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Explanations are an integral part of mathematics education in primary school. This 

paper investigates some of the possible functions of explanations according to 

curriculum documents in Israel and Sweden and provides a way of classifying those 

functions. Findings indicated that explanations may have several various functions 

depending on the context in which they are requested or given. 
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INTRODUCTION  

In August 2011, at the International Symposium Elementary Mathematics Teaching, 

SEMT '11, a workshop entitled "Explanations, justifications, and proofs in elementary 

school" was coordinated by the first two authors of this paper and attended by the third 

author of this paper. The main goal of the workshop was to "familiarize participants 

with the variety of explanations and proofs which may arise in elementary school 

mathematics classes… examine instances when an explanation may be given as well as 

instances when a proof may be given" (Levenson &Barkai, 2011, p. 371). During the 

three, one and a half hour sessions, when participants from several different countries 

discussed these issues, it became apparent that the term ‘explanation’ was used often 

by many participants when discussing mathematics education in elementary school, 

but not always with the same meanings. The question arose: if we, as mathematics 

education researchers and mathematics teacher educators are using the same term, but 

with different meanings, how can we, as an international community, communicate 

with each other, investigate, and promote this very important aspect of mathematics 

education? Is this ambiguity and lack of clarity apparent elsewhere? Where do our 

different interpretations and uses stem from? Out of these questions grew the need for a 

joint study that would investigate the different meanings of the term explanation as 

well as the different roles explanations may play in mathematics education. This study 

is a first step in a collaborative effort between researchers in Israel and Sweden to 

investigate the use of explanation-related terms in official elementary school 

mathematics curriculum documents. We chose to begin with national curriculum 

documents as they often set the standards for what is learned and how that learning is 

assessed. In addition, teacher educators and teachers are usually familiar with 

curriculum guidelines and textbooks often take their cue from national standards. Our 

aim in this paper is to explore the roles of explanations in elementary mathematics 

education which may be found by examining curriculum documents in Israel and in 

Sweden.  



 

THEORETICAL FRAMEWORK 

The review in this section served as the background against which explanation-related 

terms were analysed. Explanations are used every day in the mathematics classroom 

and are an integral part of learning and teaching mathematics. They are part of the 

reasoning processes we wish to encourage among students, “Students need to explain 

and justify their thinking and learn how to detect fallacies and critique others' thinking" 

(NCTM, 2000, p. 188). They are also part of communication processes which include 

“sharing thinking, asking questions, and explaining and justifying ideas" (NCTM, 

2000, p. 194). In order to investigate the roles of explanations, we first relate to the 

essence of what is an explanation. According to philosophers of science, an 

explanation may answer a why-question (van Fraassen, 1980) or essentially, any type 

of question where the aim is to gain understanding (Achinstein, 1983). Within the field 

of mathematics, the notion of mathematical explanation is closely related to other 

notions such as ‘generality’, ‘visualizability’, ‘mathematical understanding’, ‘purity of 

methods’, and ‘conceptual fruitfulness’ (Mancosu, 2008). 

In mathematics education, explanations may be characterized by referring to their 

functions and forms. Regarding their functions, Yackel (2001) viewed explanations as 

an aspect of discourse and its first function is communicative, “Students and the 

teacher give mathematical explanations to clarify aspects of their mathematical 

thinking that they think might not be readily apparent to others” (Yackel, 2001, p. 13). 

The forms of these explanations may be dependent on the norms of the classrooms. In 

a traditional mathematics classroom, an explanation may describe the steps of a 

procedure used. Krummheur (2000) found that when learning mathematics, students 

“'tell’ or ‘narrate’ how they came to their solution, or better put how one can come to a 

solution” (p. 24). In the inquiry-based mathematics tradition, explanations 

communicate interpretations and mathematical activity to others in order to convince 

others that solutions are legitimate (Yackel, 2001). In their analysis of proof-related 

competencies in different curricula, Hemmi, Lepik, and Viholainen (2013) inferred 

that explanations are an important part of problem solving and reasoning processes and 

may be used to make mathematical connections clear, even among young students. 

Explanations may also be given to rationalize actions, both for the giver of the 

explanation as well as for the receiver (Krummheuer, 2000). Other studies 

differentiated between calculational explanations and conceptual explanations. 

Calculational explanations describe a process, procedure, or the steps taken to solve a 

problem. Conceptual explanations describe the reasons for the steps, which link 

procedures to the conceptual knowledge of the student (Bowers & Doerr, 2001). 

Another function of explanations may be to outwardly express mathematical thinking 

allowing teachers (and researchers) a glimpse into students’ mathematical thinking, 

conceptualizations, and reasoning processes. For example, children’s explanations 

when identifying a particular geometric shape were used to investigate the van Hiele 

level of geometric reasoning at which students were operating (Tsamir, Tirosh, & 

Levenson, 2008). On the other hand, Nunokawa (2010) claimed that explanations not 



 

only communicate student’s existing thoughts but may also generate new objects of 

thought by directing new explorations which may then deepen the student’s 

understanding of the problem at hand. Thus, an underlying function of explanations is 

to expand students’ mathematics learning. 

Taking into consideration the importance of explanations in elementary mathematics 

education and the various references to explanations in the literature, our research 

questions are: (1) What can we learn from official curriculum documents in Israel and 

in Sweden, regarding the functions of explanations in elementary school mathematics 

classrooms? (2) Can some common trends be found between the different countries? 

METHOD 

The first stage of this study was to gather instances of when the curriculum documents 

use the term ‘explanation’. Although this might sound simple, in reality, the work of 

translating between three languages – English, Hebrew, and Swedish – can be quite 

complex and raises several methodological issues. In Hebrew, there are two terms 

which may be translated to ‘explanation’ (‘hesber’ and ‘nimuk’). In Sweden, the word 

‘explain’ is most often translated to the word ‘förklara’. Förklara, however, is not used 

at all in the Swedish syllabus although it does appear twice in the commentary 

material. Words such as ‘beskriva’ and ‘resonera’ are used in the text in a way that 

resembles ‘explain’. ‘Beskriva’ is most commonly translated to ‘describe’ and 

‘resonera’ to ‘reason’, ‘discuss’ and ‘argue’. Because the Swedish language uses such 

terms as describe, reason, and argue, we thought to add these terms to our search of the 

Israeli documents. Translating these terms back to Hebrew proved to be just as 

complicated as translating the term 'explanation' to Swedish. Therefore, we decided to 

remain in Hebrew with the two terms presented above. Another issue which needed to 

be considered in the methodology was the format of the curriculum documents in each 

country. In Israel, the documents contain a short introduction stating the general aims 

of teaching mathematics in elementary school, followed by many examples of 

suggested mathematical activities for each grade. These activities often include a 

request for the child to ‘explain’. The curriculum documents in Sweden do not contain 

suggested activities. Instead, they are written in a general style, listing aims, short 

descriptions of core content, and knowledge requirements for different grades.  

The methodology of this study was similar to that of Levenson and Barkai (2013) and 

of Hemmi, Lepik, & Viholainen (2013). Initially, curriculum documents in each 

country were surveyed by the researchers in that country focusing on 

explanation-related terms. Previous research studies that related to the roles of 

explanations in mathematics classrooms served as background for initial 

categorization. That is, the research literature gave rise to some categories, while a 

grounded-theory approach, yielded others. Due to the differences in curriculum 

documents and terminology described above, the following iterative process was 

followed. In Israel, the term 'explanation' as it appears in the suggested activities was 

analysed. Results of this process were then sent to the researcher in Sweden, where the 

agreed upon explanation-related terms were analysed within the context in which they 



 

appeared, to see if they coincided with or could be related to any of the functions of 

explanations found in the Israeli documents. As a result of the Swedish findings, and 

because the Swedish documents are written in very general terms, it was decided to 

expand the study of the Israeli documents to include an investigation of the use of the 

two terms for 'explanation' in the introduction to the Israel curriculum.  

FINDINGS 

This section presents the functions of explanations which emerged from the study. We 

begin with the findings from the Israel documents (the Israel Mathematics Curriculum 

(IMC), 2006 and an official supplementary document entitled Standards (2009), which 

include examples of specific mathematical activities using the term ‘explain’. We then 

present findings from Sweden in relation to the findings from Israel. The findings from 

Sweden include general statements found in the documents using one of the approved 

explanation-related terms.  

Function 1: Explanation as a description of one's thinking process or way of solving a 

problem (i.e., How did you solve the problem? Explain.) 

Suggested activity from Grade One: You can buy the following toys in the store. (A 

picture of several toys and their corresponding prices is given.) Tamar has 15 NIS. She 

wants to buy two toys. Which toys can Tamar buy? Explain (Standards, 2009, p. 8) 

In the suggested activity, we infer from the problem situation that students are 

requested to explain how they arrived at an answer. The explanation can be in the form 

of an arithmetic sentence or a verbal description. This closely resembles what is 

written in the Swedish document: 

Pupils can describe and discuss their approaches in a basically functional way… 

(Skolverket, 2011a, p. 64) 

In both cases, students are expected to relay what they did and not necessarily why they 

did what they did. 

Function 2: Explanation as an answer to a "why" question where the underlying 

assumption is that the explanation should rely on mathematical properties and 

generalizations (i.e., Why is this statement true/false? Explain.) 

Suggested activity from Grade Two (p.12): (a) For each of the numbers below, try to 

write an addition sentence using two consecutive numbers. 

31   ;____ + ___ =72 ____+___ =13 ; ____+___=13____+____ =  

(b) Which kinds of numbers could be the sum of two consecutive numbers? Explain. 
(Standards, 2009, p.12) 

While the first category of explanations focuses on procedural knowledge, this 

category focuses on conceptual knowledge. By requesting children to explain their 

answers to this general question, we are encouraging them to think about the properties 

of natural numbers, more specifically, the properties of even and odd numbers.  



 

A similar example may be seen in the Swedish document: 

They [the pupils] can reason about, for example, the possibility of only getting sixes 

when throwing a die repeatedly. (Skolverket, 2011b, p.22) 

Here too, we expect students' explanation (or using the Swedish terminology – 

reasoning) for why the occurrence described above is nearly impossible, to rely on 

conceptual knowledge of probability and not necessarily on procedural knowledge. 

Reverting back to Israel, in the introduction a similar general reference to this function:  

One of the aims of teaching geometry is to develop students' reasoning skills such as, 

deductive reasoning, …raising conjectures, generalization and explanation, …etc. 

(IMC, 2006, p. 18) 

The above statement connects explanations to generalizations and reasoning in a 

similar manner as the Swedish document.  

Function 3: Explanations as interpretations (i.e., Explain what this mathematical 

statement means in an everyday context. Explain an everyday occurrence in a 

mathematical context.) 

Suggested activity from Grade Five: Explain the meaning of per cents in the following 

situations – cheese with 3% fat content, 50% discount on a sale item. (Standards, 2009, p.14) 

Interestingly, several dictionaries, such as Merriam-Webster (online) cite 

‘interpretation’ as a synonym for ‘explanation’. As opposed to the other functions of 

explanations described above, in this example the child is not requested to describe 

how or even why he did what he did. Instead, the child is requested to translate between 

everyday terminology or occurrences and mathematics terminology or concepts. In the 

Swedish documents, we see an explicit reference to this function: 

Pupils should also be given the preconditions to develop knowledge to be able to 

interpret situations in daily life and mathematics, and also describe and formulate 

these by using mathematical forms of expression. (Skolverket, 2011a, p.59) 

Function 4: Explanations as a step in directing new explorations leading to 

generalizations (i.e., Find all possible solutions and explain.)  

Suggested activity from Grade One: Cut a rectangle along a straight line generating 

two polygons. Which (kinds of) polygons can be the result of this action? Can you get 

two squares? A triangle and a pentagon? Explain. (Standards, 2009, p.22) 

This example was labelled by the curriculum as an inquiry-based activity where the 

overall aim was for children to investigate what might result from cutting the rectangle 

along a straight line. The function of the explanation here could be viewed as a combination 

of functions. On the one hand, children can explain the situation by saying what they 

did – I cut the rectangle this way and got two triangles and then I cut the rectangle this 

way and got two rectangles. On the other hand, an explanation might rely on 

mathematical properties, explaining under what conditions two squares will result 

from the cutting.  Levenson and Barkai (2013) claimed that the ultimate purpose of the 



 

explanation in this activity might be to encourage children to think of additional 

possibilities. If children explain what or why they did some action, it might lead them 

to think of other possible ways to cut the rectangle, which may possibly lead to a 

general conclusion covering all possibilities. No examples of this function were 

discerned in the Swedish documents.  

Function 5: Explanation as justifying the reasonableness or plausibility of a strategy or 

solution (i.e., Why did I choose to solve the problem in this way?) 

In Israel, we could not find an instance of this function for an explanation in the 

elementary school curriculum. Interestingly, the spirit of this category is found in the 

Swedish documents which relates in this case to mathematical reasoning.  

Pupils can apply and follow mathematical reasoning to [their] choice of methods and 

methods of calculation, … (Skolverket, 2011a, p. 64) 

This category was one of the original four functions which emerged from the study by 

Levenson and Barkai (2013). In that study, however, an example from the preschool 

curriculum was given.  

Function 6: Explanations as a means of communication 

This function of explanations may be considered an overall function or general aim of 

requesting students to give explanations, regardless of any other more specific 

function. It was mentioned specifically in the Swedish documents: 

It is equally important for one to be able to communicate mathematics as it is to listen 

… to others' descriptions, explanations, and arguments. (Skolverket, 2011b. p. 11) 

Due to the generality of this function, one can almost imagine any explanation given in 

the context of mathematical activity as raising students' ability to communicate 

mathematics. In the Israeli documents, a similar idea is found in the introduction under 

the heading of evaluating students' learning: 
When the teacher is assessing the students she should follow the students' engagement 

with tasks…. and listen to their explanations as they implement mathematical 

activities…When evaluating students' [learning] one should consider the following 

aspects: … communication skills… (IMC, 2006, p14) 

In other words, there is a connection between listening to students' explanations and 

assessing their communication skills. 

Discussion 

The first aim of this study was to explore curriculum documents in Israel and Sweden 

regarding the functions of explanations in elementary school mathematics classrooms. 

Findings indicated that explanations may have various functions and that those 

functions perhaps depend on the context in which they are requested or given. In the 

Israeli curriculum, for example, we found that an investigative task may call for a child 

to explain a solution with the possible aim that this explanation leads to further 

investigation. A different task may call for an explanation which merely describes how 

to solve the task. This leads to the issue of further studies. It might be that investigating 



 

tasks found in textbooks would lead to additional functions of explanations or that the 

same task, implemented in different ways by the teacher, could lead to different 

functions of explanations. In Sweden, the functions of explanations seem to be tied in 

with major aims for teaching mathematics in primary school. This is similar to Hemmi, 

Lepik, and Viholainen (2013) who found that the boundaries between proof-related 

competencies and more general mathematical competencies, is sometimes blurred. 

Regarding the second aim of this study, quite a few similarities were found between the 

documents, if not in the specifics, then in the spirits of the documents. One notable 

exception is that Function 4 (explanations as a step in directing new explorations 

leading to generalizations) was not found in the Swedish documents. A possible reason 

for this may be that the Swedish primary school curriculum does not seem to promote 

deductive reasoning, nor does it contain statements which relate to classifying objects, 

drawing conclusions, investigation, or observing regularities (Hemmi, Lepik, & 

Viholainen, 2013). While no instance of Function 5 (explanation as justifying the 

reasonableness or plausibility of a strategy or solution) was found in the Israeli primary 

school curriculum, an example of this function was found in the Israeli preschool 

curriculum (Levenson & Barkai, 2013). It could be that this function is less stressed in 

primary school or it could be that it was not stressed in the curriculum documents but 

might be found if we investigated tasks found in textbooks or explanations given 

during classroom discussion, both avenues for future research.  

Most of the functions of explanations described in this paper can be found in the 

literature background. For example, the first function is reminiscent of both Yackel 

(2001) and Krummheur (2000) who claimed that explanations often convey what was 

done in order to solve a problem. If this is the case, how has this study contributed to 

our understanding of the functions of explanations? Reverting back to the theoretical 

background, it becomes apparent that different studies used the same term, 

‘explanation’, but in different ways, alluding to different functions of explanations, 

without being explicit, and without being systematic. One result of this study is an 

understanding of where these differences might come from. Language differences are 

one source, cultural differences are another. For example, in Sweden there are at least 

three words which translate to 'explain', each word adding a different perspective to the 

concept of explanation; in Israel there are two words, also relating to different 

perspectives. In the recent call for papers for the ICME-12 study group on reasoning, 

proof, and proving in mathematics education, it was noted that researchers sometimes 

use the same words but assign them different meanings and that it would be helpful to 

discuss terminological work in order to foster progress as a community (Cyr & 

Mariotti, 2012). The results of this study can be used as an organizational tool for 

teachers, helping them to incorporate explanations in their lessons to promote various 

goals. The suggested classification may also help researchers who are either analysing 

the use of explanations in primary school or want to be more precise when referring to 

explanations in their discussions. By naming and classifying the different functions of 

explanations, we begin to have common ground with which to communicate.  
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