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Research lesson: May 14, 2019 
 

Focus: Mental Rotations 
 

Main Research Question: 
How does a focus on mental rotations support children in other areas of mathematics?  
 

AGENDA 
10:00 am – 1:30pm 

 
10:00 am  Introductions and sharing from the team  
11:15 am  Working Lunch 
11:45 am  Research Lesson 
12:30 pm  Debrief 

i. Educators directly involved in delivering the 
lesson 

ii. Observations from the rest of the M4YC 
research team 

iii. Comments from guests 
iv. Wrap up and summary by Dr. Cathy Bruce 

1:30 pm   Finish   
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About M4YC 
Math for Young Children (M4YC) is a research project focused on early mathematics and spatial 
reasoning. M4YC is a large-scale research study led by Principal Investigator Dr. Cathy Bruce 
(Dean of Education at Trent University), which has involved over 170 educators and 1200 
students at 17 research sites since 2011. The impetus for this research included findings in the 
literature that demonstrated the crucial  importance of early mathematics for later school 
success, as well as the importance of spatial reasoning as a process that supports this success. 
(And in spite of its importance, a gap in our understanding and explicit attention to spatial 
reasoning in the classroom.) Our findings to date indicate that spatial reasoning does indeed 
provide critical support for children in their understanding and ability to communicate across all 
areas of mathematics, and allows us as educators to better understand and support the many 
strengths that children bring to mathematics learning.  
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M4YC Research 2018-2019 
 

The team:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This year, M4YC participants included teachers and early childhood educators from two 
Kindergarten classes at Roger Neilson, as well as three Kindergarten classes and a Grade 1 class 
from other Peterborough schools (Otonabee Valley, Armour Heights and Westmount), along 
with members of the KPRDSB math team and an embedded math coach.  
  

With: 
 
• Dr. Cathy Bruce and Tara Flynn (Trent University) 
• Ashley Woollacott (KPR math coach) 
• Teresa Kingston, Deb Knox, Jeanette Spicer, Angela Green (KPRDSB math team)  
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Why focus on spatial reasoning? 
• Spatial reasoning, involves the location and movement of objects and ourselves, 

either mentally or physically, in space. 
• We are mobile organisms living in a 3-D world: “spatial intelligence has evolutionary 

and adaptive importance.” (Newcombe & Frick, 2010) 
• Empirical evidence indicates that spatial imagery reflects the ability to solve 

mathematical problems, especially non-routine problems. (e.g., Casey, Nutall & 
Pezaris, 2001; Wheatley et al., 1994) 

• Three reasons to pay attention to spatial reasoning in mathematics: 
o Spatial thinking and mathematic thinking (and achievement) are intricately 

linked. (Geary, 1996; Dehaene, 1997; Mix & Cheng, 2012; Cheng & Mix, 
2013; Verdine et al., 2014) 

o Spatial ability is a predictor of success in STEAM disciplines. (Wai, 
Lubinski & Benbow, 2009; National Research Council, 2009; Newcombe, 
2010, 2013; Gunderson, Ramirez, Beilock & Levine, 2012; Farmer et al., 
2013; Verdine, Irwin, Golinkoff & Hirsh-Pasek, 2014) 

o Spatial thinking is malleable and can be improved through education and 
experience. (Uttal et al., 2013) 

 
• And yet…in spite of what we know of its importance, we have not explicitly supported 

spatial reasoning in school and are just beginning to understand how to do so.  
 
 
 
 
  

Structure of M4YC research and professional 
learning in 2018-2019. Six sessions (blue 
diamonds) were held over the course of the 
year. The final session in May will involve invited 
guests to take part in research activities as a 
means of sharing the learning of the team with 
the wider KPRDSB and Trent communities.  



 5 

 

STUDENT INTERVIEWS 
 
A sample of students from each class participated in the following one-to-one task-based 
interviews with researchers: 
 
These tasks will be repeated with the same students after the public research lesson 
day, to look for changes in understanding.  

 

1. Magnitude comparison  
 
 
(Nosworthy, Bugden, Archibald, Evans & 
Ansari, 2013) 
 
Which means “more”?  
 
Comparison of dots to dots, numerals to 
numerals, and mixed 
 
 
 

 
 

2. Number Knowledge  
 
Number Worlds  
 
Oral assessment of children’s number 
sense and basic arithmetic 
 
 
 
 

 

3. Children’s Mental Transformation 
Task 

 
(Levine, Huttenlocher, Taylor & 
Langrock, 1999) 
 
“If you could move these two shapes to 
make one shape, it will look like one of 
these four…which one will it be?” 
 

 
 
 
 
 
 
 
 

4. Give N Cardinality task 
 
“Can you give turtle 6? Is that 6? Ok now 
can you give panda 6?? 
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EXPLORATORY TASKS & OBSERVATIONS 
 
Based on our observations of ways children engaged with the one-to-one interview 
tasks, the team began trying out and developing related tasks for classroom use. 
 
Phase 1: Broad exploration in spatial reasoning 
 
Tasks Observations 
 
“Cube stories” (Build it in your 
mind) 

 
 
 
 
 
 
 
 
 

 
• Best done with a small group. 

Children enjoyed it.  

 
Quick shapes/quick draw 
              Can you make this?  
 
 
 
 

 
 
 
 
 

• Fun, high engagement and curiosity 
• a lot of positional language 
• correcting one another and verifying 

with one another in a kind way 
• improve at verifying with practice 
 

 
Race to 10  
 
 

• Difficult for children to hold the 
previous number in their mind and 
count on 

• Leads to composing and decomposing 
number (e.g., how many more do I 
need to get to 10?) 

• Tried with Grade 5 reading buddies 
(was challenging even for Grade 5 
students to count on)  

• Noticed increase in children’s number 
recognition  
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Phase 2: Exploring mental rotations and number tasks  
 
Five Mental Rotation Quick Tasks 
 
These Quick Tasks are for use during transitions, as carpet activities or as small group tasks. If 
time available and students are showing readiness, continue with think aloud opportunities 
(What did you see? How did you figure that out? Why do you think it is that answer?)  and 
continue by providing more examples, or variations on the game.  
 

1. Quick Task – Use the Elmo 
 
Show two black figures (decomposed and rotated) 
Show three choices of composed figures. 
Students make a choice about which composed figure is the answer à Talk about it 
(how did you decide which was the right answer (think aloud) à follow up with 
students by naming the strategies that they are using 
 
Variations: 

a. Small card with the two figures on it. 
Use four corners of the carpet, where each corner has a different choice/answer. 
Students go to the place where they think the composed figure is the answer. 
 

b. Sight word connections and ‘write the room” 
 

 
2. Symmetrical Letters 

 
Show students a letter that has been split down centre and rotated. 
Hold up the card and ask: 
 
If you rotated these two shapes and put them together, which letter would you make? 
 
 
 
 
 
 
 
These letters are all symmetrical: 
A H O M T U V W Y X  
 
 

3. Matching Game 
 
I have … Who has … 
Half the students each have a card with the two figures on it. 
The other half of the class/group each has a card with the answers (one composed 
figure) which is the CORRECT answer. 
Note: To have full matching of pairs of students, there should be one correct composed 
figure for every pair of decomposed figures. 
 

H 
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4. Missing Cut-Out 
 
What fits into the missing space? 

 
Three or four choices with one correct answer that is rotated as in example above. 
Templates shared. 
 
Variation: Try one round with same size exact figures, but then other rounds could have 
the figures for the four choices of answers shrunk or expanded, proportionately 
(dilation). 
Sort of like the example below (bottom cut-out is larger than the four choices for 
answers): 

 
 
 

5. Decomposing with Symmetry in Mind 
Inverse Levine: Question for students - Which of these four figures can you cut in half 
and rotate to make the two shapes?  
Ask Tara to share other items from the CMTT task that are not in the 16 questions that 
we are already using for the pre and post clinical interviews with students. 
 
 
N + 1 tasks  
 
1. Open exploration (without attention to arrangement)  

Possible contexts: Fishes in the pond, bumble bees in the beehive, relate to student 
interests  
 

Materials:  
• Physical materials such as construction paper “pond” and different items to 

represent fish, cars, bumblebees etc.  
• Mixing representations, e.g., in addition to the aural number symbol, sometimes 

flash cards showing amounts, sometimes the symbol, sometimes the objects 
(mixing concrete, auditory, numeral, and dot representations) 

o Include different ways of hearing or seeing the number; e.g., Show a 
dot card with 6, or a numeral 6, and say, we want one more than this 
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• VARIATION: virtual version on the smartboard 
Note: We talked about cloning items such as fish so students can create sets on 
the interactive whiteboard. We thought this has potential and would be 
appealing to students as a centre. However, we talked about considering the 
nature of the manipulation on the smartboard (can’t move multiple objects at 
once) and how that dictates the way that students create sets and what we can 
observe (for example, we won’t be able to observe if they can subitize a small 
collection such as a handful of fish and then add on because the technology 
wouldn’t allow this). So it is possible that physical objects might be better at first, 
or another possibility is to do it both ways using physical objects at one centre 
and virtual at another and observing the affordances of each.  
 

Questioning: 
i. We need 6 fish in the pond, what could that look like?  

 
ii. We have n (6) , let’s add 1 more, what would it look like now?  

OR  
We have n (6) what if we want (n+1) (7) what would we do if we wanted n 
+ 1 in the pond? 

 
Ask - is that 7? (checking for cardinality) How do you know? 

 
iii. If children are showing facility with one more, we can  do n - 1 ( shark 

eating fish) 
 

Ask - how many do we have now? How do you know?  
 
 
2. Structured exploration (with attention to arrangement using 10-

frame)  
Possible context: Cars in the parking lot 

 
Materials:  
• Introduce ten-frame into the activity. Same questioning structure as above.  

 
 
3. Quick flash (encouraging visualization)  

Show your ten-frame for a few seconds: I’m going to show you my parking lot ( 
quick flash) can you make your parking lot look like mine? 
 
At first might want to try leaving it up so students can recreate (without having to 
remember it). Tell them that later we are going to hide it and you will need to try to 
remember and recreate it. Once students have created their 10-frames, compare to 
the original.  
- Was it the same amount?  
- Was the arrangement the same or different?  
- Accept different ways of filling in the 10-frame as legitimate. Move towards 

noticing with students whether there are ways of filling it up that can help us to 
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“see” the amount more easily? This might be down the road to move towards 
getting children to notice 5+n arrangements to 10.  

 
Phase 3: Deepening our focus on mental rotations 
 
Find the Key That Fits – Light Table, Concrete Objects, Smart Board 
Materials: 
Black and white images on card stock (key holes & keys) 
Students will look at keyhole images and decide which key would fit. The sequence of 
activities begins with a hands on activity where students will manipulate the keys to fit. 
In the second part, the students will have the opportunity to only look at the images to 
determine which key fits (no manipulation).  
 

1. Hands On 

Print out of keyhole on light table (fixed) and selection of keys (loose) 
Teacher:  “I’m wondering if you can find the key that fits.” 

- Observe how student manipulates keys in order to find the matching one. Use 
Observation Guide for notes. 
 

2. Mental Rotation 

Print out of keyhole and selection of keys (fixed) 
Teacher: “I’m wondering if you can find the key that fits.” 

- Observe how student uses gestures and language to describe how she/he 
chooses the matching key.  
 

3. Hands On – Broken Keys (same keys, cut in two pieces, not necessarily 
symmetrical) 

Print out of keyhole (fixed) and selection of broken keys (loose) 
“I’m wondering if you can find the key that fits.” 

- Observe how student manipulates keys in order to find the matching one. Use 
Observation Guide for notes. 
 

4. Mental Rotation – Broken Keys 

Print out of keyhole (fixed) and selection of keys (fixed) 
“I’m wondering if you can find the key that fits.” 

- Observe how student uses gestures and language to describe how she/he 
chooses the matching key.  
 

Key Ideas 
- When the shapes are the same, we say they are congruent. 
- How can you move the key to make sure it fits? 
- I noticed that you rotated the figure to the right/left to make it fit. 
- How are these two shapes the same/different? 
- Why is it not this one?  
- Why is it not one of the other figures? 
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Phase 4: Revisiting the link between mental rotations and number  
 

SAME AND DIFFERENT 
 

VERSION 1: Shape Mats 
 

1. We’re going to play a game! Same and 
different. (The children cannot touch the 
objects.) 

2. Present them with the shape mat (shapes 
already there but the bottom four are 
covered.) 
a) What do you notice? 
b) Now reveal the bottom four shapes. 

 
c) What do you notice now? (Maybe draw 

out some of the different/same language) 
d) How are these different from the top 

shape? 
e) How are these same? 
• We want them to visualize and verbalize 

(not verify) 

When taking back to your room, you can model this activity to a whole group and then 
set up as a station or activity and allow them to play and create their own game. 

f) Verify: How can we be sure they are exactly the same? What would have to 
do to make this one the exact same? (Hoping for words like rotate, turn, 
slide etc.) 

g) Then they do it. (They can manipulate the objects now.) 

VERSION 2: Cube Trains 
1.  “Look at these two cube trains.” [8 cubes in each train, 2 

colours of cubes in different combinations]  
2. Ask “What do you notice?” 
3. [What’s the same? What’s different?] 
4. Pick one cube train and say “What would I have to do to 

make this one exactly the same as that one?” 
• Visualize 
• Verbalize 
• Verify – Prove with cubes 
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SUMMARY OF OUR LEARNING SO FAR:  
 
Math Language: 

• Giving kids opportunity to speak and look at their beginning language, how they 
connect to the math 

• Pairing their understanding with higher level math language (e.g., “same” and 
“congruent”) 

• Development in language skills 
 
Student Math Knowledge: 

• Amazing to see what kids already know 
• Student abilities; they are catching on so quickly; where one task is helping them 

with the next task --- a continuum 
• Focus in – amazing what they know. I was really interested in the kids who I 

didn’t estimate they could do things 
• Mental rotation task so fascinating; how they visualize, hold onto pictures and 

talk about it later. I wasn’t expecting the strengths they had in that task (some of 
my ‘weak’ students were surprising me in their ability to hold onto that shape 
and move it in their minds); I was really pleasantly surprised at their abilities; 
perception of student ability changed 

• Surprised at the interest and stamina of the children in these tasks 
 
Gestures as a Form of Communication: 

• Noticing gestures all the time (not just the students but teachers too) and talking 
to other teachers about the importance of gestures (did you know that research 
shows that students learn more when we and they gesture?) 

• Hand and body movement as forms of communication intriguing 
• Importance of gestures, intentional placement of materials and bodies 
• Links of body to language 
• Gestures are part of showing how they know something 

 
Observing and the 3 Vs: 

• Use of the observation guide allowed me to see multiple ways that children can 
show knowledge.  

• Listen and see what kids know (powerful to step back and really listen – 
surprising what they already know) 

• Watching students taking on the teacher role has opened my eyes to how much 
they really do learn from each other  

• Importance of slowing down the learning (and taking time to hear how they see 
it in their mind before we impose something on them) 

• Importance of the questions we are asking; getting students to explain their 
thinking; careful questioning is a real two-way exchange – they have a voice (and 
sometimes they don’t get this chance) 

 
Visualizing and Mental Rotations: 

• Visualizing, mental rotations, and “I moved it with my eyes” 
• Brain growth (mental exercises) making them stronger in all subject areas 
• Power of visualization 
• Amazing how the students could hold and move images in their minds 
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• Doing mental rotations opened things up to multiple ways of doing things lots of 
time to think and verbalize their thinking (multiple entry points – low floor, high 
ceiling)  

• Attention to process and noticing movements and offering the students think 
time was big for me 

• Curiosity and sense of fun of the students (interest and sustained 
stamina/persistence) – they were invested (because the talk was coming from 
them) 
 

Teaching: 
• Huge variety of activities you can use and can modify (it impacts all areas of the 

curriculum)  
• One to one time with the children was great, and listening to their language 

 
Task Quality: 

• Simple tasks but brought out so much language, and surprised us 
 
Broader Curriculum Implications: 

• Links between this math learning and their reading development, and 
connections to their overall academic success (spatial reasoning as a predictor). 
Even if they aren’t reading ready yet, they can do this, and they love it and it’s 
easy to fit in. I’m helping them learn to read when we do these tasks.  

• Learning is measurable and noticeable; and the learning transferred to other 
areas 

• Not a lot of expectations related to spatial sense in the curriculum (but there is 
so much more); This has allowed me to look for evidence of student learning in 
different ways (e.g., gestures are part of showing how they know something) 

 
Space and Number Connections: 

• Finding deeper connections of space and number than previously thought – 
coming alive 

• Importance of quantity – not just number 
• Bringing together mental rotations and quantity = more bang for our buck  

 
Student Confidence: 

• Astounded how mental rotations empower students, reaching all of your 
learners; They all have something to say/contribute; increased the number of 
children who are belonging and contributing 

• Builds student confidence in their abilities and their sharing 
• Multiple entry points (they can all get something from this, in a safe 

environment); students are also learning from one another 
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THE RESEARCH LESSON 
 
I. Whole group warm up: 2D mental rotation task (item 5 from CMTT)  
 
 

a.  Show images 
 
 
 
 
 
 
 
 
 
 
 
 

 
Question: If you could put these two shapes together in your mind, it’s going 
to look like one of these shapes. Which one will it look like?  

 
• Students turn and talk  
• Whole group discussion: 

i. How do you know?  
ii.  Why isn’t it this one? (select a non-example)  

 
b. Introduce the four-quadrant puzzle task (main activity of the lesson).  

 
Show the “puzzle” with the pieces hidden initially.  

 
“I have this puzzle. I’m wondering what you see?”  

• Either turn and talk first then whole group discussion, 
OR just whole group discussion (this part is about 
familiarizing with the shape, giving students a chance to 
really notice features of the shape)  

• Then reveal the pieces: “I have the pieces to make this 
puzzle. One set of these [pointing to pieces with two-finger gesture] go 
together to fit/make the bigger image. I’m mixed up! Help me!”  

• Transition to pair work for main activity: “Go with your partner and help us 
solve this puzzle.” [kids go with their adult facilitator/helper who is one 
person from the M4YC team] 
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II. MAIN ACTIVITY IN PAIRS (7 pairs spread out with their adult facilitator from 
the team)  
• Materials: the same image and pieces in the four quadrants as in the warm-up 

printed on a piece of paper (not moveable). A second paper option at the 
ready in case it is needed.  

• “We are trying to figure out which two pieces [point with two-finger 
gesture] you would put together to complete the puzzle?” 

 

 
 

III. WHOLE GROUP CLOSING  
a. “You have visualized (seeing in your mind) and verbalized (talked about it), now 

it’s time to verify!” 
 

Key questions:  
Why this one?  
Why NOT this one?  
What do you have to do to these pieces to make them fit?  
Did anyone have a different solution? 
Does anyone want to add to that?  

 
b. SUPER CHALLENGE (From https://sharpbrains.com/blog/2010/09/28/test-

your-mental-rotation-skills/) 
 

 
“If you look at the picture on the top, which one on the bottom is the same size and 
shape? We say ‘congruent’.” 

- May need to prompt e.g., “rotate it”  
- Continue following with the second and third if time, energy and focus allow (see 

below). 
 

Key questions/prompts throughout small 
group and whole group:  

• Language of: Visualize/verbalize/verify 
• Why not this one? [Prompt some reasoning 

around deselecting.]  
• Does anyone want to add?  
• Did anyone have a different solution?  
• What did you have to do to this piece to 

make it fit?  
• What’s another way you could prove it?  
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OBSERVATION GUIDE 
 

Name(s) of Student(s): ______________________________________________ 
 
 
STRATEGIES      OPEN NOTES: 
 
 

 
 

 
 

 
 
 

1. Gestures and non-verbal processing 
and communication: 

� Finger tracing 
� Making larger whole hand gestures  
� Whole body movements, perspective-taking 
� Eye movements 
� Other 

 
2. Language: 
� Selecting and deselecting (process of 

elimination) figures/ “answers” 
� Naming shapes within shapes (reduce 

cognitive load) 
� Describing how two shapes are the same or 

two shapes are different 
� Using language to describe the 

transformations (slide, flip, turn, rotate) 
� Other 
 
3. Noticing geometric features: 
� Whole image (simultaneous) information 

processing “It looks like a …” 
� Isolating features of the figures (sequential 

information processing) “I see this and this 
and this…” 

� Noticing straight versus curved lines 
� Attending to negative space 
� Attending to the outline 
� Attending to orientation 
� Other 

 
4. Key Math Concepts: 
� Finding familiar shapes and connecting to 

other ideas/information  
� Making size comparisons 
� Requiring the concrete shapes to make the 

composite figure 
� Demonstrating understanding of congruence 

(it’s the same size and same shape, but the 
orientation may be different) 

� Number connections  
� Other 

 
 

 

How was the group organized physically? Make a 
sketch: 


