Between-groups samples
Effect size calculation for two independent groups started with Cohen’s d calculation:



In the numerator, X1 and X2 are the sample means in the two groups.
 Swithin is


where n1 and n2 are the sample sizes in the two groups, and S1 and S2 are the
standard deviations in the two groups.
Converting d into Hedge’s g by first calculating the J-factor

Where df is calculated for two groups by n1 + n2 – 2


Within-group samples
Effect size calculation for studies that used a single sample started with Cohen’s d calculation:


Where Swithin was extracted from the reports
Converting d into Hedge’s g by first calculating the J-factor

Where df is calculated by n – 1


Studies reporting frequencies
For studies that reported frequencies of correct and incorrect responses, effect sizes were calculated by the Cox logit methods

where a, b, c, and d are the frequencies of correct and incorrect responses when the text or picture task was presented

Converting d into Hedge’s g by first calculating the J-factor

Where df is calculated for two groups by n1 + n2 – 2



Table S1
Critical appraisal questions and rating for each included study
	Study
	1. Berends & van Lieshout, 2009
	2. Booth & Koedinger, 2012
	3. Clinton & Walkington, 2019
	4. DeWolf et al, 2014a
	5. DeWolf et al, 2014b
	6. Elia et al, 2007
	7. Fagnant, Vlassis, 2013
	8. Lindner, 2020
	9. Pantziara et al., 2009
	10. Reuter et al., 2015
	11. Threadgill-Sowder et al, 1985
	12. Usta et al., 2018
	13. Van Lieshout & Xenidou-Dervou, 2018
	14. Wang et al, 2022
	15. Zorzos & Avgerinos, 2023

	1. Were the criteria for inclusion in the sample clearly defined? 

	Yes
	1
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 
	 
	1
	 
	 

	No
	 
	0
	0
	0
	0
	 
	0
	0
	0
	0
	0
	0
	 
	0
	0

	Unclear
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2. Were the study subjects and the setting described in detail? 

	Yes
	 
	1
	 
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 

	No
	0
	 
	0
	0
	0
	 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Unclear
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	3. Was the exposure measured in a valid and reliable way? 

	Yes
	 
	 
	 
	1
	1
	1
	 
	 
	 
	 
	 
	 
	 
	 
	1

	No
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Unclear
	0
	0
	0
	 
	 
	 
	0
	0
	0
	0
	0
	0
	0
	0
	 

	4. Were confounding factors identified? 

	Yes
	 
	1
	1
	1
	1
	 
	1
	1
	0
	 
	 
	1
	 
	 
	 

	No
	0
	 
	 
	 
	 
	0
	 
	 
	 
	0
	0
	 
	0
	0
	0

	Unclear
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	5. Were strategies to deal with confounding factors stated? 

	Yes
	 
	1
	1
	1
	1
	 
	1
	1
	0
	 
	 
	1
	 
	 
	 

	No
	0
	 
	 
	 
	 
	0
	 
	 
	 
	0
	0
	 
	0
	0
	0

	Unclear
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	6. Were the outcomes measured in a valid and reliable way?


	Yes
	 
	 
	 
	1
	1
	1
	 
	 
	 
	 
	 
	 
	 
	 
	1

	No
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Unclear
	0
	0
	0
	 
	 
	 
	0
	0
	0
	0
	0
	0
	0
	0
	 

	7. Was appropriate statistical analysis used?


	Yes
	1
	1
	1
	1
	1
	1
	 
	1
	1
	1
	 
	1
	1
	1
	 

	No
	 
	 
	 
	 
	 
	 
	0
	 
	 
	 
	0
	 
	 
	 
	0

	Unclear
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total
	2
	4
	3
	5
	5
	5
	2
	3
	1
	1
	0
	3
	2
	1
	2











Table S2
Overview of the included studies, findings, and calculated effect sizes
	
	Student characteristics
	Task characteristics
	Pictures
	
	
	Effect sizes (g)

	No.
	N
	Grade 
	Age 
	Sample composition
	Findings for student characteristics
	Linguistically complex 
	Numerically complex
	Picture type examples
	Pictorial/schematic
Static/Dynamic
	General findings for pictures
	Representational
	Decorative
	Informative

	1
	135
	5
	NR
	Low- (below 25th percentile) and high-performing (average and above) students selected based on general mathematics achievement. Students with neurological disabilities, psychiatric and behavioral problems, or below norm reading comprehension excluded.
	Arithmetic skills. No interaction between the level of arithmetic skills and accuracy in different pictures. Working memory, which was used as a covariate, accounted for most of the impact that arithmetic skills had on students' overall performance.
	
	Number of digits (multi-digit)
	Example task "There were 18 people on the bus. 4 people got out. How many people are now on the bus?

Decorative picture: a landscape of a bus driving on a road

Representative picture: Two busses side-by-side in which the other has number 18 and the other a question mark. From the bus of 18, there is an arrow pointing towards four people who are walking towards the question mark bus.

Informative picture: The same picture as in representational, but this time, the text says "Some people got out".
	Combination
Static
	Tasks with and without decorative and representational pictures showed similar performance. Tasks with informative pictures showed poorer performance compared to word problems without these pictures.
	-0.26
-0.08
	-0.07
 0.04
	-0.73
 -0.53

	2
	121
	6
	12
	Entire classrooms
	General mathematics achievement. Low-performing students performed worse with pictures compared to text-only counterparts.
	Position of the unknown (first position) 
	Number of digits (multi-digit), number of required operations (multi-step), required operations (multiplicative), property of numbers (rational)
	Example task: "John bought 3 t-shirts and 2 baseball caps for $58. Sue bought 2 t-shirts
and 3 baseball caps for $52. What is the cost of one shirt? What is the cost of one baseball cap?

Representational picture: two lines of t-shirts and caps illustrating the number of them and each line concludes with the total amount (i.e., $58 or $52).
	Schematic
Static
	In all tasks, tasks with and without representational pictures showed similar performance.

Performance with pictures was similar across different tasks.
	-0.14
	
	

	3
	265
	6
	NR
	Entire classrooms
	NR
	Position of the unknown (first position) 
	Number of digits (multi-digit), number of required operations (multi-step), required operations (multiplicative), property of numbers (rational)
	Example task: "Pawthagoras the dog chewed up 3/8 m of a network cable, which was 2/12 of the whole cable. How long was the whole cable?

Decorative picture: A dog sitting

Representational picture: A dog chewing up a portion of a cable
	Pictorial
Static
	Tasks with and without pictures showed similar performance.
	Can't calculate
	Can't calculate
	

	4
	402
	5
	10 to 11
	Entire classrooms
	Gender. The impact of pictures was similar for both genders.
	Realistic considerations
	Number of digits (multi-digit), number of required operations (multi-step), required operations (multiplicative), property of numbers (rational)
	Example task: "Steve has bought 4 planks that are 2.5 m each. How many planks of 1 m can he get out of these planks?

Representational picture: A man sawing a plank with a pile of planks on the floor.
	Pictorial
Static
	Tasks with and without representational pictures showed similar performance.
	-0.05
-0.05
-0.01
-0.01
0.22
0.33
0.52
0.59
0.98
1.08
	
	

	5
	233
	5
	10 to 11
	Entire classrooms
	Gender. The impact of pictures was similar for both genders.
	Realistic considerations
	Number of digits (multi-digit), number of required operations (multi-step), required operations (multiplicative), property of numbers (rational)
	Example task: "Steve has bought 4 planks that are 2.5 m each. How many planks of 1 m can he get out of these planks?

Representational picture: A man sawing a plank with a pile of planks on the floor.
	Pictorial
Static
	Tasks with and without representational pictures showed similar performance.
	-0.83
-0.83
-0.58
-0.19
-0.17
-0.01
0.15
0.67
	
	

	6
	479
	1 to 3
	6.7 to 8.9
	Entire classrooms
	General word problem-solving skills, age, and gender. General word problem-solving skills were strongly associated with performance in different pictures. Development in the performance of informative pictures was slower than in decorative pictures. Gender had no impact.
	Lexical consistency, position of the unknown (first position)
	Number of digits (multi-digit)
	Example task: "In a bus there were 8 passengers at the beginning. At a bus stop some more passengers entered the bus. Then, all
of the passengers became 14. How many passengers entered the bus at the bus stop?"

Decorative picture: A bus with no people visible in or outside the bus

Example task: "The sandwiches I have had ready since yesterday. I have prepared some more sandwiches today. The sandwiches I have now. How many sandwiches have I prepared today?"

Informative picture: With each sentence a picture of the correct amount of sandwiches and a cook with a speech bubble
	Pictorial
Static (Decorative), Dynamic (Informative)
	Tasks with and without decorative pictures showed similar performance, whereas tasks with informative pictures elicited poorer performance compared to text-only counterparts.

Performance in different positions of the unknown tasks was similar across and within pictures.
	
	-0.13
-0.09
-0.06
-0.02
0
0
0.06
0.08
0.08
0.20
0.27
	-1.08
-0.97
-0.96
-0.84
-0.77
-0.77
-0.74
-0.75
-0.51
-0.29
-0.13
-0.08

	7
	146
	4
	NR
	Entire classrooms
	NR
	Lexical consistency, position of the unknwon (second position), relevance of information (irrelevant information)
	Number of digits (multi-digit), number of required operations (multi-step), required operations (multiplicative), 
	Example task: "The Crusty bakery sells wholemeal bread, brown bread and white bread. Each type of bread is
available as a baguette, a round loaf and a square loaf. How many different loaves can you buy at this bakery?"

Representational picture: A matrix organizing the information on different types of breads available
	Schematic
Static
	Tasks with representational pictures showed better performance compared to tasks without pictures.
	0.68
0.63
	
	

	8
	404
	5 to 6 
	11.39
	Entire classrooms (7.11% of the data excluded due to disengaged test-taking behavior)
	Mathematics self-concept. Student's mathematics self-concept (a proxy for prior knowledge) did not modify the picture impact. 
	
	Number of digits (multi-digit), number of required operations (multi-step), required operations (multiplicative), property of numbers (rational)
	Example task: "Viktoria goes by bicycle from Eutin to Kiel. She has been driving at the same speed for 60 minutes and reaches a sign. The sign says that there is still 30 km to go to Kiel and she is 20 km from Eutin. Viktoria continues her ride with the same speed to Kiel. How much time will Viktoria need to ride from the sign to Kiel?"

Decorative picture: A woman riding a bicycle on a beach

Representational picture: A woman riding a bike in front of a sign that points to Eutin (20 km) and Kiel (30 km)
	Pictorial
Static
	Tasks with representational pictures showed better performance compared to text-only. Tasks with and without decorative pictures showed similar performance.
	0.33
	0.06
	

	9
	194
	6
	NR
	Entire classrooms
	NR
	Position of the unknown (first position) 
	Number of digits (multi-digit), number of required operations (multi-step), required operations (multiplicative)
	Example task: "John sells ice cream. He sells three different types of cones, a white, a brown and a yellow one. He sells four different flavors, strawberry, chocolate, vanilla, and hazelnut. How many different combinations of cones and flavors can John do?"

Representational picture: A matrix with cone colors as rows and flavors as columns
	Schematic
Static
	Tasks with and without representational pictures showed similar performance.
	-0.03
	
	

	10
	299
	4
	9.21
	Entire classrooms
	NR
	Position of the unknown (first position) 
	Number of digits (multi-digit), number of required operations (multi-step), required operations (multiplicative)
	Example task: "Together Leonie and Alexander have 20 building blocks. Leonie has 6 building blocks more than Alexander. How many building blocks does Leonie have? How many building blocks does Alexander have?"

Representational picture: A pile of 20 building blocks.
	Pictorial
Static
	Tasks with and without representational pictures showed similar performance.
	-0.04
	
	

	11
	157
	3 to 6
	NR
	Entire classrooms
	Spatial skills, visuospatial executive functioning, and reading comprehension. Students low-performing in reading comprehension and visuospatial executive functioning benefited more from the picture. Spatial ability did not modify the relationships.
	Relevance of information (irrelevant information)
	Number of digits (multi-digit), number of required operations (multi-step)
	Example task: "Cookies cost 20c each. Cupcakes cost 35c 
each. Lee gets 3 cookies. Lee pays 85c. How
much money does Lee get back?"

Representational picture: Two trays, one with cookies and one with cupcakes, and a price tag. I picture of a child paying for three cookies
	Pictorial
Dynamic
	Tasks with representational pictures showed better performance compared to text-only.
	0.09
0.09
0.20
0.23
	
	

	12
	108
	4
	NR
	Entire classrooms
	NR
	Position of the unknown (first position) 
	Number of digits (multi-digit), number of required operations (multi-step), required operations (multiplicative)
	Example task: "How many millimeters is an elastic band that is 200 cm length if it is pulled for eight millimeters each from two ends?"

Representational picture: two persons pulling from the other sides of a band
	Pictorial
Static
	Students for whom the word problems were presented with a representational picture performed better. 
	1.63
	
	

	13
	60
	1
	6.7
	Selected from entire classrooms to represent the whole distribution of general mathematics achievement
	Arithmetic fluency. The impact of pictures was similar across high- and low-performing students.
	Position of the unknown (first position) 
	
	Example task: "Three birds are sitting on a fence. Then two birds fly in. How many birds are sitting on the fence in total?"

Representational picture: Three birds sitting on a fence and two birds flying towards those two. A schematic structure of the problem below.
	Combined
Static
	Tasks with representational pictures and an auditory word problem showed better performance than only pictures or an auditory word problem.

Overall performance (with pictures) was similar across the increase and decrease word problems. However, pictures especially improved decrease problem type performance more than increase problem types.
	0.59
2.70
	
	

	14
	30
	5
	10.2
	Entire classrooms
	NR
	NR
	NR
	Not given
	Pictorial
Static
	Tasks with and without representational pictures showed similar performance.
	-0.48
0.15
	
	

	15
	346
	4 to 6
	8 to 12
	Entire classrooms
	NR
	
	Number of required operations (multi-step), required operations (multiplicative; probabilistic)
	Example task: "I have two bags with balls. In the first bag (bag A), there are two white balls and two black ones. In the second bag (bag B), there are three white and three black balls. From which bag am I most likely to get randomly a black ball?"

Representational picture: two bags side-by-side, having the amount and color of balls described
	Pictorial
Static
	Tasks with and without representational pictures showed similar performance.
	-0.13 
	
	


a Report but not data included in a previously published article of the same systematic review (Vessonen et al., 2024). 
Note. Age reported as a mean or a range, depending on the information provided in the reports. Green effect sizes showcase positive effects and red negative ones.
