Appendix A: Supplementary Materials
Benchmark of the Construction Toys’ Affordances

	name of the toy
	affordances of the toy

	LEGO
	Small brick-like shapes come together by the tabs on the top surface and gaps underneath to build various structures. Because of the size of the bricks, they are easily manipulated by hand.

	Mega Bloks
	Have similar affordances to LEGO, except that the scale of each modular shape is bigger in Mega Bloks.

	Unit Blocks
	Are composed of different primitive shapes. They can be easily manipulated by hand, thanks to their scale. The flat surfaces on each side signify that each modular shape can be stacked on the other. There is no joint system that can hold pieces together.

	Montessori Wooden Blocks
	Are primitive-shaped modular blocks. Their scale allows them to be easily played by hand. Each modular form has at least two flat surfaces, enabling blocks to be placed on top of each other. Some blocks' edges have various endings; some are round and some are pointy.

	KÜP-TAK
	The toy is made of cube-like modular blocks. Each cube has square dents on each surface to signify the area where cubes should be interlocked together to build the structure. These small cubes indicate that they can be carried out and modified easily.

	Lincoln Logs
	Pieces of the toy are square-notched miniature lightweight logs that could be put side by side or on top of one another to build structures. The pieces are small; therefore, they can be manipulated by hand easily. The round corners make it harder to stay balanced without support.

	Jeujura Wooden Construction Toy
	The toy comprises rounded square-notched lightweight logs, flat construction pieces, and miniature lifestyle figures like windows and door frames. The logs have gaps, the same size as the logs' width, on each side to signify the joint areas. The remaining elements of the toy assume that the toy is made to build houses.

	Bristle block
	The set is composed of primitive-shaped modular pieces with rounded-edged spikes to signify the areas where these modules should come together. These modules are thick, allowing them to be comfortably held in hand.

	brainflakes
	The toy comprises one element: a disc with holes on its end. The holes signify how the structure should be made by interlocking them. Discs are small, which indicates that they can be easily put together by hand.

	Plus-Plus
	The toy pieces are 3D puzzle-like shapes that can be placed on a base provided within the set or put together on any surface. The holes within each module signify where each should relate to one other. The pieces are small; therefore, they can be easily maneuvered.

	Learning Resources Gears! Gears! Gears!
	Affordances of Learning Resources Gears! Gears! Gears! are quite similar to Plus-Plus's. The main difference is the motion that can be added to Gears, Gears, Gears. Since each element is placed and used as a disk, the cogs of the disk can be rotated when the key is used to turn them. The arrangement of each piece allows the understanding of modular systems.

	Learning Resources City Engineering
	The toy is a miniature replica of a real-life construction site. The main pieces of the toys are flat flooring and column-like stabilizers. The bulges on top of the flooring indicate where the columns should be attached to build the structure. There are additional pieces to support the balance of the structure, like connecting bulges that can be placed on top of the columns to connect them. All pieces are small so that they can be easily played and manipulated.

	Squigz Fat Brain Toys
	The pieces of the set are the same in terms of function, yet come in different forms. Despite the changes in the form and size, each piece has one balloon-like shape in the middle while having two concave finishes that allow air to be stacked between the piece and the surface. The balloon-like shape allows pieces to be grabbed easily and pushed/pulled when necessary. Each piece is small; therefore, they can be played with and mismatched easily with one another.

	Fischertechnik
	The toy is made of 3D modular shapes. Each shape has a certain gap and bulges to signify the areas they can be put together. Mechanic elements can be implemented within the toy's structure to allow movement control.

	Kunmark
	The toy comprises flat modular shapes (squares, triangles, and circles) with multiple circular holes and toy tools to join these shapes: a screwdriver, a drill, a wrench, and screws. The units are combined by aligning the holes on separate shapes and screwing them together using the tools. The shapes can be rotated on a single plane, and since the holes need to be aligned to be joined, the flat shapes only allow for a 2D play; any combination of units remains flat as well.

	Pontiki
	Is a small-scale construction toy that focuses on character design. It consists of body parts, and small parts are the eyes and limbs. Body parts can be cubes, cylinders, cones, and egg shapes. The smaller parts fit the holes in the body parts.

	Jigsaw Puzzle 
	A set of irregularly shaped pieces with gaps and protrusions that interlock. Each of these pieces has a designated place, and when all pieces are in the right place and rotated precisely, the mosaic of the puzzle pieces displays a meaningful image.

	Tangram
	A small-scale 2D puzzle consists of seven flat polygons: 5 triangles of varying sizes, a square, and a parallelogram. The polygons are often used to represent objects, animals, etc., in a minimalist way, using all seven pieces.

	Katamino
	A puzzle game like Tetris and Tangram. Made up of 12 wooden pentominoes and a wooden board, they fit perfectly. The aim is to place them into the board without them overlapping or creating some predetermined shapes. The shapes have a 2 cm thickness, but the gameplay is two-dimensional.

	Q.Bitz
	A puzzle game consisting of cubes and an 8x8 cm playing board accommodates 16 cubes. Each set of 16 cubes has different patterns on each side. To begin playing, the player picks a random card and tries to recreate the pattern it shows using the patterns on the different faces of the cubes. Harder and easier versions of this game exist, such as Q-Bitz junior, which has 4 cubes instead of 16. 2D pattern-making toy.

	Boda Blocks (Buechley and Eisenberg, 2007)
	Boda Blocks are an experimental TUI made up of 16 cubes that light up to be green or blue, and that can be arranged in different configurations. Some connectors can be attached to any of the six sides of a cube and can be used to attach the cubes to one another. Only one connector can be attached to each surface. The software accompanying the blocks programs the cubes to display various dynamic 3D light and color patterns.

	AlgoBrix
	Similar affordances to LEGO with similar-sized units, LEGO pieces are compatible. Additionally, AlgoBrix allows the constructions to turn into robots. The robot can be coded to perform various actions using their function and parameter blocks with the same gaps as LEGO, placed on a plate with accompanying tabs. It is a construction toy and a TUI.

	Pixio
	Comprises 8x8x8mm magnetic cubes that can be attached to each other on all sides. Allows constructing 2D and 3D shapes, animals, abstract creations, etc. The small size makes the units easy to manipulate by hand. Reminiscent of Minecraft.

	Topobo (Parkes, Raffle, and Ishii, 2008; Raffle, Parkes, and Ishii, 2004)
	A system construction toy that is made up of “active” and “passive” parts. Passives are static pieces that are used as building blocks. They have bone-like organic shapes and are used to construct 3D biomorphic forms. These limb-like structures can be attached to each other or active from their two ends and a notch in their middle. Active units are motorized and can be connected to each other. They have kinetic memory and replicate movement, allowing the form to move around.

	Posey             (Weller, Do, and Gross, 2008)
	Like the biomorphic form of Topobo. The organic 3D shapes are joined using a ball-socket system. Connection pieces called “struts” have balls on two sides that fit the corresponding sockets in the remaining shapes. Depending on the number of sockets they have, these pieces are called “one-hub”, “two-hub,” etc. The different configurations can look like skeletons (called puppets) or molecules. Once constructed, the skeleton becomes a tangible interface and can be used to animate the puppet on screen using the accompanying software.

	Kinematics (Oschuetz, Wessolek, and Sattler, 2010)
	Construction toys consist of active and passive parts. The system and the constructed skeletons are like Posey and Topobo, but the shape of the active and passive parts is geometric. The units are joined with a plug-and-socket system. The active parts move in various ways and don’t require programming. Some blocks change shapes or rotate. Others provide electric power and kinetic energy. Endless combinations can create biomorphic and abstract forms that move in various ways.

	Tommy Blocks (Rigo et al., 2016)
	Are made of magnetic low-poly pieces. The pieces are attached to one another by their magnets. The shapes’ triangular faces don’t allow for cubic forms to be created, encouraging the creation of more atypical forms. There is a “main block” named Tommy. Tommy has a speaker and can imitate animal sounds, and another component of the toy is to build Tommy into the animal it speaks as.

	ZoZoplay
	Pieces of the toy are made of pipe-like modular shapes, which come in different forms. Each form has one small and wide end to indicate the joint mechanism embedded within the design. The pieces are small so they can be easily manipulated, carried around, and played with.

	Vkoizzi
	The toy consists of only one modular shape to construct the play. This modular shape is square with dents and tabs that initiate where parts should come together. Due to the form of the modular shape, it can only allow cubic forms to be created.

	Zometool
	Zoometool consists of two main elements: spikes and balls. Spikes are short, flat bars with tabs on their ends to signify the area to insert while combining with the ball. The ball has many holes on its surface to provide variations to bring these two elements together.

	Polydron
	There are five different pieces that comprise the toy. These are triangles, squares, pentagons, and hexagons which are all flat, thin, filled slices, while the last piece is a hexagon with a flat, empty form. The last piece can be easily described as a hexagon frame. Each shape has dents and tabs to indicate where pieces come together to create the structure. Different shapes of the pieces allow the output and joining forms to vary. All the pieces are small and can be easily manipulated and played with.

	MagnaTiles
	The toy is made of flat, primitive-shaped, modular layers with magnetic fields around its edges to bring the pieces together. Each piece is small, which allows the structure to be built easily by hand.

	GeoMag
	Is like Zometool in terms of the shapes it is composed of. Instead of dents and tabs on each element, the pieces are structured using the magnetic field. Each stripe has magnetic tiles inside its form, while the balls are magnets. All its pieces are small, indicating that they can be easily placed, replaced, and played with.

	Strawctures    (Yu et al., 2022)
	The toy is constructed upon two main parts the pipes, wheel-like stabilizers, and a joint mechanism. The mechanism mimics two plus signs intertwined, while the pipes look like straws. The pipes are filled with electronic wiring to allow electricity to transfer, and the ends signify how joint mechanisms should be used to connect pieces together. These elements' affordances allow the toy to be built in any size, small or big. They are easily manageable and can easily structure by hand.

	K'Nex
	The set includes only two elements, the joint mechanism and the rods. The joint mechanism comes with some differences in terms of its shape. It looks like a fan set to different angles, allowing variations in the toy's structure. Each mechanism has holes to signify where rods should be placed to create structure.

	Tinkertoy
	This set includes spools, sticks, wheels, caps, couplings, pulleys, and short pointed sticks. Apart from sticks, all the elements have holes to signify where sticks should be implemented to build the structure. All pieces are small; they can be easily put together and separated and carried around easily.

	Toyi      (Agirbas et al., 2022)
	The set has 8 pieces: circular elastic bands, sticks, wheels, and figures that mimic the human body, such as eyes, joints, hands, and feet. Dents in each piece signify the areas where modules can come together to create various structures. The elastic bands offer malleability while using the material, providing opportunities to interact with other objects outside the set.

	Clixo
	Elements of the toy set are flat, flexible magnets that come in various shapes. Magnets allow pieces to stick to each other quickly and snap into a form easily. The ease in forming different shapes by folding and bending these materials comes from the material used. Each piece is small and can easily fit into hands. Therefore, one can take them wherever they go and play.

	Wikki Stix
	8-inch colorful sticks that can bend and stir to each other and other flat surfaces to make 2D & 3D shapes, patterns, and figures.

	Wacky Tracks
	A chain made up of 1 cm plastic pieces that snap together. The chain can bend from the connection points by pivoting the plastic units. It can be used to make 2D and 3D shapes; however, the 3D shapes are very limited due to the lack of flexibility of the connections.

	Pop Tubes
	An accordion tube that is 9 inches when compressed. It can be pulled, twisted, or bent. Only the ends can be attached to create a long tube, circle, etc. Some larger versions exist as well.

	Geemo
	The building units of this toy are large and abstract. They appear to be limb-like, some with two arms, some with three. Their limbs are magnetic and flexible. They can be bent and repel or grab each other, allowing for the construction of equally abstract and bizarre structures.

	Speks Flex
	Flexible silicon X’s with magnets on the 4 ends, roughly 4 inches in size. They snap together; multiple x’s can be combined to make different abstract shapes. Like Geemo, but small-scaled.

	Legoon     (Yang and Druga, 2019)
	Is a Unique construction toy with inflatable pieces. The set includes silicone pieces with two LEGO pieces on two sides and an air pump to inflate the inflatable silicone bricks. Different silicone pieces make different shapes when inflated such as I’d, S’s, and C’s. Essentially the same as a LEGO-type brick toy, same size pieces, with the addition of inflatable bricks.

	DIY Model Doll House
	A more literal construction set compared to block-type toys. A set of thin wooden pieces, strict instructions to construct doll houses, etc. Repetitive play experience that doesn’t allow creative input.

	Marble Maze
	This construction toy comprises various translucent pieces designed to create a maze. Some pieces are tubes stacked on top of each other; the rests are slides and stairs that can be attached to the tube pieces so that marble can run through. The marble is placed on the top of the building, makes its way down through the tubes, and slides all over the bottom. Beneficial for learning about movement and gravity. It can be adapted to large scale as well.

	Rigamajig
	A large-scale construction set made of modules, some circular, some cubic, etc., modeled after archetypal playground elements, and children are encouraged to build their playground. The modules can be stacked on top of each other or attached using connectors that fit into the holes in the building blocks. Since the sizes of the blocks are large, children can walk through their constructions and experience their build.

	Imagination Playground
	A large-scale construction set made of foam blocks, some circular, some cubic, etc., modeled after archetypal playground elements, and children are encouraged to build their playground. The modules can be stacked on top of each other or attached using connectors that fit into the holes in the building blocks. Since the sizes of the blocks are large, children can walk through their constructions and experience their build.

	Gigi Blocks
	Large cardboard blocks with tabs on the top and gaps underneath, like LEGO, aside from the size. These cardboard bricks can be stacked on top of each other to build house-like structures.

	Habitadule
	Large scale construction toy consisting of large square cardboard and smaller circles and semicircles. The circular pieces have slits at different angles that fit the slits in the square units and act as connectors. They allow the squares to be attached at different angles, allowing children to build playgrounds or house-like structures they can walk through.

	The Toy (Ginoulhiac, 2013)
	Is a Large-scale construction set made of fiberglass sticks and 30-inch triangle and square panels made of vinyl. It can be used for constructing anything from tents to houses to tunnels.

	Sifteo      (Geurts et al., 2014)
	A sifteo cube is a square device with a 1.5-inch touch screen. Multiple cubes are synced for a unique video game experience. The cubes become a part of a single game. They are moved, tilted, and rearranged to solve puzzles and play games. The play experience is balanced between tangible user interfaces and typical block play.

	Co-gnito (Panagiotidou et al., 2022)
	Is An advanced urban mental mapping game played on a board made of square tiles. The tiles can be added, removed, or replaced depending on the story being told by the participant. The players create a map of a prior spatial experience on the board using the “path”, “node”, “edge”, “landmark,” and “district” pieces that they place on the board.



