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We present a summary of the results and a sample of illustrative participants’ productions of a qualitative
research study aimed at exploring the models produced by student primary teachers when addressing an
estimation task in which the three spatial dimensions play a major role and the objects whose quantity is to be
estimated are deformable. Under a grounded theory approach, we analyse the written productions of 80
student primary teachers who were asked to quantify the amount of bunches of grapes that fit in a box of
given dimensions. We highlight the diversity of models (linearisation, base unit, density, direct estimate,
counting; also found in related studies) and of magnitudes (volume, length, area, weight) on which their
models were based. Geometric considerations (e. g., using a geometric body to model a bunch of grapes)
were mainly in the service of metric interests (calculating volumes) and rarely to spatial ones (e. g.,
arranging the bunches in the box). Our findings extend and add value to those observed in related studies.

Categories of models identified in our analysis

* Linearisation. The 3D-question is transformed in three 1D-questions. Length, height and width
measurements of the content are assumed and the numbers of times that these respectively fit into the length,
height and width measurements of the container (expressed in the same units) are obtained. The product of
these numbers is offered as the final answer.

* Base unit. The measure of a specific magnitude of the container and the measure of the same magnitude of
the content (the “unit”) are estimated. Then the first is divided by the second and the quotient of this division
is given as final answer.

* Density. A subspace of the container is prefixed and the number of objects of content that fit in it is found
out. Then this number is multiplied by the number of times that the prefixed subspace fits in the container,
giving this product as final answer.

* Direct estimate. An estimate of the content that fits in the container is directly given without any
intermediary calculation. Some considerations can be included but how (if so) they are taken into account in
the given estimate is not made explicit.

» Counting. It refers to counting the number of content objects needed to fill the container.

Names of the categories were motivated by the nature of the models they house and the existing ones in
related research studies (e. g., Albarracin & Gorgorid, 2014; Ferrando & Albarracin, 2021; Segura, 2022).

On the models identified in our analysis

This works describes models used by student primary teachers when addressing a geometric estimation task
consisting on quantifying the number of content units (bunches of grapes) that fit in a given container
(dimensioned box). According to the approach to face the task, we identified up to five categories of models
in the student primary teachers written productions: linearisation, base unit, density, direct estimate and
counting. Subcategories of the first three were described under the consideration of two characteristics: the
main magnitude involved and the geometric treatment carried out in the models, namely the geometric body
to model the content unit and the arrangement of the content in the container. Regarding the first, we
highlight that several models and many of the productions are based on a different magnitude to volume. The
most frequently used models fall into the categories of linearisation, base unit based on volume and density.
We underline the unexpected consideration of the magnitude weight in the base unit model, based on the
estimation of the weight of a content unit and an attempt to convert the measure of capacity of the container
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into “the measure of weight that it can hold”. Regarding the second characteristic, density focused more on
the arrangement of the content (stacking in the box) than on its shape, more often considered in base unit
models.

In another order of things, the impact of the geometric features taken into account in the design of the
estimation task (namely, the singular shape and deformability of the content and the relevance of the three
spatial dimensions) was different in the distinct categories of models. In linearisation, direct estimate and
counting they seem to have had less impact. In contrast, base unit models aimed to better geometrically
modelling the content unit according to its shape through the use of cones and pyramids for the bunches of
grapes, and spheres for the grapes themselves.

On the similarities and differences of the models with those identified in other related studies

Among the main research interests motivating the presented study was to explore if considering deformable
or irregularly shaped objects in estimation tasks would lead to new models not based on reductions to 2D
estimations as the described in a series of works (e.g., Albarracin & Gorgorio, 2014; Ferrando & Albarracin,
2021; Segura, 2022). Remarkably, the models observed in our study and the categories described on them are
closely related to those reported by Segura (2022), being possible to establish a correspondence between
both. The impact of the aforementioned features of our proposed task seem to have been on the magnitudes
involved in the models and the geometric treatment of the content. In this sense, the categories proposed in
our study can be thought as an extension of those described in Segura (2022).

Sample of participants productions illustrating the categories of models

Figures 1-10 show pictures of original participants productions (on the left/up) and their translations to
English (on the right/bottom), exemplifying the use of the models described above.
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We do not know how much 1 bunch of grapes
occupies

Volume of the box=1-0’5-0’5=0°25
0’25 m=25cm

If the height measures 100 cm, and each bunch of
grapes measures 20 cm high, 5 bunches fit in each
TOW.

If the length and the width measure 50 cm, and the
width of the grapes is 10 cm, 5 bunches will fit in
length and width.

5-5-5 =125 bunches

Figure 1: Linearisation (S158)
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To obtain the response, since we do not have tha data about
the size of the bunch of grapes, I have estimated that its
altitude is 0’1 m, its length 0’05 m and its width 0,025 cm.

To know how many bunches fit into the box, we need to
calculate the capacity of the box and the volume of each
bunch.

Box:1x0,5x0,5=0,25m3
Bunch: 0,1 x 0,005 x 0,025 =0,000125 m3

Knowing these data, we divide the capacity by the voume to
obtain the number of bunches that fit inside.

0,25 : 0,000125 = 2000 bunches

Thus, according to the estimated volume of the bunch, 2000
bunches fit in the box.

Figure 2: Base unit based on volume, implicit cuboid, fluid treatment (S76)
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Box area: 1 x 0.5 x 0.5 =0.25 cm? of box
Area of a bunch of grapes (aprox)
X = number of bunches

Assuming that a bunch of grapes is 0.20 m long and 0.10 widte and
0.10 high (as if it was a small box)

V of a bunch of grapes =0.20 m x 0.10 m x 0.10 m = 0.002 m?

If the volume of the box is 0.25 m? and the volume of the bunch of
grapes is 0.002 m? we can calculate the number of bunches. For
this, we must perform a division and hence, we can calculate the
approximate number of units.

V of box / V of bunches = 125 units of bunches

The result obtained is a mere estimation, since the volume of the
bunches of grapes has been thought as if it was a box (considering
all its area). It is worth noting that this result will always depends
on the measure of the sizes proposed for the bunches. Moreover,
not all bunches are of the same size, this is another variable that has
not been taken into account.

Figure 3: Base unit based on volume, explicit cuboid, fluid treatment (S107)
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Figure 4: Base unit based on volume and cone (S160)
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Figure 5: Base unit based on volume and pyramid (S150)
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Figure 6: Base unit based on weight (S82)




Volume of thebox =1X%xa X al=1 X 0,5 X0,5=0,25 m?

Knowing that the volume of the box is 0,25m?, we can estimate the
volume of the grapes.

V=4pir*/3=4pi0,02°/3=0,00008 m*

I have estimated that the radius of a grape is 2 cm, which amounts
to 0,02 m, so the volume of a grape is 0.00003 m>.

Next, we calculate how many grapes fit in 0.25 m?.

0,25/0,00003 =255,3

Taking into account that they do not have a shape that fully adapts
to the interior of the box, some ones should be removed, given that
not the whole space would be filled by grapes. I perform this
calculation approximately, given that I can not know it exactly.
Because of this, I have thought that, in total, about 700 grapes
could fit.

If there are about 10 grapes (approximate data) in each bunch, 70
bunches fit.

Figure 7: Base unit based on volume, sphere and non-fluid treatment (S12)

- Each answer of each student will be different.
unless we are given the size of the bunch of grapes,
the result will never be the same

- If the problem needs an answer, we should give
proportions and sizes to the bunch. We would
calculate the area of the box and of each bunch.

For example, if we obtain 100 cm? for the area of
the box by means of the formula

AS = lw + 2lw + 2lh and the bunch 20cm?, 5
bunches fit.

Anyways, there would hardly ever be a solution to
this problem, since each bunch of grapes is a
different size.

Figure 8: Base unit based on area (S10)
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V=beaxht

V=05x05— base area=1x1=0.5 x 0.5

x=number of bunchs = V=h x base area= 0.25 x 1 = 0’25 m?
0’5m=50cm

2500 =50 x 50

2500 cm = 0’25 m?

1 bunch per cube
25 per level
25 x 10 =250 bunches

The problem has no solutoin, given that we need the size of the grapes or some data to
obtain it, so that we can calculate the space that they occupy

Figure 9: Density (S153)

ANSWER: In the box certain bunchs will fit
depending on their weight and size. According to
the size of the box, I estimate that 20-40 bunches
fit.
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Figure 10: Direct estimate (S109)
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