environments: how participants relate to and form impressions and opinions of each
other during and after technology supported interactions.

2.3 Technological Intersubjectivity

Intersubjectivity is the key presupposition underlying human social interaction [17].
Human beings are not only functional communicators but also hermeneutic actors.
Technological intersubjectivity is an emergent resulting from a technology supported
self—other social relationship. In technological intersubjectivity, technology mediation
can sometimes (but not necessarily always) disappear like in Clarke’s [18] third law
of technology.

2.3.1 Definition of Technological Intersubjectivity

Technological intersubjectivity (Tl) refers to a technology supported interactional
relationship between two or more participants. Tl emerges from a dynamic interplay
between the technological relationship of participants with artifacts and their social
relationship with others.

Information and Communication Technologies (ICT) and the Internet have
changed our social relations with others and objects in fundamental ways that
transcend technology mediation. Our psychological perception and phenomenological
relation with others is changed fundamentally by the advances in information and
communication technologies and social software. Our interactions with others and
objects are increasingly informed by the logic of technology, hence technological
intersubjectivity. (Note that natural language is the bedrock of TI). Technological
intersubjectivity deals with the ICT enabled capabilities to place-shift (i.c., to be
physically embodied in one physical space but to be able to virtually embodied in a
different place) and the ability to time-shift (i.e., to be able to refer back to earlier
interactions or to be able to defer forward interactions).

3 Discussion

The rethinking of the productive notion of affordances can help inform the design of
TEL systems. The concept of affordance has been much used, misused, and abused in
fields of human computer interaction [8] as well as in the learning sciences. In my
opinion, most current usages of the term affordance are far removed from its



ecological origins and subsequent developments in ecological psychology. In many
ways, the concept of affordance had been subjected to “conceptual stretching” by
uncritical conflation with “technology features”. By returning the concept of
affordance to its ecological roots and following its intellectual trajectory since
Gibson’s seminal contribution, this theoretical framework rethinks affordances as
socio-technical action taking possibilities and meaning making opportunities in an
actor-environment socio-technical system relative to actor competencies and
technology capabilities. This allows us TEL researchers and practitioners to critically
engage with design and evaluation of learning technologies by concentrating on all
four aspects: (a) action taking possibilities, (b) meaning making opportunities
provided by intended design or creative appropriation, (c) how these are relative to
learner competencies in terms of digital literacy, domain-specific knowledge,
motivation, critical thinking competencies, and (d) finally the pedagogically
innovative technological capabilities built into the TEL system.

The definition and discussion of the concept of appropriation of affordance
indicates that learners situated in TEL environments might choose to appropriate
culturally relevant (or appropriate) affordances. That is, context-sensitive and
situation-bounded embodied actions of individual learners engaged in TEL
environments will be influenced by not only the micro-genetic unfolding interactional
contingencies but also by the macro-structural cultural concerns and metacognitive
functions [19-21]. This allows for a richer conception, instrumentation, and analysis
of interactional data from the TEL environments [see 22, for a description of a design
framework of usability, sociability, and learnability].

The concept of technological intersubjectivity (TI) goes beyond the traditional HCI
notions (such as presence and connected presence) and the humanities’ notions (such
as networked individualism, information subject) by bringing together both
psychological and phenomenological aspects of technology supported social
interactions [23]. This provides for a broader and deeper understanding of the new
generation of learners that are increasingly growing up with pervasive and ubiquitous
information and communication technologies and other computational devices and
gadgets (such as the so-called millennials and digital natives). One of the prime
arguments for TEL has been that in a world of constant connectivity and near ubiquity
of ICTs, technologies must be leveraged pedagogically. However, as pointed earlier,
there hasn’t been theoretical work that sought to bring together these macro-
sociological, technological, and pedagogical trends and aspirations together into a
theoretically coherent framework that can be empirically evaluated. Hopefully, these
efforts will jumpstart an empirically informed theoretical discussion on socio-
technical interactions in TEL.
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