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tanGibLes and tanGibLe LeaRninG

Tangibles are physical objects that can be grasped 
and manipulated in various ways. Tangible learning, 
thus, refers to learning with physical objects 
 (sometimes called manipulatives), which can range 
from wooden blocks to advanced robotics. Manipu-
latives have existed since ancient times because they 
can greatly facilitate complex tasks. Asian civiliza-
tions, for instance, used abaci to count and perform 
 complex mathematical operations. They were an 
indispensable tool before the Arabic numeral system 
was adopted. This entry first discusses the historical 
development of tangibles designed specifically for 
learning and the use of physical manipulatives for 
early childhood development. It then discusses new 
forms of tangible learning and the potential benefits 
and pitfalls of using tangibles for learning.

In the late 1800s, educational manipulatives 
developed specifically for learning became popular. 
Friedrich Froebel (1782–1852), a German teacher 
who created the concept of kindergarten, designed 
a set of manipulatives called “Froebel gifts” to help 
students appreciate geometrical shapes and pat-
terns. In one gift, a set of small cubes were used to 
introduce children to the ideas of addition, subtrac-
tion, multiplication, and division. By explicitly 
embedding mathematical concepts into physical 
objects, Froebel arguably created the first set of 
educational toys. A century later, Maria Montessori 
(1870–1952), an Italian educator, pushed this idea 
forward by designing an ingenious set of manipula-
tives to teach mathematical concepts in early 

childhood. Figure 1 shows how beads are used in 
Montessori programs to support mathematical 
thinking; individual beads are grouped by 10, 100, 
and 1,000.

Montessori programs are still alive, and it has 
been shown that children who were randomly 
selected to attend a Montessori program scored 
higher on standardized math tests than children 
who had not been selected and attended a tradi-
tional program.

Montessori intuitively understood that children 
(as well as adults) have a special relationship with 
the physical objects that surround them. But Jean 
Piaget, a Swiss developmental psychologist, was 
primarily responsible for the initial stages of 
understanding how humans develop abstract 
thinking through physical interaction. One of his 
most influential findings is that children continu-
ously elaborate theories about the world and that 
those theories are repeatedly tested and revised 
through a process of assimilation and accommoda-
tion. Assimilation means that new information is 
fed into a preexisting theory (called schema), and 
accommodation means that an existing schema is 
altered to fit in the new information.

According to Piaget, in early childhood, virtu-
ally all children use physical objects to progress 
from “concrete thinking” (called the concrete 
operational stage) to “abstract thinking” (called 
the formal operational stage) by going back and 
forth between assimilating new knowledge and 
accommodating existing schemas. Building abstract 
knowledge from concrete representations is one of 
the central ideas of the learning sciences and has 
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the aforementioned Froebel or Montessori manip-
ulatives). There are two main reasons for this. 
First, there is a strong belief that physical objects 
are for learners prior to entering the formal opera-
tional stage at around 11 years old and that young 
adults can skip the concrete stage and directly 
jump to abstract representation, such as an equa-
tion or a formalized version of a theory. However, 
we know from various empirical findings and 
recent theoretical developments that concrete 
material does not only benefit learners prior to the 
formal operational stage. Even world-class experts 
would not be able to perform at the highest level 
without leveraging their physical environment. 
Architects build small-scale models to test their 
designs, biologists use physical representations of 
DNA to think about molecular structures, mathe-
maticians use physical analogies to explain and 
reason about their work, and pilots execute highly 
complex procedures by distributing their cognition 
to the controls and tools around them.

The second reason why manipulatives have not 
been designed for older learners is because of their 
physical limitations. Manipulatives are static 
objects: They cannot change the way they look, 
provide feedback to learners, or display dynamic 
content. Thus, it is unsurprising that they have 
been mostly used to illustrate simple ideas (e.g., 
counting, grouping, or stacking objects). For 
instance, physical manipulatives have been exten-
sively used for teaching simple mathematical 
 concepts such as ratios or the relationship between 
different shapes in geometry to young children but 
rarely for more advanced concepts.

New Forms of Tangible Learning

New forms of tangible learning have received 
renewed attention over the past decades, and 
 educational designers are starting to teach more 
complex concepts to both younger and older audi-
ences. This shift has been possible because recent 
technological advances are allowing augmentation 
of physical objects in various ways: either by embed-
ding electronic components in them or by using the 
physical environment to control a  traditional 
 computer interface. Those new types of manipula-
tives are sometimes called “digital manipulatives.”

Seymour Papert (1928–2016) and his group at 
the Massachusetts Institute of Technology (MIT) 
famously popularized educational robotics through 

Figure 1 Montessori Beads Grouped by 10, 100, and 
1,000

Source: Steven Depolo (https://www.flickr.com/photos/
stevendepolo/4997720912/in/photolist-8BCCiW-5B1W 
7P-9ePfb7-ksC9XH-9uxDNV-e6HGwk-8RPb6K-4dMM 
jm-bBJURq-9nbsVm-hjD7i4-hkMRF5-oXcKAK-9Cht 
3f-4mrjER-hRzxeF-9U1rbd-6tuyxy-8RMpwm-hQ1K 
ez-624Pha-hPYFdw-jyX5u1-hPZWgW-hRztAh-hRAt 
EH-daRvUf-daRw59-daRvSd-ev6qiL-daRvZf-9pm1 
vv-daRuRk-8Bzvrk-daRwtG-daRubg-7RHi5A-9Ceyg 
X-4QQKR7-dUS4dc-pik8qA-AfTf7-9Ceynv-9goht8-fkA 
Lmr-4XoYft-9eL62e-8YSM19-9eP9vY-4mvoFj/); licensed 
under Creative Commons License Attribution 2.0 Generic (CC 
BY 2.0): https://creativecommons.org/licenses/by/2.0/.

been widely implemented in formal and informal 
learning environments. One natural application of 
Piaget’s theory is the widespread use of tangible 
objects to promote active, hands-on learning in 
order to facilitate the acquisition of a particular 
cognitive schema, thereby helping learners prog-
ress from concrete to abstract reasoning.

Physical Manipulatives for  
Early Childhood Development

Physical manipulatives are almost always designed 
for younger learners and preschool programs (e.g., 
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tangible programming when computers were still 
in their infancy. Papert worked extensively with 
Piaget and developed his own theory of learning 
called “constructionism.” Constructionism empha-
sizes learning by building physical artifacts in 
social settings; according to Papert, those objects 
“to think with” serve as transitional entities to 
facilitate reasoning about complex concepts. The 
ancestor and inspiration for digital manipulatives 
is the LOGO programming language that allowed 
children to program a robotic turtle. This environ-
ment helped children learn about geometry and 
coding in a playful way, something that was 
unheard of when computers first became available 
to the general public in the 1980s.

Papert saw the potential of new technologies to 
promote hands-on learning with tangibles. His 
vision is still alive, with his successors developing 
many constructionist toolkits for children, includ-
ing tangible programming environments such as the 
Tern system, created by Michael Horn (Figure 2a), 
or, more recently, Project Bloks, developed by 
Google (Figure 2b). Another example of a digital 
manipulative is the Topobo system, a construction 
kit with kinetic memory created by Hayes Raffle at 
MIT (Figure 2c). In Topobo, each robotic piece can 
record and play back a physical motion, which can 
be used to introduce children to complex ideas in 
physics, robotics, and programming.

Additionally, recent developments in the field of 
human–computer interaction now make it possible 
to control digital representations through the 
physical world, which further blur the line between 
physical and virtual information. Those systems 
are part of what computer scientists call “natural 
user interfaces” (NUIs). In simple terms, NUIs are 
computer systems that users operate through intui-
tive actions. Examples of NUIs include the touch 
screens on smartphones and tablets computers, 
gesture-based systems (e.g., the Kinect sensor), 
voice-controlled programs (e.g., Cortana, Siri), and 
gaze-aware interfaces (e.g., Tobii X).

One kind of NUI that holds potential for educa-
tional settings are tangible user interfaces (TUIs). 
TUIs include (but are not limited to) computer 
systems that detect the location and state of physi-
cal objects located on a horizontal tabletop and 
display additional information on them with a 
projector. They transform traditional manipula-
tives into dynamic objects that respond to users’ 
actions with an augmented reality layer. For 

instance, students can rebuild complex systems by 
connecting physical objects, while the TUI pro-
vides real-time scaffolding (e.g., feedback, hints, or 
additional information). Since anything can be 
displayed on the virtual layer, it allows designers to 
augment very concrete representations with 
dynamic information (e.g., a simulation, some 

Figure 2 (a) The Tern System, (b) Project Bloks Tangible 
Programming Environment, and (c) Topobo

Source: (a) Michael Horn, (b) Google, and (c) Hayes Raffle.
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connections between objects, or a contour map or 
a virtual world). Figure 3 shows some examples of 
TUIs used in classrooms, museums, exhibits, and 
other informal learning environments.

The TinkerLamp (Figure 3a) is a TUI designed 
for apprentices following a vocational training in 
Switzerland. Students use the TinkerLamp to learn 
about effective design principles for organizing 
warehouses. The system features small-scale shelves 
that are augmented with simulations and graphs to 
help students learn about optimization principles. 
The Reactable (Figure 3b) is an interactive table-
top created to support creativity through musical 
exploration. In this environment, each object is 
associated with a particular sound or action (e.g., 

Figure 3 Four Examples of Tangible User Interfaces

Source: (a) Guillaume Zufferey; (b) Daniel Williams (https://commons.wikimedia.org/wiki/File:Reactable_Multitouch.jpg), 
licensed under Creative Commons Attribution-ShareAlike 2.0 Generic (CC BY-SA 2.0): https://creativecommons.org/licenses/
by-sa/2.0/deed.en; (c) The MIT Senseable City Lab; and (d) Bertrand Schneider.

(c)(a)

(b) (d)

changing the pitch or volume of a sound). Users 
can easily connect objects together to create musi-
cal composition in an intuitive and playful way.

The Sandscape system (Figure 3c), developed at 
MIT, allows users to design and understand land-
scapes using sand. The tangible interface then dis-
plays various simulations to show the height, 
slope, contours, shadows, drainage, or other 
aspects of the landscape model.

Finally, the BrainExplorer system (Figure 3d), 
developed at Stanford University Graduate School 
of Education, offers a concrete way to introduce 
learners to neuroscience concepts. Students learn 
about how the human brain processes visual infor-
mation by taking apart a physical replica of the 
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brain. They can then use an infrared pen to 
 demonstrate the disruption of visual pathways 
transmitting visual information from the eye to the 
brain. In the photo, the arrow marked 1 highlights 
a connection that has been interrupted by a 
 student. The TUI dynamically displays which area 
of the visual field is lost, which is highlighted by 
the arrow marked 2 (this area shows what the 
brain currently sees, based on which neural path-
ways are blocked). This kind of environment can 
help students progressively construct their mental 
model of how visual information is processed into 
the brain, build up curiosity, and encourage them 
to discover scientific phenomena by themselves.

Potential Benefits and  
Pitfalls of Tangible Learning

Tangible learning is not a silver bullet that will 
make complex learning topics suddenly accessible 
to every learner. But digital and nondigital 
 manipulatives allow designers to implement core 
 mechanisms known to facilitate learning. They can 
have a positive impact on cognitive and noncogni-
tive factors, both at the individual and at the group 
level. Some of those benefits are described in this 
section.

First, tangibles can increase students’ engage-
ment by presenting rich and inviting material. In a 
way, they appeal to our playfulness by reminding 
us of our childhood experiences. This is important 
because approaching difficult scientific concepts 
becomes much easier when the learning environ-
ment can pick up the interest and curiosity of the 
learner.

On a more practical level, physical manipula-
tives have affordances that human beings have 
learned to recognize: Shapes, textures, and weights 
are all subtle ways to signal how objects can be 
manipulated, assembled, or combined. There is 
usually no need for tutorials: Manipulatives, when 
properly designed, are self-explanatory. They are 
like puzzle pieces that implicitly tell people how to 
use them. Compared with graphical user inter-
faces, they have a much gentler learning curve. 
Additionally, some physical toolkits (e.g., robotic 
toolkits—the GoGo board) allow for open-ended 
exploration, which makes them ideal candidates 
for project-based learning. Project-based learning 
is known to promote students’ interest, 

motivation, and agency and contextualizes new 
knowledge in the frame of solving a concrete prob-
lem. Finally, TUIs, because of their augmented 
 reality layer, can integrate multiple external repre-
sentations. An external representation can be a 
graph, a physical representation of a concept, a 
simulation, or even some text. Combining multiple 
representations can be beneficial to learning, espe-
cially when they complement one another, as by 
helping students anchor abstract information on a 
more concrete ground. For example, physical 
objects can help learners make sense of a simula-
tion, which can then help them interpret a graph.

At the group level, there is some evidence that 
TUIs (and, more generally, tangible learning) might 
support collaborative learning, because they help 
people externalize their cognition. In other words, 
they make thoughts visible through physical 
actions, which allow students to monitor one 
another. This is helpful for understanding a 
 partner’s cognitive state, especially when deictic 
gestures are used (i.e., pointing). Pointing and 
interacting with physical objects allow users to 
draw a partner’s attention to a particular location, 
which is helpful for building a joint problem space 
and establishing a common ground. Furthermore, 
in contrast to traditional graphical user interfaces, 
TUIs allow concurrent interactions and support 
contribution from all group members. It is not just 
one student who controls the entire system with a 
mouse; rather, students can own and share physi-
cal objects as a way to become personally engaged 
in the learning activity.

It is worth mentioning that research on tangible 
learning has also highlighted some drawbacks of 
this approach. Douglas Clements, for instance, 
emphasized that physical objects tend to put learn-
ers in a “concrete mode,” where students engage in 
trial-and-error behavior and forget to reflect on 
their actions. Cycles of reflection and actions are 
often found to promote better learning outcomes 
and should be enforced when implementing tan-
gible learning activities.

Conclusion

In recent decades, tangible learning has received 
renewed attention with the advent of technology-
enhanced physical objects. These include robotic 
toolkits, embedded systems, tangible interfaces, 
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and learning environments that support embodied 
learning. With those innovations, there is an 
opportunity to develop new ways to interact with 
knowledge. Tangible learning might facilitate 
learning in some domains, but to cite Pierre 
 Dillenbourg, a renowned researcher in educational 
research, “a technology by itself does not turn stu-
dents into smart, motivated knowledge producers. 
It requires contextualization, pedagogical goal set-
ting, and fitting into the larger processes of learn-
ing” (Dillenbourg & Evans, 2011, p. 492). This is 
true for any educational material: simple manipu-
latives, high-tech tools, virtual worlds, or mixed-
reality interfaces. They are just tools that have 
particular affordances, which can allow  educational 
designers to promote mechanisms beneficial to 
learning, such as building curiosity, encouraging 
reflection, promoting critical thinking, or support-
ing conceptual discussions among learners.

Bertrand Schneider

See also Active Learning; Constructionist Learning; 
Design and Out-of-School Learning; Embodiment and 
Mathematics Learning; Technology-Mediated Learning 
Environments
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teChnoLoGy-Mediated 
LeaRninG enviRonMents

Technology-mediated learning environments refer 
to settings in which computer-based applications 
and simulations, personal and mobile computing 
devices such as smartphones or tablets, Web-based 
platforms, online or distance learning programs, 

video games, exhibits or installations that feature 
digital media, wearable technology, or other tools 
support participants’ engagement with new knowl-
edge, skills, or practices. A growing body of 
research on out-of-school learning has documented 
the rich diversity of contexts and materials through 
which we develop understanding and come to 
 participate in forms of activity. This entry elabo-
rates the concept of mediation and describes the 
roles technology might play in supporting learning 
across a variety of settings.

Overview

The concept of mediation invoked in the title of 
this entry originates in the sociocultural theory 
associated with Russian psychologist Lev Vygotsky. 
A central tenet in Vygotsky’s framework is that 
human activity is not just mediated—enabled—but 
also transformed—through the use of tools. These 
tools may be either material, as in a hammer, or 
symbolic, as with language. And just as physical 
tools make new forms of action possible, symbolic 
tools likewise broaden the scope of what Vygotsky 
termed higher psychological functions—including 
reasoning, communicating, and learning. Contem-
porary digital tools often merge the physical and 
the symbolic; a smartphone, for example, is at 
once a portable handheld artifact and a powerful 
symbol-processing device. These and other techno-
logical tools mediate a wide variety of activities, 
enabling users to explore novel ideas and contexts 
and to interact and participate in new ways.

Technology-mediated learning environments, 
then, are settings in which ways of constructing 
understanding or participating in communities of 
practice are transformed through the use of digital 
artifacts. In particular, the rise of the personal 
 computer introduced a wide array of tools for 
interacting with ideas and information in new 
ways, enabling novel forms of activity and learning 
not only in classroom and school-based settings 
but also at home, online, and increasingly on the 
go, as we bring our own mobile computing devices 
nearly everywhere and interact with an emerging 
Internet of Things. As digital tools continue to pro-
liferate, taking new forms and becoming relevant 
to a growing diversity of settings, the richness and 
variety of technology-mediated learning environ-
ments likewise continue to increase. Several exam-
ples of learning environments, both formal and 




