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Abstract 
 

There is a lot of ongoing research regarding the key functions of the sense of active 
touch and their links to patterns of conception and cognition, with implementations in 
the education of students who have visual disabilities. The general research aim of 
this study was to investigate levels of understanding when individuals with blindness 
apply haptic exploratory movements to explore small manipulative geometric objects. 
The knowledge of geometry is crucial for individuals with blindness because it 
facilitates the formation of conceptual maps which are very important in their daily 
life as they move from one place to another. Furthermore knowledge of geometry 
gives them the opportunity to refine their motor control and tactile skills that is also 
useful in their lives. Twelve individuals with severe visual impairments participated 
in the study. The data were obtained by a series of experiments wherein individuals 
with visual disability actively manipulated by both hands the following types of 
geometric shapes: a. two-dimensional and three-dimensional simple geometric 
shapes, and b. complex shapes. The findings, were based on video recordings, support 
on one hand the existence of an integrated mapping of the participants’ active touch 
while they were trying to detect and identify two-dimensional and three-dimensional 
figures and on the other hand the complexity of tactual shape perception and its 
uniqueness regarding every student’s thinking. 
 
Keywords: blindness, shape perception, haptic exploration, active touch, think aloud 
protocols, van Hiele, levels of understanding in geometry. 
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INTRODUCTION 
Touch is considered to be a multidimensional sense rather than a single sense. For 
example, Gibson (1962) divides touch into two main types: a) active touch or 
touching, and b) passive touch or being touched. In the first case we have impressions 
on the skin resulting from exploratory movements of the perceiver and in the second, 
the same but resulting from “some outside agency” (p.447). Katz (1989) suggested 
that it is misleading to consider touch as a single sense because touch conveys 
impressions of roughness or smoothness, of dryness or wetness, of hot or cold, of 
pressure or caress and so on. All these are partly overlapping skin sensations which 
are attributed to skin receptors.  
 
On the other hand, shape perception by touch requires many factors to be considered; 
and this is because there are many sources which provide information. Shapes differ 
in size, depth and composition and at the same time they provide different kinds of 
cues depending on the type of configuration. More analytically, there are at least six 
categories of tactual configuration (Millar, 1997). Because of their different types 
they stimulate the skin receptors in different ways and this implies every time the 
corresponding reference organisation. Millar (1994) refers to the recognition of 
shapes from vibrotactile stimulation, flat and outline forms placed on the skin and in 
the hand, small three-dimensional shapes actively manipulated by hand, large three-
dimensional objects which cannot be grasped in the hand, small continuous raised 
outlines and very small raised-dot patterns (e.g. braille).  
 
In brief, the issue of touch is roughly distinguished in two types: active touch which 
produces exploratory movements and passive touch which is characterised by non-
exploratory movements. The term movement constitutes one of the basic 
complementary sources in formulating spatial coding. It is suggested that movement 
falls in two general types; exploratory and performatory. The former type implies 
perception and the latter behaviour (Gibson, 1966). For instance, grasping an object is 
an exploratory movement or to be more precise it is a set of exploratory movements. 
This sequence of exploratory movements was found to be very common in this 
research. There is awareness on the part of the subject that s/he is trying to find out 
the shape of the object or the properties of the object or the relationships between the 
object and environment. Put briefly, the whole organism is in a state to receive and 
interpret cues from all the available senses (modalities). All this leads to the formation 
of a perception. The subjects, after this sequence of events can recall the experience 
and perform the same movements a second time more confidently because now there 
is an area of prior knowledge about the object in question. The movement is 
performatory and both kinds of movements are motivated through conscious 
procedures. 
 
Active touch is considered as one of the dominant senses for individuals with visual 
disability about the properties of the surrounding environment. Furthermore, an 
individual with visual impairment uses the respective exploratory movement 
depending on the information he/she wants to extract from an object. For instance, it 
seems that exploratory movement enclosure is used by individuals with visual 
disability when they want to extract information about the overall picture of an object, 
while other movements provide details of the object (Piaget and Inhelder, 1997). 
Additionally, it has been observed that the identification of geometric shapes by 
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individuals who are blind is based mainly on the exploration of their angles and 
curves and not of their sides. Also, it seems that the characteristics of three-
dimensional objects are learned easier and faster than those of two-dimensional ones 
(Ittyerah, 2010; Withagen et al., 2011). Finally, it seems that individuals with visual 
disability prefer to use their indexes and thumbs when they actively manipulate 
objects	  (Heller, 1989).  

The general research aim of this study was to investigate levels of understanding 
when individuals with blindness apply haptic exploratory movements to explore small 
manipulative geometric objects. The research objectives were as follows: a. describe 
types of blind participants’ exploratory movements while dealing with small 
manipulative geometric objects, b. assess blind participants’ ability to recognize small 
manipulative geometric objects, and c. describe levels of blind participants’ levels of 
understanding while dealing with small manipulative geometric objects.  
 

METHODOLOGY 

Participants 
Twelve adults from Greece with blindness (total sight loss) participated in the present 
study (age, M= 38.8). Eight participants were congenitally blind, while the rest were 
adventitiously blind with no additional disabilities. Furthermore, five participants had 
light perception. 

 

Stimulus Material 

The shapes, which were used in this study, were small three-dimensional ones, able to 
be actively manipulated by both hands. Forty two shapes were used in the present 
study. Thirty were simple (Figure 1) and 12 were complex (Figure 2). Most of the 
shapes were constructed of wood, carton board, plastic and glass. 

 
 Figure 1. Simple two- and three-dimensional geometric shapes 
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Figure 2. Complex two- and three-dimensional geometric shapes 

 

 Research procedure 

As mentioned before, 42 shapes were explored by 12 participants with blindness. In 
specific, the participants were asked to verbally describe the properties of the shapes 
in question. All experiments were video-recorded and the camera shot focused 
exclusively in the participants’ hands. A preliminary phase took place before the main 
experiments. During this phase all participants had the chance to work out some 
shapes – which were not included in the main experiments – and comment on their 
attributes, texture and material. In turn, the participant was given a tray with all 
shapes and he/she randomly picked up one by one, without time limit and described 
the shape.  
 

Data analysis 
Data analysis was based on video recording sessions. In order to analyze the data 
linked to the 1st research objective, the researchers saw the video multiple times and 
categorized all participants’ tactile exploratory movements according to a protocol 
developed by Lederman and Klatzky (1987). This protocol includes hand movements 
which can be distinguished as follows: a. enclosure (for holistic approach and volume 
of a object),  b. contour following (for holistic approach and detailed outline of the 
shape), c. lateral motion (for texture),  d. pressure (for hardness or softness), e. static 
contact (for temperature), f. unsupported holding (for weight), g. function test (for 
main function of the object), and  h. part motion test (for specific function of the 
object). The first research sub-aim was met applying the above protocol.  
 
The analysis of the participants’ verbal descriptions while manipulating the geometric 
objects, (2nd and 3rd research objectives), was based on think-aloud protocols. 
Specifically, the authors transcribed the participants’ verbal comments and 
descriptions, while dealing with the geometric objects and in turn developed 
protocols. Following, the authors used two scoring systems to analyze the think-aloud 
protocols. The first scoring method was the bit-by-bit approach. All participants’ 
verbal descriptions (verbal protocols) were transcribed and splitted into geometric 
ideas (idea unit). The maximum value of a correct idea unit would be 3 while the 
minimum value was 1 (Mayer, 1985; Nikolaraizi et al., 2012). In essence, the authors 
assessed all idea units of the participants’ verbal descriptions applying the formula: 
Mean Score (MS) = Total Scoring/Total Number of Idea Units [MS=S/NIU].  
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The second scoring system used was the holistic approach. It is called “holistic” 
because the scoring was based on the participant’s overall response. Again, the 
maximum value of a correct holistic approach was 3, while the minimum was 1. The 
point system followed the bellowed structure: 

• 3 points = participant provides correct definitions of the shape and its 
properties 

• 2 points = participant provides correct definitions of the shape without 
defining its correct properties (or vice versa).  

• 1 point = participant provides incorrect definitions of the shape accompanied 
with incorrect properties 
  

Finally, the analysis of the participants’ levels understanding during the manipulation 
of the geometric objects was based on the van Hiele’s model (Van Hiele, 1959). In 
specific, the Van Hiele Model identifies five levels of thinking in geometry:  

• Level 0 (Recognition): Recognition of shapes as a whole 
• Levels 1 & 2 (Analysis & Ordering): Progressing to discovery of the 

properties of figures and informal reasoning about these figures and their 
properties  

• Levels 3 & 4 (Deduction & Rigour): Culminating in a rigorous study of 
axiomatic geometry (Fuys et al., 1988). 
 

 Based on the above levels, the authors linked the participants’ exploratory 
movements (1st research objective) to their levels of understanding (3rd research 
objective). Following, in the results section, the authors describe briefly the 
participants’ types of exploratory movements, while they place strong emphasis on 
the participants’ understanding when dealing with geometric objects. For more 
analytical data regarding the type of exploratory movements the readers can go 
through the study conducted by Argyropoulos, Chamonikolaou, and Nikolaraizi, 
(2013). 

 
RESULTS 

Regarding the 1st objective, the authors found that all types of exploratory 
movements - as mentioned by Lederman and Klatzky (1987) - were present (see 
analytical research report in Argyropoulos, Chamonikolaou, & Nikolaraizi, 2013). 
Also, two additional types of complex movements, apart from those mentioned in 
Lederman’s and Klatzky’s protocol, were detected through the experiments. That is, 
a. the procedure of hitting an object with fingers or hitting on the table (in this way a 
sound was produced providing information about the material of the object), and b. 
the function test procedure and the part motion test procedure (with this complex 
movement the participants made use of a third surface, such as the table, in order to 
determine if the length of the sides of a shape was equal or unequal).  

The results of exploratory movements showed that the movement which was favored 
by all participants (100%) in recognizing the property of shape was enclosure (using 
palms to get a global idea of the shape) and lateral motion (using the index finger 
when the shape was small and the palms for bigger shapes).  Also the movement 
contour following was found in	  high percentages amongst the participants (81.5%) 
and by this movement the latter could figure out the exact shape of the objects they 
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explored. This movement occurred when the participants followed with their index 
finger the outline of a shape (see analytical research report in Argyropoulos, 
Chamonikolaou, & Nikolaraizi, 2013).  The rest of the exploratory movements were 
present at lower percentages. 	  	  

Regarding the 2nd objective, the authors found that almost all participants did 
manage to recognize the shapes (as a whole as well as from their properties). Both 
scoring systems gave similar results. Some extracts are provided below based on the 
two different scoring systems: 

First scoring system: bit-by-bit approach  

Formula used: MS=S/NIU 

1=min. value  &  3=max. value 

Example: (hexagon) 

Participant: it’s gotta be hexagon (3 points-idea unit=hexagon) 

Researcher: which means…. 

Participant: which means 6 sides (3 points-idea unit=side) and they are all the same 

Researcher: when you same the same you mean... 

Participant: I mean equal (3 points- idea unit=equality) and I forgot also 3 acute and 
3 obtuse angles (1 point- idea unit angle) 

Mean Score: (3+3+3+1)/4 = 2.5	  	  
	  

Second scoring system: holistic approach 

Example for a trapezium 

Participant (he picked up a trapezium): Well this shape is kind of parallelogram but 
these two opposite sides are not parallel (2 points = participant provides correct 
definitions of the shape without defining its correct properties).  
Total Score = 2 

 
Figure 1, provides information about the participants’’ overall recognition based on 
their think-aloud protocols. Based on Figure 1 only two participants (5th & 6th) had 
low average (M = 1.85 and M = 1.43 respectively) who were also congenitally blind.  
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Figure 1: Think aloud protocols and scoring 
 

Regarding the 3rd objective, the analyses of the think aloud protocols provided rich 
information about the participants’ levels of understanding in geometry based on van 
Hiele’s model. A single level seems not to be adequate to describe and classify 
participants’ thinking. Rather, we suggest that a synthesis of levels might provide a 
more integrated “picture” of participants’ understanding in geometry. Table 1 
provides information about the participants’ levels of understanding based on the van 
Hiele’s model, coupled with their average scores in their verbal descriptions from 
both scoring systems (think-aloud protocols). It was observed that when the average 
value from both scoring systems in the think-aloud protocols was below 2, then the 
corresponding level of understanding was less or equal to level 1; whereas, when the 
average value in the think-aloud protocols was greater than 2, then the participants’ 
level of understanding was greater or equal to level 1. 
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Table 1. van Hiele levels of understanding related to think aloud protocols 

Participants Average 
Think-
aloud 

Min/max values SD Van Hiele’s level 

1 2,29 1/3 0,69 1 & 2 

2 2,52 0,5/3 0,64 1 & 2 

3 2,32 0,5/3 0,57 1 & 2 

4 2,09 0,5/3 0,84 1 & 2 

5 1,85 0,5/3 0,77 0 & 1 

6 1,43 0.5/3 0,77 0 & 1 

7 2,18 0,95/3 0,62 1 & 2 

8 2,51 0,62/3 0,66 1 & 2 

9 2,25 1,1/3 0,65 1 & 2 

10 2,54 0,87/3 0,53 1 & 2 

11 2,57 1/3 0,58 1 & 2 

12 2,08 0,81/3 0,79 1 & 2 

 
Note: Level 0 = Recognition (The participant identifies the figures by name according to their 
appearance as a whole). 
Level 1 = Analysis (The participant analyses figures in terms of their properties and discovers 
properties/rules of a class of shapes empirically). 
Level 2 = Ordering (The participant logically establishes the relationships among previously 
discovered properties/rules by giving or following informal arguments). 
Level 3 = Deduction (The participant understands the role of postulates and proves theorems 
deductively). 
Level 4 = Rigour (The participant establishes theorems in different postulates and analyses them). 

 

DISCUSSION - CONCLUSIONS 
We can assert that shape perception by touch is an intersensory processing activity, 
since all the parameters analyzed in the literature review were present in the 
participants’ performances (Ballesteros and Heller, 2008; Fisher and Bornstein, 1982; 
Lederman et al., 1990; Millar, 1997). Exploratory movements provided kinesthetic 
information and it worth mentioning that movements such as enclosure, contour 
following, lateral motion and hitting the object with fingers or hitting the object on 
the table, yielded information about the temperature and texture and the properties of 
the shape. It seems that the enclosure procedure constitutes the active movement by 
which people with blindness, either congenitally blind or adventitiously blind receive 
the most information about the whole picture of the object (global approach) and the 
contour following and lateral motion procedures aim at specific properties of the 
shape (feature approach) (Homa et al., 2009; Piaget  and Inhelder, 1997).  
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Also, it is argued that individuals’ understanding does not fit neatly into one level or 
another (i.e. van Hiele’s levels). The use of “levels” satisfies the hierarchical structure 
of geometry or maths in general but it is not sufficiently refined to characterise 
thinking. This position can be justified by the following points: 1) the number of 
levels seem to be flexible, 2) performances generally seem to be spread across levels, 
and 3) performances are determined by what is taught. This implies that the nature of 
the van Hiele’s levels are more psychological than logical and undoubtedly has a 
bearing on teaching processes (Clements and Battista, 1992). That is to say, that 
progress from one level to the next is more dependent upon instruction than on age or 
biological maturation (van Hiele, 1959).  

To conclude, the influence of a teaching/learning process may accelerate the progress 
from a lower to a higher level of thinking. The previous considerations lead to the 
conclusion that van Hieles’ levels are not discrete but there is a dominant level of 
elaboration and furthermore the phenomenon of transition needs to be investigated in 
greater detail, especially when the first stage of understanding is haptic and not visual. 
For this, it is vital to conduct similar studies increasing the size of the sample 
including students with visual disabilty in order to shape a more integrated protocol of 
active exploration and correlate its elements to levels of understanding such as van 
Hiele’s levels.  
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