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Abstract 
In many countries the teaching of statistical concepts is compulsory. Primary school teachers have to 
teach basic statistical concepts, probably without having enough mathematical and statistical 
background. In addition, they may not carry positive attitudes toward the subject. In this study pre-
service teachers are instructed to teach statistical concepts with the use of different modes of 
representations, algebraic, diagrammatic, verbal and tabular. 

The target of the present study is to explore Greek pre-service teachers’ attitudes towards modes of 
representations and their translations, with the aim of developing educators’ understanding of statistics 
and their confidence in their subject awareness and their teaching methodologies. In addition, the 
study seeks to reveal Greek pre-service teachers’ attitudes towards multiple representations, to find 
out their favorite modes and their level of confidence in handling them. 

Thus, this paper explores 167 Greek pre-service teachers’ perceptions of the usage of different modes 
of representation in statistics learning. The results reveal that Greek pre-service teachers appreciate 
the value of the usage of different types of representations for understanding a concept, mainly 
because it helps them comprehend it, and realize that statistics is not a process of numbers and 
symbols. 
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1 THEORETICAL FRAMEWORK  
Understanding statistical concepts does not seem to be easy, given the variety of representations 
related to these concepts, and the difficulties inherent in the processes of articulating systems of 
representation involved in probabilistic and statistical problem solving (SPS) [1]. Statistical concepts 
are difficult to teach for different reasons, including disparity between intuition and conceptual 
development even as regards apparently elementary concepts [2]. Many researches put emphasis on 
using external representations to improve teaching and learning [3], [4], [5] [6]. In addition they put 
emphasis on using different modes of representations, or different registers of representations. 

Representations are useful in all areas of mathematics because they help improve, share, and 
preserve mathematical concepts and rich relationships. According to NCTM (2000), representations 
can help represent and deepen concepts, clarify and simplify, or extend mathematical ideas by 
centring on their essential features. The need for a variety of representations in the teaching and 
learning of probability is usually explained through reference to the cost of processing, the limited 
representation affordances for each domain of symbolism and the ability to transfer knowledge from 
one representation to another) [7]. Therefore, a translation involves two different kinds of 
representations, the initial representation and the final ones. 

Furthermore, researchers consider necessary to acknowledge the way students use and handle 
multiple representations [3], [4]. In addition many put emphasis in relation to the role of 
representations in the educational and teaching practices involved in developing mathematical 
understanding and achievement [8]. Consequently, educators’ awareness of statistical representations 
is even more crucial. Hence, the present study explores Greek pre-service teachers’ attitudes towards 
multiple representations.  

2 PURPOSE OF THESTUDY 
The target of the present study is to explore Greek pre-service teachers’ attitudes towards modes of 
representations and their translations, with the aim of developing educators’ understanding of statistics 
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and their confidence in their subject awareness and their teaching methodologies. In addition, the 
study seeks to reveal Greek pre-service teachers’ attitudes towards multiple representations, to find 
out their favorite modes and their level of confidence in handling them. 

3 SAMPLE 
The study sample was 167 Greek pre-service teachers’ from the Department of Pre-School Education, 
University of Western Macedonia, and from Educational and Policy Department, University of 
Macedonia, Greece. 32 out of 167 were males and 135 females. After being taught and having 
practiced several examples-tasks entailing different modes of representations, students filled in an 
instrument design to measure attitudes towards representations. 

4 INSTRUMENT 
The instrument has two parts. The first one explores attitudes in respect of liking, usage, difficulty and 
confidence toward verbal, graphical, tabular and algebraic representations (e.g. I like verbal 
representations in SPS; I find it easier to use verbal representations in SPS). In addition, it explores 
attitudes related to their appearance in SPS (Statistical Problem Solving) and the difficulty of the 
different modes in practice (e.g. Statistics problems can be solved in various ways by using different 
kinds of representations; I find it easy to tackle different kinds of representation), (Table 1). The 
second part explores attitudes in respect of liking, usage, difficulty and confidence toward translations 
among verbal, graphical, tabular and algebraic representations (e.g. I like mostly translations from 
verbal to graphical representations; I prefer to use mostly translations from verbal to graphical 
representations). Besides, it explores attitudes related to translation appearance in SPS and the 
difficulty of the different modes of translations in practice (e.g. Statistics problems can be solved in 
various ways by using different kinds of translations in SPS; I find it easy to tackle different kinds of 
translations in SPS), (Table 2). 

5 RESULTS 
The following table 1 presents Greek pre-service teachers’ attitudes toward different modes of 
representations. According to table 1, Greek pre-service teachers recognise the different 
representations of the same concept although the latter are quite difficult to be controlled.  

It is worth mentioning that Greek pre-service teachers consider different types of representations to be 
of great value in SPS. They seem to like graphical representations more. In addition, they prefer to 
use graphical and algebraic representations which are the easiest ones. This is the main reason why 
Greek pre-service teachers feel more confident in using graphical and algebraic representations in 
SPS. 

Table 1. Attitudes toward different modes of representations. 

Items-Part 1 negative neutral positive 
Statistics problems can be solved in various ways by using different 
kinds of representations 26.3% 22.8% 50.9% 

I find it easy to tackle different kinds of representation 46.1% 10.2% 43.7% 

Use of different types of representations is significant  in SPS 7.2% 31.7% 61.1% 

I like verbal representations in SPS 12.6% 50.3% 37.1% 

I like graphical representations in SPS 3.0% 37.7% 59.3% 

I like tabular representations in SPS 19.8% 40.1% 40.1% 

I like symbolic/algebraic representations in SPS 13.8% 44.3% 41.9% 

I used more verbal representations in SPS 15.0% 42.5% 42.5% 

I used more graphical representations in SPS 15.6% 25.1% 59.3% 

I  used more tabular representations in SPS 35.9% 38.3% 25.7% 

I used more symbolic/algebraic representations in SPS 9.6% 40.1% 50.3% 
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I find it easier to use verbal representations in SPS 13.2% 40.7% 46.1% 

I find it easier to use graphical representations in SPS 10.8% 34.1% 55.1% 

I find it easier to use tabular representations in SPS 16.8% 50.3% 32.9% 

I find it easier to use symbolic/algebraic representations in SPS 18.0% 47.9% 34.1% 

I am more confident in using verbal representations in SPS 2.4% 67.7% 29.9% 

I am more confident in using graphical representations in SPS 20.4% 37.1% 42.5% 

I am more confident in using tabular representations in SPS 53.3% 17.4% 29.3% 

I am more confident in using algebraic representations in SPS 29.9% 32.9% 37.1% 

The following table 2 presents Greek pre-service teachers’ attitudes towards translations between 
different modes of representations. According to table 2, Greek pre-service teachers recognize the 
different kinds of translations in SPS although they are quite difficult to be controlled. It is worth 
mentioning that Greek pre-service teachers value different types of translations among 
representations in SPS. They seem to like more translations from verbal into graphical, from tabular 
into graphical, from algebraic into verbal, from graphical into verbal and from verbal to algebraic 
representations, than any other types of translations. 

In addition, they prefer to use more translations from verbal into graphical, from graphical into verbal, 
from algebraic into graphical, from verbal into algebraic representations. They find easy to make 
translations from verbal into graphical, from verbal into tabular, from graphical into algebraic, from 
graphical into verbal and from algebraic into graphical representations. This is the main reason that 
Greek pre-service teachers feel more confident in using translations between verbal and graphical, 
between verbal and algebraic and between graphical and tabular representations in SPS. 

Table 2. Attitudes towards translations between different modes of representations. 

Items-Part 2 negative neutral positive 

Statistics problems can be solved in various ways by using different kinds of 
translations in SPS 7.8% 37.1% 55.1% 

I find it easy to tackle different kinds of translations in SPS 10.2% 46.1% 43.7% 

Use of different types of translations among representations is significant in 
SPS 3.0% 37.7% 59.3% 

I like more translations from verbal into graphical representations 15.6% 25.1% 59.3% 

I like more  translations from verbal into tabular  40.1% 40.1% 19.8% 

I like more translations from verbal to algebraic  12.6% 37.1% 50.3% 

I like more translations from graphical into verbal  26.3% 22.8% 50.9% 

I like more translations from graphical into tabular  41.9% 44.3% 13.8% 

I like more translations from graphical into algebraic  10.8% 55.1% 34.1% 

I like more  translations from tabular into verbal  10.8% 50.9% 38.3% 

I like more translations from tabular into graphical  17.4% 29.3% 53.3% 

I like more translations from tabular into algebraic  34.1% 47.9% 18.0% 

I like more translations from algebraic into verbal  6.0% 42.1% 50.9% 

I like more translations from algebraic into graphical  42.5% 42.5% 15.0% 

I like more translations from algebraic into tabular  12.6% 50.3% 37.1% 

I prefer to use more translations from verbal into graphical  9.6% 40.1% 50.3% 

I prefer to use more translations from verbal into tabular  20.4% 42.5% 37.1% 

I prefer to use more translations from verbal into algebraic  13.2% 46.1% 40.7% 

I prefer to use more translations from graphical into verbal  18.0% 34.1% 47.9% 

I prefer to used more translations from graphical into tabular  67.7% 29.9% 2.4% 
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I prefer to use more translations from graphical into algebraic  42.5% 42.5% 15.0% 

I prefer to use  more translations from tabular into verbal  3.0% 59.3% 37.7% 

I prefer to use more translations from tabular into graphical  37.1% 50.9% 12.0% 

I prefer to use  more translations from tabular into algebraic  46.1% 43.7% 10.2% 

I prefer to use  more translations from algebraic into verbal  50.3% 40.7% 9.0% 

I prefer to use  more translations from algebraic into graphical  10.2% 43.7% 46.1% 

I prefer to used more translations from algebraic into tabular  41.3% 38.9% 19.8% 

I find it easier  to make translations from verbal into graphical  17.4% 53.3% 29.3% 

I find it easier to make translations from verbal into tabular  29.9% 43.1% 26.9% 

I find it easier to make translations from graphical into verbal  35.9% 38.3% 25.7% 

I find it easier to make translations from graphical into tabular  37.1% 42.5% 20.4% 

I find it easier to make translations from graphical into algebraic  22.8% 50.9% 26.3% 

I find it easier to make translations from tabular into verbal  31.1% 54.5% 14.4% 

I find it easier to make translations from tabular to graphical into tabular  34.1% 47.9% 18.0% 

I find it easier to make translations from tabular into algebraic  52.7% 29.9% 17.4% 

I find it easier to make translations from algebraic into verbal  30.5% 44.9% 24.6% 

I find it easier to make translations from algebraic into graphical  31.7% 43.1% 25.1% 

I find it easier to make translations from algebraic into tabular  52.1% 34.1% 13.8% 

I am more confident in using translations from verbal into  graphical 14.4% 50.9% 34.7% 

I am more confident in using translations from verbal into tabular  25.1% 59.3% 15.6% 

I am more confident in using translations from verbal into algebraic  37.7% 38.3% 24.0% 

I am more confident in using translations from graphical into verbal  25.1% 59.3% 15.6% 

I am more confident in using translations from graphical into tabular  43.7% 33.5% 22.8% 

I am more confident in using translations from graphical into algebraic  50.9% 31.7% 17.4% 

I am more confident in using translations from tabular into verbal 42.5% 42.5% 15.0% 

I am more confident in using translations from tabular into graphical  41.9% 44.3% 13.8% 

I am more confident in using translations from tabular into algebraic 
representations 40.1% 40.1% 19.8% 

I am more confident in using translations from algebraic into verbal  34.1% 47.9% 18.0% 

I am more confident in using translations from algebraic into graphical  42.5% 42.5% 15.0% 

I am more confident in using translations from algebraic into tabular  37.1% 50.3% 12.6% 

6 CONCLUSION 
Based on the results derived from the analysis, major finding is the fact that Greek pre-service 
teachers appreciate the value of the usage both of simple representations and also of different types 
of representations for understanding a concept. These findings show, however, that there is no 
dependence between their appreciation of representations and their preference in using different 
modes and translations, their difficulties in handling them and their confidence. Their most favorite 
representations are the graphical and the algebraic ones. In contrast tabular representations seem to 
trouble them, they do not prefer them, and consequently their confidence seems to be low. It is evident 
that both initial and final representations play a role in their attitudes. Therefore, further attention is 
required in using representations and translations to enhance educators’ knowledge and confidence in 
the area of statistics. 
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