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************************************************ 

In dialogues with data we create meaning from images by making sense of and verbalizing in 

words what we see and understand (Bakker, 2004; Makar & Confrey, 2005). Therefore two key 

components for promoting statistical reasoning are image and language. To determine what 

makes a good question we need to address: Does the language used invoke an image which 

shows what the question is asking and does this image highlight exactly what we need to find out 

about to be able to answer the question? Does the investigative question ask what we really mean 

(Arnold, 2008)? To answer these questions the use of precise language is critical and vocabulary 

and sentence structure are important.  

Our investigative question in the guide, “Do right foot lengths  for 13 year-old NZ boys tend to 

be bigger than right foot lengths for 13 year-old  NZ girls?”,  ensures  there is  a strong  link 

between the precise language used and a mental picture. The question is structured with the key 

element, right foot lengths, at the very front of the question. This sentence structure helps to 

readily invoke an image of two distributions of right foot length measures, one for 13 year-old 

NZ boys and one for 13 year-old NZ girls, both drawn against the same scale which presumably 

would be in centimetres. The visual image shows the foot length distribution for the boys  shifted 

further up  the scale  than the girls’.  This is an appropriate image because it is at the heart of 

comparative reasoning for this age level, the comparison of two measure distributions. The 

image shows not only what the question is asking, but also what we need to specifically do to be 

able to answer it: compare right foot length distributions for boys and girls and in particular their 

relative locations. The appropriate image may vary depending on student-age and developmental 

stage for statistical inference. At age 14 years, the inferential comparative reasoning argument 

appeals directly to the degree of the distributional shift rather than the shift of some measure of 

centre. The investigative question reflects the basis of this argument through the use of the word 

tend. At later stages, when the basis of the comparative reasoning argument appeals to the 

relative distance between centres, the investigative question should  contain  wording  about  the 

distribution’s centres,  average, median, mean or even typical.  

Some underlying assumptions are that the reader of the question: can differentiate between 

population units (e.g., boys) and measures (right foot lengths) made on those units; understands 

the meaning of the words used in the question (e.g., tend); and when thinking about right foot 

lengths, can conjure up a mental image of how right foot lengths might be distributed, that is, a 

mental image of a distribution of foot lengths.  

Our investigative question also seeks to promote the concept of two populations, (a population of 

13 year-old boys and a population of 13 year-old girls) rather than one population of 13 year-olds 

and two sub-populations, boys and girls. We believe that when the primary connection we are 

trying to build is between the population and sample, it is confusing for beginners to be 



introduced to ideas about sub-populations and sub-samples as well. Some students at this level 

will have only ever used population in reference to all the inhabitants of a country,  for 

example,  “the  New  Zealand  population”, or as the  total  number of inhabitants  of a country, 

“the population of New  Zealand  is just over  4 million”  rather than  as a label for any entire 

group of individuals or units that we are trying to find out about. So, in this investigation, 

students need to understand that we are dealing with all 13 year-old NZ boys (a population) and 

we are interested in their right foot lengths. These measures give rise to a population distribution 

of their right foot lengths. Similarly for the population of 13 year-old NZ girls, and it is these two 

population distributions that we want to compare rather than the populations per se.  

 

Most students at this age-level have tend as part of their natural language vocabulary. An 

understanding of the meaning of tend in a more well defined technical sense is required here. 

Just as precise language usage can be used to conjure up a mental image, an image can be used to 

convey language meaning. Visual imagery is one of the most powerful tools we have for 

explaining word meaning. Visual imagery can be used to convey the meaning of tend and also 

the other key words such as distribution, location, overlap, and shift which are commonly used 

in comparative reasoning language. According to Bakker, Biehler, and Konold (2005), however, 

conceptions of the shift view are difficult for students. Hence learning experiences such as 

physically shifting two population distributions A and B relative to each other further up or down 

the scale will be necessary. Similarly visual imagery is insufficient for conceptions of 

distribution and student learning needs to be scaffolded earlier, over many years, from an 

individual case mode towards viewing distribution as an entity (Konold and Higgins, 2003; 

Bakker & Gravemeijer, 2004). Therefore before 14-year-old students can engage with 

comparative reasoning at the level we are suggesting they need to have distributional 

conceptions in place.  

The distribution display allows for verbal interaction with students in their natural language: 

“When  we shift distribution A further up the scale from distribution B, then A tends to be 

greater  than B” and  at  the same  time  interact  visually by letting them  see distribution A 

move further up the scale relative to distribution B. It can be pointed out that tend doesn’t  imply 

that every value in distribution A has to be greater than every value in distribution B, some of the 

values in B can be bigger than some of the values in A and this means that complete separation 

of  the distributions  isn’t necessary.  Starting with  the students’ natural  language “A is shifted 

further  up the scale  from  B” it can  be a short  step to  the use and  understanding  of  

jargon like distributional shift.  

Students’ everyday language can also be used as a starting point for developing an understanding 

of what makes a good question. For example, students may ask the question, “For 13 year-old 

students  in NZ,  are boys  bigger than girls?” To further clarify the issues we considered we 

now lay out in Figure 2 refinements of this starting question. We discuss the images suggested 

by the language and the ideas they promote and explain why such questions have shortcomings.  

  



Type of Question  Ideas Promoted  Discussion Points  

For 13 year-old students in NZ, are the 

boys bigger than the girls?  

Motivating question posed in 

everyday common language.  

Good  starting question  because  it is posed  in  a student’s  everyday 

natural language but it gives no indication as to what we need to 

specifically find out about in order to answer the question.  

Are 13 year-old NZ boys bigger than 

13 year-old NZ girls?  

Promotes the idea of two populations 

but gives no indication of what is 

meant by ‘bigger’.  

An improvement because it presents the idea of comparing two 

populations but still makes no mention of the measure to be used. 

What do we  mean  by  ‘bigger’?  Are we asking,  are  they  taller  or 

heavier or… ?  

Do 13 year-old NZ boys have bigger 

right feet than 13 year-old NZ girls?  

Identifies a body measure to determine 

‘bigness’ but  the  focus is on 

the  units.  

Tells us that right foot lengths are going to be used to determine 

‘bigness’.  The question, however,  remains  ambiguous.  Is it asking if 

all boys have bigger right feet than all girls? We can clarify this issue 

by using a summary point like a centre to help refine the question.  

Does the typical/average 13 year-old 

NZ boy have a bigger right foot than 

the typical/average 13 year-old NZ 

girl?  

Compares summary points or centres 

in the two populations but the focus 

still remains on the units rather than 

the measures.  

The word ‘average’ or ‘typical’ is being applied to the unit rather than 

the  measure.  The word  ‘average’ is  often  applied  in  this  way 

because  of its strong personalising effect; it has the idea of an average 

person.  

Do 13 year-old NZ boys have, on 

average, bigger right foot lengths than 

13 year-old NZ girls?  

Focus is shifting from centres in the 

two populations to centres of the two 

distributions.  

The  application  of ‘average’ is  ambiguous. It is  not clear whether 

‘average’ is  being  applied  to  the  unit or  to  the  measure.  

Do 13 year-old NZ boys tend to have 

bigger right foot lengths than 13 year-

old girls  

Focuses on the population units rather 

than the measure and their two 

distributions.  

Still have the focus on the units rather than the measure and it is not 

clear what we need to do to be able to answer the question. A possible 

interpretation could be if we take any 13 year-old boy and any 13 

year-old girl, then do we expect the boy to have a bigger right foot 

length than the girl? These questions do not invoke any clear visual 

imagery and it is difficult to imagine how we could find an answer to 

them.  

Is the average right foot length for 13 

year old boys bigger than the average 

right foot length for 13 year-old girls?  

Focus is on the measure and compares 

locations of the centres of the two 

distributions.  

No image of distributions and their associated variability.  

Do right foot lengths for 13 year-old 

NZ boys tend to be bigger than right 

foot lengths for 13 year-old NZ girls?  

Focus is on the measure and their two 

distributions.  

Readily portrays an image of comparing locations of two distributions.  

Figure 2. Summary of different wordings of questions and ideas they promote 
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