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	Table S1
Deviations From the Preregistration 

	Preregistration
	Adjustment

	“Differences in scores due to mother tongue will be assessed using t-tests for the two aha-understanding scores, solution confidence and solution accuracy. If significant differences are found, only those with Norwegian as their mother tongue will be included in further analyses.”
	There were only 11 participants with other first languages than Norwegian. This did not provide sufficient power to perform t-tests to compare the Norwegian first language and other first language groups. Instead of the planned t-tests, we re-fitted all the central analyses excluding the other first language-participants to check for any influence of first language. Exclusion did not influence our results (see Table S2a). Therefore, we report the analyses with all participants included.

	“The associations between reported aha-experiences and solution confidence and solution accuracy (H2a) will be assessed using two Generalized Linear Mixed Models (GLMMs). The models will include solution type (aha/no-aha, within-subject variable), task difficulty (calculated as the overall proportion of participants who successfully solved the task), and their interaction as fixed effects.”
	1. Age is a central variable in our study because we want to investigate the associations between aha-experiences, accuracy, and confidence in a developmental context. However, by mistake, age was not listed as a predictor for the trial-level (GLMM) analyses in the preregistration. We decided to include age as a fixed effect in the GLMM analyses in line with the preregistered aims of the study.
2. We had preregistered to include task difficulty in the analyses of accuracy and confidence; however, task difficulty was closely related to accuracy which made the results for the models that included task difficulty challenging to interpret. For that reason, we report the analyses without task difficulty in the main text, and accuracy is included as a predictor in the analysis of confidence ratings instead of task difficulty. The preregistered GLMM analyses, including task difficulty, are reported in Tables S7a-S7b. 
3. An a-priori measure of task difficulty was used instead of the one derived from accuracy. A-priori difficulty matched the difficulty measure derived from the data (see Table S3a). 

	“We will use a step-by-step forward strategy, gradually increasing the complexity of the model (Bates et al., 2018; Stuyck et al., 2021). (…) Finally, we will add random intercepts for stimuli.”
	Stimuli in this context consisted of 8 trials of the AhaClues task. All participants saw the same 8 tasks. Based on Westfall, Kenny & Judd (2014), it was decided that 8 stimuli did not provide enough power to estimate random effects for stimuli. Therefore, we did not add any random intercepts for stimuli in the GLMM models.

	“Self-reported aha-experiences (yes/no) for each trial will be treated as a quasi-independent variable.”
	In addition to the pre-registered self-report measure, we included an observational measure of aha-experiences in the final study design. This measure was added only days before data collection began and therefore did not make it into the preregistration.

	Note. The complete pre-registration can be found on OSF
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To check for effects of first language, we ran all the central analyses with and without the participants who had other first languages than Norwegian (N = 11). Because excluding or including participants based on first language did not influence our conclusions (see Table S2a), we decided to report the analyses with all participants included in the paper. 
	Table S2a
Analysis of First Language

	Analysis
	Dependent variable
	Predictor
	All participants 
(N = 160)
	Norwegian first language only
(N = 149)

	
	
	
	Effect size
	p-value
	Effect size
	p-value

	Number of aha-experiences on the AhaClues task
	Obs. Aha
	Age 
	β = .04
	.575
	β = .03
	.745

	
	Self. aha
	Age
	β = -.35
	< .001
	β = -.33
	< .001

	
	Self. aha
	Age
	β = -.11
	.123
	β = -.11
	.159

	
	
	Control
	β = -.55
	< .001
	β = -.52
	< .001

	Performance on the control task
	Control
	Age
	OR = 1.98
	< .001
	OR = 1.95
	< .001

	Understanding of aha-experiences
	Scenarios
	Age
	β = .53
	< .001
	β = .53
	< .001

	
	
	Gender
	β = .08
	.241
	β = .09
	.195

	
	Statements
	Age
	β = .59
	< .001
	β = .60
	< .001

	
	
	Gender
	β = .07
	.264
	β = .09
	.171

	GLMMs for accuracy and confidence
	Accuracy
	Age
	OR = 1.60
	< .001
	OR = 1.57
	< .001

	
	
	Obs.aha
	OR = 11.76
	< .001
	OR = 11.04
	< .001

	
	
	Age*Obs.aha
	OR = 0.87
	.615
	OR = 0.85
	.559

	
	Confidence
	Age 
	OR = 0.81
	.197
	OR = 0.77
	.100

	
	
	Obs.aha
	OR = 1.46
	.138
	OR = 1.56
	.131

	
	
	Accuracy
	OR = 8.20
	< .001
	OR = 9.06
	< .001

	
	
	Age*Obs.aha
	OR = 0.53
	 .008
	OR = 0.52
	.009

	
	
	Age*
   Accuracy
	OR = 2.98
	< .001
	OR = 3.11
	< .001

	
	
	Aha*
   Accuracy
	OR = 0.22
	.057
	OR = 0.26
	.078

	Motivation
	Choice of 
bonus task
	Obs.aha
	OR = 1.46
	.003
	OR = 1.47
	.003

	
	Choice of 
bonus task
	Adj.aha
	OR = 1.06
	.644
	OR = 1.03
	.808

	Note. Obs.aha = observed aha-experiences. Self.aha = self-reported aha-experiences. Adj.aha = self-reported aha, excluding participants who failed the control question for self-report of aha.
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The samples of children were equivalent in terms of age, gender and first language across experimenters, see Table S2b-I. 
	Table S2b-I
Comparison of Sample Characteristics Across Experimenters

	Experiment-er
	N total
	Age
	Gender
	First language

	
	
	Mean
	Max.
	Min.
	Boys
	Girls
	Non-binary
	Norwegian
	other

	A
	80
	6.42
	8.82
	4.06
	41
	37
	2
	74
	6

	B
	80
	6.39
	9.11
	3.93
	41
	38
	1
	75
	5



	To assess potential experimenter effects, we re-fitted all the central analyses controlling for experimenter (see Table S2b-II). In the first analysis of number of aha-experiences, there was a significant difference in the number of observed aha-experiences between experimenters. See more details in section S2c. Except for this first analysis, there was no evidence of any experimenter effects. 

Table S2b-II
Analysis of Experimenter Effects

	Analysis
	Dependent variable
	Predictor
	Reported results
	Controlling for experimenter

	
	
	
	Effect size
	p-value
	Effect size
	p-value

	Number of aha-experiences on the AhaClues task
	Obs.aha
	Age 
	β = .04
	.575
	β = .04
	.584

	
	
	Experimenter
	
	
	β = -.30
	< .001

	
	Self.aha
	Age
	β = -.35
	< .001
	β = -.35
	< .001

	
	
	Experimenter
	
	
	β =.02
	.757

	
	Self.aha
	Age
	β = -.11
	.123
	β = -.11
	.124

	
	
	Control
	β = -.55
	< .001
	β = -.55
	< .001

	
	
	Experimenter
	
	
	β = -.002
	.975

	Performance on the control task
	Control
	Age
	OR = 1.98
	< .001
	OR = 1.98
	< .001

	
	
	Experimenter
	
	
	OR = 0.80
	.518

	Understanding of aha-experiences 
	Scenarios
	Age
	β = .53
	< .001
	β = .53
	< .001

	
	
	Gender
	β = .08
	.241
	β = .08
	.239

	
	
	Experimenter
	
	
	β = .09
	.185

	
	Statements
	Age
	β = .59
	< .001
	β = .59
	< .001

	
	
	Gender
	β = .07
	.264
	β = .07
	.263

	
	
	Experimenter
	
	
	β = .04
	.543

	GLMMs for accuracy and confidence
	Accuracy
	Age
	OR = 1.60
	< .001
	OR = 1.60
	< .001

	
	
	Obs.aha
	OR = 11.76
	< .001
	OR = 11.64
	< .001

	
	
	Age*Obs.aha
	OR = 0.87
	.615
	OR = 0.86
	.582

	
	
	Experimenter
	
	
	OR = 1.08
	.519

	
	Confidence
	Age 
	OR = 0.81
	.197
	OR = 0.72
	.033

	
	
	Obs.aha
	OR = 1.46
	.138
	OR = 1.55
	.131

	
	
	Accuracy
	OR = 8.20
	< .001
	OR = 8.75
	< .001

	
	
	Age*Obs.aha
	OR = 0.53
	 .008
	OR = 0.53
	.010

	
	
	Age*
   Accuracy
	OR = 2.98
	< .001
	OR = 2.94
	< .001

	
	
	Aha*
   Accuracy
	OR = 0.22
	.057
	OR = 0.29
	.109

	
	
	Experimenter
	
	
	OR = 0.72
	.279

	Motivation
	Choice of 
bonus task
	Obs.aha
	OR = 1.46
	.003
	OR = 1.36
	.020

	
	
	Experimenter
	
	
	OR = 0.50
	.125

	
	Choice of 
bonus task
	Adj.aha
	OR = 1.06
	.644
	OR = 1.09
	.552

	
	
	Experimenter
	
	
	OR = 0.26
	.061

	Note. Obs.aha = observed aha-experiences. Self.aha = self-reported aha-experiences. Adj.aha = self-reported aha, excluding participants who failed the control question for self-report of aha.
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	Validity. We found a significant association between observed and self-reported aha-experiences (χ2 (1) = 15.54, p < .001). In a follow-up analysis, trials with observed aha-experiences were more likely to be followed by a self-reported aha-experience compared to trials without observed aha-experiences, even when controlling for accuracy (self-report: OR = 2.36, 95%CI [1.44, 3.87], p = .001, n = 1280; adjusted self-report: OR = 2.56, 95%CI [1.42, 4.70], p = .002, n = 560). Moreover, observed and self-reported aha-experiences had similar patterns of associations with age, accuracy, and confidence. Taken together, these results provide preliminary support for the validity of the observational measure of children’s aha-experiences. Nonetheless, as we found higher number of self-reported compared to observed aha-experiences, the observational measure may involve some risk of false negatives. That is, children may have had aha-experiences that were not sufficiently captured by our observational criteria or were not expressed in a way that could be observed through their expressive behavior.
	Reliability. As indicated by the analysis in section S2b, there was a significant difference between the number of aha-experiences observed by the two experimenters. While Experimenter A observed aha-experiences on 23 % of trials, Experimenter B observed aha-experiences on 12 % of the trials (see Table S2c). Despite this difference, both experimenters observed similar patterns of stability across age (see Figure S2c). The two experimenters also had similar patterns with regards to which AhaClues tasks were more or less likely to trigger aha-experiences, as indicated by the rank order of frequency for observed aha-experiences across target words (Spearman’s rho = 0.82, p = .013, see Table S2c). 
Figure S2c
Number of Observed Aha-Experiences across Age for the Two Experimenters
[image: ]
Note. Mean number of aha-experiences for each age group is presented with squares. Error bars = 95%CI. Individual scores presented with jittered points.

	Thus, although one of the experimenters was more conservative than the other, the similar patterns across age and target words provide tentative support for the reliability of the observational measure of aha-experiences.

Table S2c
Observed Aha-Experiences by Target Word and Observer

	Target Word
	Experimenter A
	Experimenter B
	Sum

	
	Nobserved
	Ntotal
	Rank
	Nobserved
	Ntotal
	Rank
	Nobserved
	Ntotal
	Rank

	Snowman 
	29
	80
	1
	14
	80
	1.5
	43
	160
	1

	Egg
	23
	80
	2
	14
	80
	1.5
	37
	160
	2

	Train 
	18
	80
	4
	12
	80
	3.5
	30
	160
	3

	Dog
	19
	80
	3
	10
	80
	5
	29
	160
	4

	Bee
	15
	80
	6.5
	12
	80
	3.5
	27
	160
	5

	Phone
	17
	80
	5
	8
	80
	6
	25
	160
	6

	Boots 
	15
	80
	6.5
	6
	80
	7
	21
	160
	7

	Lemon 
	12
	80
	8
	1
	80
	8
	13
	160
	8

	Sum
	148
	640
	-
	77
	640
	-
	225
	1280
	-

	Note. Nobserved: number of observed aha-experiences. Ntotal: total number of trials.
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A logistic regression analysis was conducted to investigate the effect of scenario type (trial-error vs. insight) and age on children’s performance on the Scenarios task. The results are presented in Table S3a. 
	Table S3a
Logistic Regression Investigating Effect of Scenario Type and Age on Performance on the Scenario Task

	Predictor
	Logg odds
	SE
	z-value
	p-value
	OR
	95%CI

	Intercept
	-0.24
	0.15
	-1.60
	.110
	0.79
	0.59, 1.06

	Age
	1.12
	0.18
	6.35
	< .001
	3.08
	2.17, 4.35

	Scenario type
	3.25
	0.33
	9.88
	< .001
	25.90
	13.58, 49.38

	Age*Scenario type
	-0.69
	0.29
	-2.39
	.017
	0.50
	0.29, 0.88



There was a significant interaction between age and scenario types (see Figure S3). For the scenarios with insight, children had high success rates at all ages, and there were no significant age differences in success rate. In the scenarios without insight, on the other hand, there was a steep increase in performance with age, from significantly below chance at age 4 (Msuccess rate = 0.14, 95%CI [0.06, 0.22], chance performance) to significantly above chance at age 8 (Msuccess rate = 0.73, 95%CI [0.61, 0.86]). In other words, children became gradually better at discerning when a problem-solving scenario did not involve an aha moment with increasing age. Younger children tended to say that the scenarios involved an aha-experience regardless of scenario type. Note that all scenarios ended with a successful solution to the problem.
Figure S3
Children’s Performance on the Scenarios Task by Scenario Type (Trial-Error vs. Insight)
[image: ]
Note. Mean performance for each age group is presented with squares. Error bars = 95%CI. Individual scores presented with jittered points. The dotted horizonal line indicates chance-level performance.
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As preregistered, we investigated potential age effects for each of the items in the statements task with logistic regression models. The results are presented in Table S3b.
	Table S3b
Individual Logistic Regression Analyses for Each Pair of Statements on the Statements Task

	Dependent variable
	Predictor
	Log odds
	SE
	z-value
	p-value
	OR
	95%CI

	Affect
	Intercept
	-2.27
	1.71
	-1.33
	.185
	0.10
	0.00, 2.44

	
	Age
	0.87
	0.33
	2.67
	.008
	2.38
	1.36, 5.01

	New idea
	Intercept
	-2.05
	0.88
	-2.33
	.020
	0.13
	0.02, 0.70

	
	Age
	0.51
	0.15
	3.54
	< .001
	1.67
	1.27, 2.25

	Impasse
	Intercept
	-4.18
	0.87
	-4.82
	< .001
	0.02
	0.00, 0.08

	
	Age
	0.72
	0.14
	5.24
	< .001
	2.06
	1.59, 2.74

	Feeling-of-suddenness
	Intercept
	-2.51
	0.87
	-2.88
	.004
	0.08
	0.01, 0.43

	
	Age
	0.57
	0.14
	3.94
	< .001
	1.76
	1.34, 2.37

	Feeling-of-confidence
	Intercept
	-1.56
	0.78
	-2.00
	.045
	0.21
	0.04, 0.95

	
	Age
	0.36
	0.12
	2.91
	.004
	1.43
	1.13, 1.84

	Feeling-of-truth
	Intercept
	-1.38
	0.75
	-1.85
	.064
	0.25
	0.06, 1.07

	
	Age
	0.20
	0.11
	1.74
	.082
	1.22
	0.98, 1.52
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	Table S4a
Coding of Answers on the AhaClues Task

	Target word
	Clues
	Solution rate
	Difficulty
	Detailed codes (frequency)
	Cohen's Kappa
	Alternative solutions

	
	
	
	A-priori
	Derived
	Correct
	Alternative
	Cue
	Story
	Wrong
	Don't know
	Detailed codes
	Binary codes
	

	Dog
	paws; tail;
says "woof woof"
	.99
	1
	1
	159
	0
	1
	0
	0
	0
	1.00
	1.00
	-

	Bee
	wings; hive; honey
	.94
	1
	2
	139
	11
	2
	0
	5
	3
	.69
	1.00
	wasp; bumble bee

	Train
	suitcase; rails; station
	.86
	2
	3
	134
	3
	5
	6
	8
	4
	.79
	.80
	travel; catching the train;

	Snow- man
	snow; scarf; carrot
	.76
	2
	4
	117
	4
	5
	3
	23
	8
	.90
	1.00
	make a snowman

	Phone
	camera; apps; keypad
	.61
	2
	5
	87
	11
	16
	2
	21
	23
	.93
	.96
	iPad; computer;

	Boots
	foot; rain; puddle
	.40
	3
	6
	61
	3
	12
	19
	29
	36
	.92
	.90
	shoe

	Egg
	spoon; yellow and white; chicken
	.39
	3
	7
	59
	3
	15
	7
	24
	52
	.93
	.91
	scrambled eggs; egg race

	Lemon
	yellow; sour; oval
	.10
	3
	8
	13
	3
	16
	3
	34
	91
	.91
	.82
	sliced pickle; orange; clementine

	car*
	wheel; road; seatbelt
	.86
	1
	-
	138
	0
	3
	1
	9
	9
	.90
	.91
	-

	French fries*
	potato; container; ketchup
	.56
	2
	-
	15
	3
	1
	1
	5
	7
	.87
	.91
	mashed potatoes; fried potatoes; potato salad

	bird*
	-
	.93
	2
	-
	100
	19
	0
	0
	3
	6
	.87
	.59
	hen; rooster; pigeon; parrot; crow; eagle; seagull; owl; birdie

	Note. English translations of target words, clues and alternative solutions. Solution rate: proportion of correct and alternative correct solutions. Difficulty. A-priori: based on our initial expectations about relative difficulty. Derived: the 8 clues tasks included in the analyses were ranked based on the mean accuracy scores. * These three tasks were not included in the analyses. "car" task was presented as a practice task. "French fries" and "bird" were bonus tasks. 




	
Table S4b
Performance on the AhaClues Task by Age and Target Word

	Age
	Target word
	Accuracy
	Obs.aha
	Self.aha
	Adj.aha
	Confidence
	N

	4
	bee
	.81
	.16
	.76
	.50
	2.62
	37

	
	boots
	.30
	.14
	.76
	.38
	2.41
	37

	
	dog
	.97
	.27
	.76
	.38
	2.65
	37

	
	egg
	.19
	.16
	.73
	.25
	2.49
	37

	
	lemon
	.05
	.03
	.57
	.25
	2.08
	37

	
	phone
	.24
	.03
	.65
	.25
	2.49
	37

	
	snowman
	.57
	.32
	.70
	.25
	2.68
	37

	
	train
	.65
	.19
	.68
	.12
	2.62
	37

	
	car*
	.78
	-
	-
	-
	-
	37

	
	French fries*
	.11
	.11
	.78
	.33
	2.11
	9

	
	bird*
	.82
	.22
	.75
	.20
	2.54
	28

	
	All
	.50
	.16
	.71
	.29
	2.48
	

	5
	bee
	.94
	.23
	.87
	.57
	2.71
	31

	
	boots
	.42
	.06
	.68
	.43
	2.26
	31

	
	dog
	1.00
	.26
	.87
	.57
	2.87
	31

	
	egg
	.39
	.16
	.55
	.57
	2.10
	31

	
	lemon
	.06
	.06
	.55
	.57
	1.81
	31

	
	phone
	.61
	.23
	.74
	.43
	2.35
	31

	
	snowman
	.77
	.29
	.90
	.71
	2.71
	31

	
	train
	.71
	.06
	.84
	.71
	2.48
	31

	
	car*
	.84
	-
	-
	-
	-
	31

	
	French fries*
	.40
	.00
	1.00
	-
	2.00
	5

	
	bird*
	.88
	.31
	.85
	.43
	2.62
	26

	
	All
	.64
	.17
	.78
	.56
	2.40
	

	6
	bee
	.97
	.21
	.67
	.43
	2.94
	33

	
	boots
	.33
	.18
	.64
	.43
	2.36
	33

	
	dog
	1.00
	.21
	.64
	.29
	3.00
	33

	
	egg
	.33
	.21
	.52
	.50
	2.03
	33

	
	lemon
	.09
	.06
	.30
	.36
	1.67
	33

	
	phone
	.61
	.18
	.61
	.36
	2.21
	33

	
	snowman
	.76
	.30
	.58
	.29
	2.67
	33

	
	train
	.97
	.18
	.64
	.29
	2.76
	33

	
	car*
	.76
	-
	-
	-
	-
	33

	
	French fries*
	.78
	.44
	.89
	.67
	2.67
	9

	
	bird*
	.96
	.21
	.58
	.27
	2.83
	24

	
	All
	.69
	.21
	.60
	.38
	2.50
	





	
Table S4b continued
Performance on the AhaClues Task by Age and Target Word

	Age
	Target word
	Accuracy
	Obs.aha
	Self.aha
	Adj.aha
	Confidence
	N

	7
	bee
	1.00
	.12
	.61
	.40
	2.82
	33

	
	boots
	.48
	.15
	.42
	.35
	2.15
	33

	
	dog
	1.00
	.06
	.55
	25
	3.00
	33

	
	egg
	.52
	.30
	.45
	.30
	2.06
	33

	
	lemon
	.09
	.09
	.27
	.25
	1.67
	33

	
	phone
	.88
	.24
	.58
	.35
	2.39
	33

	
	snowman
	.82
	.24
	.67
	.55
	2.64
	33

	
	train
	1.00
	.33
	.67
	.50
	2.70
	33

	
	car*
	1.00
	-
	-
	-
	-
	33

	
	French fries*
	.67
	.33
	.67
	.50
	2.00
	3

	
	bird*
	1.00
	.21
	.67
	.56
	2.77
	30

	
	All
	.77
	.20
	.55
	.39
	2.42
	

	8
	bee
	1.00
	.12
	.42
	.33
	2.85
	26

	
	boots
	.50
	.12
	.35
	.38
	1.88
	26

	
	dog
	1.00
	.08
	.52
	.33
	2.96
	26

	
	egg
	.58
	.36
	.38
	.38
	2.08
	26

	
	lemon
	.23
	.19
	.27
	.29
	1.65
	26

	
	phone
	.81
	.12
	.42
	.43
	2.46
	26

	
	snowman
	.92
	.15
	.50
	.43
	2.65
	26

	
	train
	1.00
	.15
	.38
	.38
	2.65
	26

	
	car*
	.96
	-
	-
	-
	-
	26

	
	French fries*
	1.00
	.33
	.67
	.60
	2.33
	6

	
	bird*
	1.00
	.20
	.55
	.50
	2.80
	20

	
	All
	.82
	.18
	.43
	.40
	2.42
	

	All
	bee
	.94
	.17
	.68
	.41
	2.78
	160

	
	boots
	.40
	.13
	.58
	.39
	2.23
	160

	
	dog
	.99
	.18
	.66
	.33
	2.89
	160

	
	egg
	.39
	.23
	.54
	.39
	2.16
	160

	
	lemon
	.10
	.08
	.40
	.31
	1.79
	160

	
	phone
	.61
	.16
	.61
	.37
	2.38
	160

	
	snowman
	.76
	.27
	.68
	.44
	2.67
	160

	
	train
	.86
	.19
	.65
	.40
	2.64
	160

	
	car*
	.86
	-
	-
	-
	-
	160

	
	French fries*
	.56
	.25
	.81
	.54
	2.28
	32

	
	bird*
	.93
	.23
	.69
	.44
	2.70
	128

	
	All
	.67
	.19
	.63
	.40
	2.45
	

	Note. Accuracy = solution rate (proportion), Obs.aha = observed aha, Self.aha = self-reported aha, Adj.aha = self-reported aha, excluding participants who failed tha control question for self-report of aha. 
* "car" task was presented as a practice task. "French fries" and "bird" were bonus tasks. “bird” was a Puzzle task, not a Clues task. These three tasks were not included in the analyses.
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	Table S5a
Pearson’s Correlations Coefficients [95%CI] Between Number of Aha-Experience and Understanding 

	Variable
	1
	2
	3
	4

	1. N. observed aha
	-
	
	
	

	2. N. adjusted self-report aha
	.16
[-.07, .38]
	-
	
	

	3. Understanding: Scenarios
	.10
[-.06, .25]
	< 0.01
[-.24, .24]
	-
	

	4. Understanding: Statements
	.01
[-.14, .17]
	-0.09
[-.32, .15]
	0.37***
[.23, .50]
	-

	5. Understanding: Control task
	.07
[-.08, .23]
	-
	0.35***
[.20, .48]
	0.26**
[.10, .40]

	Note. *p < .05; ** p < .01; *** p < .001



	Table S5b
Comparing Understanding for Children With and Without Aha-Experience

	Aha-Experience
	Frequency
	Understanding: Scenarios
	Understanding: Statements

	
	
	Mean
	t (df)
	p
	Mean
	t (df)
	p

	Adjusted Self-Report
	≥ 1
	54
	2.87
	-1.33 (22.2)
	.196 
	4.50
	-0.06 (26.6)
	.952

	
	0
	16
	3.22
	
	
	4.52
	
	

	Observed
	≥ 1
	110 
	2.70
	-0.68 (98.9)
	.497
	4.13
	-0.16 (78.2)
	.871

	
	0
	50
	2.81
	
	
	4.17
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	Table S6a
Model Summaries of Generalized Linear (Mixed) Models Predicting Accuracy 

	Model
	
	Coeff.
	SE
	z-value
	p-value
	OR
	95%CI
	
	Log-likelihood
	AIC
	Ntrials
	Nparticipants

	Adjusted self-report of aha-experiences*
	  Intercept
	0.65
	0.10
	6.39
	< .001
	1.92
	1.57
	2.35
	
	-331.9
	671.71
	560
	70

	
	  Age
	0.41
	0.10
	3.96
	< .001
	1.51
	1.23
	1.85
	
	
	
	
	

	
	  Self-reported aha
	0.82
	0.27
	3.00
	.003
	2.26
	1.33
	3.89
	
	
	
	
	

	
	  Age*Aha
	0.28
	0.27
	1.04
	.299
	1.32
	0.78
	2.24
	
	
	
	
	

	Observed 
aha-experiences**
	Fixed Effects
	
	
	
	
	
	
	
	-752.3
	1514.5
	1280
	160

	
	  Intercept
	0.66
	0.07
	9.68
	< .001
	1.94
	1.70
	2.22
	
	
	
	
	

	
	  Age
	0.46
	0.07
	6.92
	< .001
	1.60
	1.40
	1.83
	
	
	
	
	

	
	  Observed aha
	2.47
	0.27
	9.23
	< .001
	11.76
	6.97
	19.86
	
	
	
	
	

	
	  Age*Aha
	-0.14
	0.28
	-0.50
	.615
	0.87
	0.50
	1.50
	
	
	
	
	

	
	Random Effects
	
	
	
	
	
	
	
	
	
	
	
	

	
	  Intercept by 
  participant
	SD = 0.08
	
	
	
	
	

	Note. *Generalized Linear Model with binomial error distribution, as implemented by the glm() function in R. No random effects were included because attempts to fit a multilevel model returned singular results. **Generalized Linear Mixed Model with binomial error distribution, as implemented by the R-package lme4 (glmer). 





	Table S6b
Model Summaries of Cumulative Link Mixed Models Predicting Confidence 

	Model
	
	Coeff.
	SE
	z-value
	p-value
	OR
	95%CI
	Log-likelihood
	AIC
	Ntrials
	Nparticipants

	Adjusted self-report of aha-experiences
	Fixed Effects
	
	
	
	
	
	
	
	-314.6
	647.2
	471
	70

	
	  Age
	-0.24
	0.19
	-1.27
	.206
	0.79
	0.54
	1.14
	
	
	
	
	

	
	  Self-reported aha
	-0.40
	0.38
	-1.07
	.287
	0.67
	0.32
	1.40
	
	
	
	
	

	
	  Accuracy
	2.42
	0.38
	6.39
	< .001
	11.26
	5.36
	23.66
	
	
	
	
	

	
	  Age*Aha
	0.07
	0.34
	0.20
	.841
	1.07
	0.55
	2.09
	
	
	
	
	

	
	  Age*Accuracy
	1.04
	0.37
	2.78
	.005
	2.83
	1.36
	5.89
	
	
	
	
	

	
	  Accuracy*Aha
	-1.54
	0.86
	-1.79
	.073
	0.22
	0.04
	1.16
	
	
	
	
	

	
	Thresholds
	
	
	
	
	
	
	
	
	
	
	
	

	
	   Not at all sure | 
      A little sure
	-4.46
	0.38
	-11.62
	
	
	
	
	
	
	
	
	

	
	   A little sure | 
      Completely sure
	-0.87
	0.20
	-4.28
	
	
	
	
	
	
	
	
	

	
	Random Effects
	
	
	
	
	
	
	
	
	
	
	
	

	
	  Intercept by 
  participant
	SD = 1.04
	
	
	
	
	
	
	
	
	
	

	Observed aha-experiences
	Fixed Effects
	
	
	
	
	
	
	
	-697.0
	1411.9
	1063
	160

	
	  Age
	-0.21
	0.16
	-1.29
	.197
	0.81
	0.59
	1.11
	
	
	
	

	
	  Observed aha
	0.38
	0.26
	1.48
	.138
	1.46
	0.88
	2.42
	
	
	
	

	
	  Accuracy
	2.10
	0.23
	9.29
	< .001
	8.20
	5.26
	12.79
	
	
	
	

	
	  Age*Aha
	-0.64
	0.24
	-2.63
	.008
	0.53
	0.33
	0.85
	
	
	
	

	
	  Age*Accuracy
	1.09
	0.22
	4.96
	< .001
	2.98
	1.94
	4.58
	
	
	
	

	
	  Accuracy*Aha
	-1.50
	0.78
	-1.91
	.057
	0.22
	0.05
	1.04
	
	
	
	

	
	Thresholds
	
	
	
	
	
	
	
	
	
	
	

	
	   Not at all sure | 
      A little sure
	-4.23
	0.25
	-16.74
	
	
	
	
	
	
	
	

	
	   A little sure | 
      Completely sure
	-1.16
	0.17
	-6.90
	
	
	
	
	
	
	
	

	
	Random Effects
	
	
	
	
	
	
	
	
	
	
	

	
	  Intercept by 
  participant
	SD = 1.65
	
	
	
	

	Note. Generalized Linear Mixed Model with a cumulative logit link, as implemented by the R-package ordinal (clmm). Trials where children answered “don’t know” not included.
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We had planned to include task difficulty in the GLMM analyses of accuracy and confidence. Difficulty was included as a control variable in these analyses. However, because of the close conceptual and statistical relationship between accuracy and task difficulty, the interactions that involve task difficulty in these models cannot be clearly interpreted. The conclusions regarding of aha-experiences remained the same regardless of whether task difficulty was included or excluded in the analyses. Therefore, task difficulty was not included in the analysis reported in the main text.
	Table S7a
Model Summary for Accuracy, Including Task Difficulty

	Fixed effects

	Variable
	Coefficient
	SE
	z-value
	p-value
	OR
	95%CI

	Intercept
	1.23
	0.13
	9.38
	< .001
	3.42
	2.65, 4.42

	Age
	0.92
	0.12
	7.39
	< .001
	2.50
	1.96, 3.19

	Observed aha
	3.03
	0.41
	7.35
	< .001
	20.70
	9.23, 46.42

	Difficulty
	-2.55
	0.18
	-14.44
	< .001
	0.08
	0.06, 0.11

	Age*obs.aha
	0.10
	0.41
	0.23
	.817
	1.10
	0.49, 2.47

	Age*difficulty
	-0.53
	0.15
	-3.58
	< .001
	0.59
	0.44, 0.79

	Obs.aha * difficulty
	1.63
	0.58
	2.83
	.005
	5.11
	1.65, 15.79

	Note. Random intercept by participant (SD = 0.67). Generalized Linear Mixed Model with binomial error distribution, as implemented by lme4 (glmer). Trials where children answered “don’t know” were included (Ntrials = 1280, Nparticipants=160). AIC = 982.5, log likelihood = -483.2.



	Table S7b
Model Summary for Confidence, Including Task Difficulty

	Fixed effects

	Variable
	Coefficient
	SE
	z-value
	p-value
	OR
	95%CI

	  Age
	-0.23
	0.17
	-1.36
	.175
	0.79
	0.57, 1.11

	  Observed aha
	1.04
	0.24
	4.25
	< .001
	2.82
	1.75, 4.55

	  Difficulty
	-1.47
	0.13
	-11.69
	< .001
	0.23
	0.18, 0.29

	  Age * Obs.aha
	-0.21
	0.25
	-0.81
	.418
	0.81
	0.49, 1.34

	  Age * Difficulty
	-0.59
	0.12
	-4.96
	< .001
	0.55
	0.44, 0.70

	  Obs.aha * Difficulty
	1.01
	0.35
	2.86
	.004
	2.74
	1.37, 5.47

	Thresholds
	
	
	
	
	
	

	   Not at all sure | A little sure
	-4.26
	0.26
	-16.37
	
	
	

	   A little sure | Completely sure
	-1.02
	0.18
	-5.77
	
	
	

	Note. Random intercept by participant (SD = 1.79). Generalized Linear Mixed Model with a cumulative logit link, as implemented by ordinal (clmm). Trials where children answered “don’t know” not included (Ntrials = 1063, Nparticipants=160). AIC = 1334.67, log likelihood = -658.3.



[bookmark: _Toc167007558]S8: Post-Hoc Power Simulation for Analyses of Adjusted Self-Report of Aha
The adjusted self-report measure of aha-experiences excluded all participants who failed a control task designed to assess children’s understanding of the self-report question. In the control task, children were asked to name the object in a cartoon image of a car. After identifying the car, children were asked whether or not they had an aha-experience while working on the naming-task. Because the naming task did not involve any problem solving, it should not elicit an aha-experience. Thus, children failed the control task if they claimed to have an aha-experience while working on the naming task. More than half of the children (56 %) failed the control task. That meant that any analysis which used the adjusted self-report measure had reduced statistical power, due to the reduction in number of observations. To assess the impact of this loss of power, we here report a post-hoc power simulation which estimated power for the analyses that included the adjusted self-report measure (see Table S9). The power simulation was implemented with the simr R package (Green & MacLeod, 2016).
	Table S8
Results of Power Simulation for Analyses of Adjusted Self-Report of Aha-Experience

	Dependent variable 
	Target predictor
	Analysis type
	Number of observations
	Effect size
	Estimated power

	Accuracy
	Adj. aha
	GLMM (binomial)
	560 trials,
70 participants
	Small (OR = 1.5)
	30.0 %

	
	
	
	
	Medium (OR = 3.5)
	99.5 %

	Confidence
	Adj. aha
	LMM*
	471 trials,
70 participants
	Small (b = 0.2)
	78.4 %

	
	
	
	
	Medium (b = 0.5)
	100 %

	Motivation
	Adj. aha
	Logistic regression
	70 participants
	Small (OR = 1.5)
	93.9 %

	
	
	
	
	Medium (OR = 3.5)
	99.9 %

	Note. Nsim = 1000. *Estimation of power for CLMM models was not available in the simr package. A linear mixed model (LMM) returned similar results as the reported CLMM model for the relationship between confidence and self-reported aha-experiences (similar effect sizes, all conclusions were identical). Thus, power was estimated for the LMM instead of the CLMM model.
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We conducted an exploratory analysis to investigate the relationship between task difficulty and aha-experiences. Both measures of aha-experiences were explored (adjusted self-report and observations). We were interested in effects of age and task difficulty, and the potential interaction between them. Accuracy was included as a control variable. See Table S9 for complete model summaries. For the self-report measure, we found direct effects of difficulty (OR = 1.44, 95% CI [1.01, 2.05], p = .043) and accuracy (OR = 3.77, 95% CI [2.08, 6.85], p = < .001), but the interaction was not significant (OR = 1.04, 95% CI [0.78, 1.38], p = .805). There was no direct effect of age (OR = 0.99, 95% CI [0.63, 1.55], p = .950). For the observational measure, we found a significant interaction between age and difficulty (OR = 1.39, 95% CI [1.09, 1.76], p = .008), as well as direct effects of difficulty (OR = 2.18, 95% CI [1.67, 2.85], p < .001) and accuracy (OR = 32.20, 95% CI [16.44, 63.08], p < .001). Again, the direct effect of age was not significant (OR = 1.20, 95% CI [0.91, 1.58], p = .327). 
Note the interaction between age and task difficulty found for the observed aha-experiences. Whereas the likelihood of having an aha-experience increased with age for the more difficult tasks, it decreased with age for the easier tasks (see Figure S9, right panel). Although this effect was not significant for the adjusted self-report measure of aha-experiences, Figure S9B indicates a similar pattern for the self-reported aha-experiences, with an increasing slope with age for the more difficult tasks and a decreasing slope with age for the easier tasks. A potential explanation for the lack of convergence between the two analyses could be the sample for the adjusted self-report measure, which was skewed towards the older children who were more likely to pass the control task. Recall that the analyses of the adjusted self-report measure excluded participants who failed the control tasks. 
All in all, these analyses suggest that there is an optimal difficulty level for tasks to elicit aha-experiences. The task should be at a difficulty level that is possible for the child to solve, yet not too easy. For a task to elicit an aha-experience, it should be difficult enough to pose a challenge for the child.
Figure S9
[image: ][image: ]The Interaction of Age and Task Difficulty in Predicting Aha-Experiences

Note. A: Ntrials = 560, Nparticipants = 70. B: Ntrials = 1280, Nparticipants = 160. 

	Table S9
Model Summaries of Generalized Linear Mixed Models Predicting Aha-Experiences 

	Model
	
	Coeff.
	SE
	z-value
	p-value
	OR
	95%CI
	Log-likelihood
	AIC
	Ntrials
	Nparticipants

	Adjusted self-report of aha-experiences
	Fixed Effects
	
	
	
	
	
	
	-327.4
	666.8
	560
	70

	
	  Intercept
	-0.72
	0.24
	-2.99
	.003
	0.49
	0.30
	0.78
	
	
	
	

	
	  Age
	-0.01
	0.23
	-0.06
	.950
	0.99
	0.63
	1.55
	
	
	
	

	
	  Accuracy
	1.33
	0.30
	4.36
	< .001
	3.77
	2.08
	6.85
	
	
	
	

	
	  Difficulty
	0.37
	0.18
	2.03
	.043
	1.44
	1.01
	2.05
	
	
	
	

	
	  Age*Difficulty
	0.04
	0.15
	0.25
	.805
	1.04
	0.78
	1.38
	
	
	
	

	
	Random Effects
	
	
	
	
	
	
	
	
	
	

	
	  Intercept by 
  participant
	SD = 1.48
	
	
	
	
	
	
	
	
	

	Observed aha-experiences
	Fixed Effects
	
	
	
	
	
	
	-488.7
	989.3
	1280
	160

	
	  Intercept
	-2.38
	0.18
	-13.43
	< .001
	0.09
	0.07
	0.13
	
	
	
	

	
	  Age
	0.18
	0.14
	1.32
	.187
	1.20
	0.91
	1.58
	
	
	
	

	
	  Accuracy
	3.47
	0.34
	10.12
	< .001
	32.20
	16.44
	63.08
	
	
	
	

	
	  Difficulty
	0.78
	0.14
	5.70
	< .001
	2.18
	1.67
	2.85
	
	
	
	

	
	  Age*Difficulty
	0.33
	0.12
	2.65
	.008
	1.39
	1.09
	1.76
	
	
	
	

	
	Random Effects
	
	
	
	
	
	
	
	
	
	
	

	
	  Intercept by 
  participant
	SD = 1.25
	
	
	
	

	Note. Generalized Linear Mixed Models with binomial error distributions, as implemented by the R-package lme4 (glmer).
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