a frontlers . . NEQROSCIENCE
For YOUNG MINDS s e S oot

HOW IS BUILDING LEGO MOPDELS RELATED TO
MATH SKILLS?
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P —— Math is usually taught using a lot of words. But, is this the way the human
brain learns math? We studied how math is related to memory, intelligence,

' \\ SYDNEY and reading in 7-year-old children. We found that memory for visual
- 12 vears ot information (things you can see) and spatial information (where things are
located in relationship to each other) is related to math skills more than

memory for words and verbal information. Interestingly, previous studies

have found that building Lego models (construction play) by following

instructions is related to math skills. This study found that the relationship

between construction play and math is influenced by memory for visual

and spatial information. The results of this study make us wonder if building

Lego models could improve the brain processes needed for learning math!

WHY WE DID THE STUDY

To answer the question “How is building Lego models related to math
skills?” we first need to figure out which brain processes are involved in
learning math. We do this by testing if certain skills and abilities like gen-
eral intelligence and memory are related to how well children do in math.
These skills and abilities are called variables because they change based on
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their relationship with each other. For example, we expect children with
higher levels of general intelligence and memory to do better at math, than
children with lower levels. The variables we tested were different types of
memory (please see Box 1) and general intelligence in 7-year-old children,
and we compared their relationship to math and reading.

After discovering the brain processes involved in learning math, we need to
find out whether building Lego models is related to learning math and how.
Building Lego models, using wooden blocks, sand, and other such toys and
equipment to create something is called construction play. While previous
studies have found a relationship between construction play and math, these
studies do not tell us the brain processes involved in how construction play
and math are related. We tested whether the variables of memory and intel-
ligence are the brain processes involved in the relationship between math and
construction play.

The first section of this article explains what researchers already know about
math and construction play. The second section explains how we tested math,
reading, memory, and intelligence. The third section explains what we found,
and finally we discuss what our findings mean to children, students, and
teachers of math.

Previous studies have tested the relationship between construction play
and math skills. One study found that teenagers who built taller block
models had better math skills than teenagers whose block models tumbled
at a shorter height [1]. Another study found that 3-year-old children who
could correctly build a block model by following instructions had better
math skills [2]. One more study found that children who built complicated
models when they were in preschool (3- to 4-year olds) had better math
scores in grade 7 (as 12-year olds) [3]. These studies tell us that building
block models by following instructions is related to math skills. However,
these studies do not tell us the brain processes involved in the relationship
between construction play and math skills. Memory is an important brain
function for math skills, and so we decided to focus on different types of
memory, to testhow memory is related to math skills and construction play.

Memory is a very large topic, and researchers divide the topic of memory to make it easier to
study. There is long-term memory, short-term memory, and working memory. Long-term
memory allows you to remember information for some time—for a few minutes, or for your
whole life. For example, if you are divided into groups and are given a number, you will
remember your group number for the entire activity. Or, you will remember your name for a
lifetime. Short-term memory stores immediate information and is erased in less than a minute.
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For example, if someone tells you a phone number and you dial it immediately and then forget
it. It is more difficult to dial a phone number if a person tells you the whole phone number at
once, as opposed to telling you the number in bits and pieces. When you work with short-
term memory, it is called working memory. For example, when you read a sentence, you need
to remember the first words in the sentence until you finish reading the end of the sentence.
Or else, the sentence will not make any sense!

Some researchers divide short-term memory into verbal memory and visuospatial memory [4].
Verbal memory stores information that is in words and is heard. Visuospatial memory stores
information on shapes, colors, and locations and can be seen. When you work with verbal or
visuospatial short-term memory, it is called verbal working memory (for example: remembering
an entire sentence) or visuospatial working memory (for example: remembering directions
given on a map).

There is one study that tested the role of verbal short-term memory and
spatial skills in the relationship between construction play and math skills.
They tested spatial skills by asking participants to guess what shape would
be made if paper was folded in a certain way. While they found that con-
struction play was related to math skills through spatial skills, verbal short-
term memory was not involved [5]. We thought it was more important to
test visuospatial memory with construction play, because to build Lego
models you need to see and place the bricks in the correct positions. We
also tested reading skills and intelligence to see if the results we found
were specific to math skills, or if their general intelligence explained why
some children were better at all variables (math, reading, and construction
play) and not only at math. To understand the brain processes involved
in the relationship between construction play and math skills, we tested
verbal short-term memory and working memory, visuospatial short-term
memory and working memory, general intelligence, math skills, and read-
ing skills.

We asked 7-year-old students from schools in Cambridgeshire, UK, to volun-
teer for our study. Of the 66 students who volunteered in our study, 30 were
girls and 36 were boys. After the study, students were given gift cards and
sweets to thank them for volunteering in our study.

We tested math skills and reading skills using a test named Wechsler
Individual Achievement Test—Second UK Edition. The math test had ques-
tions that got more difficult, starting with addition, subtraction, multipli-
cation, division, fractions, etc. The reading test had words that got more
difficult to read. Students stopped their math and reading tests when the
questions were too difficult to answer.

We tested general intelligence using a different test called Raven’s Colored
Progressive Matrices, made for children. In this test, children choose the miss-
ing pieces of puzzles that got more difficult to select.
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We tested memory using another test, called the Automated Working Memory
Assessment, on a computer. This memory assessment tested four different
types of memory, such as

o Verbal short-term memory: tested by reading a list of numbers, and asking
students to repeat them.

o Verbal working memory: tested by reading a list of sentences and asking
students to first answer whether each sentence was true or false, and then
to repeat the last word of the sentences.

o Visuospatial short-term memory: tested by showing dots on a grid and
asking students to point to the location of the dots in the order that they
appeared.

o Visuospatial working memory: tested by showing a list of sets of shapes, with
one of the three shapes in each set being somehow different from the rest.
We then asked students to point to the shape that was different, and then
to remember the locations of those shapes.

For all the memory tests, the students moved on to the next level after four
correct answers. We stopped the test when the students got three answers
wrong.

We tested Lego construction ability by giving instructions and Lego bricks
to students. The Lego models got more difficult to construct, and we stopped
the test when children were unable to correctly build the model. An example
of instructions for Lego construction is shown in Figure 1.
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We tested whether the variables (Lego building, memory, intelligence, and
reading) were related to math and reading skills using a method called
correlation analysis. Correlation analysis tests whether students who did
well on the variables also did well in math or reading. Correlation analysis
answers the first question of which brain processes are involved with math.
To answer the second question of how Lego building is related to math, we
used mediation analysis.

Mediation analysis allows us to test if a third variable is involved in a
relationship between two variables. For example, let us say a study found
an increase in ice cream sales when people go swimming, suggesting that
people who like ice cream also like to swim. However, mediation analysis
will show us that a third variable is involved. When it is summer, and the
weather is hot, people will like to eat ice cream and also go swimming, so
the relationship between ice cream sales and swimming is actually caused
by hot weather! In the same way, we use mediation analysis to test whether
memory or intelligence is the third variable involved in the relationship
between construction play and math skills. Children who are good in
math may be good at building Lego models. However, what if children
with higher intelligence and memory skills are good at both math and
construction play?

We found that math skills were related to reading skills, Lego construction,
general intelligence, and visuospatial memory. Interestingly, math skills were
not related to verbal memory. Comparing math skills to reading skills, we found
that reading skills were related to verbal working memory and math skills only.
The results of the correlation analysis with math skills are presented in Table 1.

We tested whether the variables related to math skills (visuospatial short-

term memory, visuospatial working memory, and intelligence) were
involved in the relationship between construction play and math skills. The

Math skills were related to Math skills were not related to

e | ego construction e \erbal short-term memory
o Visuospatial short-term memory e \erbal working memory

o Visuospatial working memory

e General intelligence

e Reading

Reading skills were related to Reading skills were not related to

e \Verbal working memory
e Math

Verbal short-term memory
Lego construction

Visuospatial short-term memory
Visuospatial working memory
General intelligence
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results from the mediation analysis suggest that visuospatial short-term
memory and visuospatial working memory are involved in the relation-
ship between Lego construction and math skills. The relationship between
Lego construction and math skills was not because of general intelligence.
This means that visuospatial memory plays a unique role in the relation-
ship between Lego construction and math skills, not explained by general
intelligence.

The purpose of this study was to understand the brain processes involved in
the relationship between construction play and math skills. We first found that
the brain processes of visuospatial memory and intelligence were related to
math skills, but not to reading skills. Verbal short-term memory was related to
reading skills, but not to math skills. Second, we found that construction play
is related specifically to math skills, and that visuospatial memory is involved
in the relationship between construction play and math skills, not explained
by general intelligence.

Aswe said in the beginning, we are interested in figuring out whether building
Lego models might be the secret to improving the brain processes involved in
learning math. We found that visuospatial memory is one of the brain process
involved in learning math, and that visuospatial memory is involved in the
relationship between construction play and math. So, could building Lego
models improve a person’s visuospatial memory, and therefore increase that
personss ability to learn math?

This study can answer the question of which brain processes are involved
in the relationship between construction play and math skills. However,
it cannot answer the question of whether construction play can improve
math skills. We do not know if children who have higher math skills just
happen to also have higher construction ability, or if construction play
actually improved their math skills. To answer this question, we will need
to first test children’s construction play skills and math skills, then train
some of the children on construction play. If children who get training on
construction play improve their math skills more than the children who did
not get trained, then we can conclude that construction play can improve
math skills.

The take-home message of this study is that visuospatial memory is an
important and unique brain process for math skills. Teachers and students
should try to use visuospatial memory tools to teach and understand math,
instead of only using verbal memory tools. For example, instead of learning
the multiplication tables from a chart or from a list of numbers, learning
it by placing pebbles in groups may be more helpful in understanding the
multiplication tables, and not just memorizing them.
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In conclusion, this study suggests that visuospatial memory, which is a brain
process used specifically for math, is involved in the relationship between
construction play and math skills and is not explained by general intelligence.
With a future study, we can test whether construction play can improve visu-
ospatial memory and math skills in elementary school children.
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