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ABSTRACT 27 

Creative thinking is critical to overcome many daily life situations. As such, there has 28 

been a growing interest on how creative thinking develops across childhood. However, little is 29 

known about the underlying mechanisms driving its development. Indeed, almost all research 30 

has focused on divergent thinking, leaving aside convergent thinking, and did not thoroughly 31 

investigate how internal and/or external factors influence their development. Here, two hundred 32 

twenty-two children aged from four to twelve years-old attending either a Montessori or a 33 

traditional school performed drawing-based convergent and divergent standardized tasks. In 34 

addition, a sub-set of forty-one children were tested using similar tasks for a second session 35 

three years apart. The results revealed dynamic developmental stages of convergent and 36 

divergent thinking. More specifically, a loss of divergent thinking was counterbalanced by a 37 

gain of convergent thinking, especially during the fourth-grade slump (8-10 years-old). 38 

Although, Montessori-schooled children showed overall higher creative abilities than 39 

traditionally-schooled children, no differences were observed in the developmental trajectories 40 

of convergent and divergent thinking between the two pedagogies. This suggests that progress 41 

and decrease in creative thinking may be mostly due to internal factors such as brain maturation 42 

factors than external factors such as peer-pressure.  43 

  44 
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INTRODUCTION 45 

We, humans, are special in the animal kingdom. Although we are not physically the fastest nor 46 

the most enduring animal, we can travel thousands of kilometres in a couple of hours thanks to 47 

sophisticated innovative devices such as airplanes or cars. Critically, creativity plays a key role 48 

in the process of innovative behaviors (Rawlings & Legare, 2021). In the present paper, we 49 

investigated the developmental trajectories of both divergent and convergent creative thinking 50 

in four to twelve-years-old children adopting a cross-sectional and longitudinal framework and 51 

explored to what extent the type of pedagogy experienced, either traditional or Montessori, 52 

contributed to similarities or changes in these developmental trajectories. 53 

Creative thinking 54 

  Creativity is defined as the ability to generate original and useful ideas to overcome 55 

constraints (Sternberg & Lubart, 1996). There are two main components involved in creative 56 

thinking: divergent  (Plucker & Renzulli, 1999) and convergent thinking (Guilford, 1950). 57 

Divergent thinking is the process of producing multiple ideas or solutions to solve a specific 58 

problem, such as generating alternative uses for a common object (Barbot et al., 2016; Lubart, 59 

Besançon & Barbot, 2011). Accordingly, to assess individual divergent thinking level, different 60 

standardized tasks have been developed and used, such as the alternative uses task (Beaty & 61 

Johnson, 2020) and the alternative drawing-based task (Barbot, 2018; Lubart, Beasançon & 62 

Barbot, 2011). In the former, individuals are asked to invent substitute uses for a common object 63 

(e.g., a “brick”, a “sock”) whereas in the latter they are asked to generate multiple drawings 64 

from a predefined random shape (Barbot et al., 2011). The level of divergent thinking abilities 65 

can be quantified based on the participant’s flexibility (i.e., number of different categories 66 

mentioned), fluency (i.e., total number of non-redundant ideas produced), and originality (i.e., 67 

the uniqueness of the idea). The antagonist of divergent thinking is convergent thinking, which 68 

is the process by which multiple thoughts from life experience are assembled in an associative 69 
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manner to fit a specific problem (Guilford, 1950). There are several standardized convergent 70 

thinking tasks, such as drawing-based tasks where individuals are instructed to create a drawing 71 

that integrates a given number of abstract shapes with a score based on the originality of the 72 

idea, the quality of shapes’ integration, and the storytelling dimension. (Barbot et al., 2011).  73 

Divergent thinking development 74 

Creative thinking has a long history in developmental research (e.g., Hammershøj, 2021; 75 

Miller & Gerard, 1979), though much remains to be done to understand how precisely it 76 

develops across childhood given that most developmental research is based on divergent 77 

creative thinking tasks (Barbot et al., 2016). IErreur ! Signet non défini.nterestingly, research 78 

using the latter tasks has identified a non-linear developmental pattern throughout childhood 79 

(Said-Metwaly et al., 2021). Indeed, a longitudinal study observed an overall increase in 80 

divergent thinking ability but with three slumps or decreases in performance occurring at age 81 

five, nine and twelve (Torrance, 1968). More specifically, the slump at age nine, also known as 82 

the fourth grade slump, has arisen great interest with studies reporting its presence (Barbot et 83 

al., 2018; Raina et al., 1980; Saggar et al., 2019; Timmel, 2001) whereas other studies have 84 

reported its absence  (Charles & Runco, 2010; Jaarsveld et al., 2012; Lau & Cheung, 2010; Sak 85 

& Maker, 2006) or only a slight bump at this age (Claxton et al., 2005). Indeed, a recent meta-86 

analysis failed to find evidence of the fourth grade slump (Said-Metwaly et al., 2021). However, 87 

such discrepancies between studies are not surprising given that in the seminal work of Torrance 88 

(1968), only half of the fourth graders showed a slump. As such, inter-individual differences as 89 

well as differences in the experimental settings (i.e., longitudinal versus cross-sectional design, 90 

specificities of the task) may play a large role in the observation or not of the fourth grade slump 91 

across studies and call for more research to better understand the discrepancies in these findings.  92 

Convergent thinking development 93 
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Conversely, little is known on the developmental trajectory of convergent thinking, as 94 

it arose less interest among researchers in creative thinking development (Runco & Acar, 2019). 95 

However, there is some suggestive evidence that convergent thinking may follow a steady 96 

increase in performance across childhood. Indeed, using a cross-sectional procedure, Guignard 97 

& Lubart (2016) observed that both gifted and non-gifted children (i.e., IQ more than and less 98 

than 130, respectively) showed an increase in performance for convergent thinking from the 5th 99 

grade to 7th grade. Conversely, for divergent thinking strong individual differences were 100 

reported between the two groups with no difference between the grades for gifted children and 101 

an increase from the lower to the higher grade for non-gifted children. Interestingly, a recent 102 

study used a convergent thinking task to analyze the fourth grade slump and found no decrease 103 

(Gralewski et al., 2016). This suggests that convergent thinking may have a steadier increase 104 

across childhood than divergent thinking (which has different slumps), potentially due to 105 

individual differences. 106 

Role of internal factors on divergent and convergent thinking 107 

Convergent and divergent thinking may rely on distinct internal and cognitive processes 108 

with a developmental peak at different cognitive stages and age. Many scholars have described 109 

that children go through successive cognitive stages leading up to abstract thinking (Fischer, 110 

1980; Montessori, 1936; Piaget, 1952, 1954). For instance, up to seven years of age, children 111 

explore their environment to gain knowledge (Piaget, 1952), encoding information through 112 

experience (Gitten et al., 2006). This process is named associative learning and may be related 113 

to the early increase in convergent thinking, possibly paralleled by the emergence of divergent 114 

thinking. Then, children enter the concrete operational stage where thoughts are reasoned and 115 

converge. While this period could hinder the emergence of original ideas – as reflected by the 116 

fourth grade slump in divergent thinking abilities (Torrance, 1968)—it could be related to a 117 

gain in convergent thinking abilities. After the fourth grade, children can use ideas in an 118 
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unconventional manner (Piaget, 1954) leading teenagers to switch between dependency from 119 

their parents to social autonomy (Kleibeuker et al., 2013). This switch impacts their explorative 120 

abilities and may explain the peak in divergent creative thinking observed by mid-adolescence 121 

(15-16-years-old; Kleibeuker et al., 2013; Stevenson et al., 2014).  122 

Role of external factors on divergent and convergent thinking 123 

Besides internal factors, several external factors might explain the developmental 124 

trajectories of divergent and convergent thinking. For instance, it is thought that the variations 125 

in the observation of the fourth-grade slump could be due to peer pressure and the need to 126 

conform to social norms, as encountered at school. In fact, social settings impact creative 127 

thinking and contribute to individual differences (Amabile et al., 1996; Camarda et al., 2021; 128 

Paulus & Dzindolet, 2008). One particular setting where children spend most of their time is at 129 

school but this aspect has never been investigated in previous research. Critically, two different 130 

school pedagogies can be opposed. On the one hand, traditional pedagogy where children 131 

experience a more normative environment with same-age classes, a regulated curricula that was 132 

decided in advance and directed by a teacher, as well as tests that are given in order to assess 133 

children’s performance which favors competition between peers (Hayek et al., 2017), may limit 134 

their creative potential (Dineen & Niu, 2008). On the other hand, the Montessori pedagogy 135 

(Lillard et al., 2017; Marshall, 2017; Montessori, 1936), among other alternative pedagogies 136 

(e.g., Freinet, Waldorf), is a school setting where children are in a less-pressured learning 137 

environment with multi-age classes, a less regulated curricula, no grades, and favors peer-to-138 

peer cooperation. This is encouraged by using associative learning until the age of six years 139 

where children take on activities and must make choices on their own to find a solution which 140 

could favor the growth of convergent thinking. From the age of six years, explorative learning 141 

is enhanced using all the knowledge acquired through exploration and experience by 142 

collaborating with other classmates which is key for the effectiveness of divergent thinking. 143 
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This environment has been shown to favor creative thinking (Besançon & Lubart, 2007; Lillard 144 

& Else-Quest, 2006), independently of cognitive control and fluid intelligence abilities 145 

(Denervaud et al., 2019). Therefore, investigating both divergent and convergent thinking in 146 

different school settings might shed new lights on our understanding of the development of 147 

creative thinking. 148 

The present study 149 

Taken together, there may be an overall dynamic process where divergent thinking 150 

decreases in favor of convergent thinking across childhood. If true, children benefitting from 151 

an environment nurturing successively these modes of thinking, such as in the Montessori 152 

pedagogy, would reinforce their creative thinking abilities. However, the use of limited sample 153 

sizes with little clear variations between individuals, cross-sectional approaches over 154 

longitudinal approaches coupled with the intense focus on divergent thinking (see Runco & 155 

Acar, 2019) have limited a more thorough investigation of creative thinking as a dynamic 156 

process. Consequently, in the present paper, we first tested a sample of two hundreds twenty-157 

two children aged from 4 to 12 years-old in both convergent and divergent creative thinking 158 

tasks adopting a cross-sectional approach (for a similar approach, see Jaarsveld et al., 2012). 159 

Furthermore, we explored the role played by the pedagogy experienced by comparing within 160 

this sample, children either enrolled in traditional schools or Montessori schools. We then 161 

adopted a longitudinal approach by testing a sub-set of forty-one of these children two to three 162 

years later using the same tasks to attempt to provide a clearer developmental picture of the 163 

development of creative thinking. From these forty-one children, another sub-set of twenty-six 164 

children were included in the investigation of the fourth grade slump. We hypothesized that 165 

creative thinking would follow a dynamic development where convergent and divergent 166 

thinking abilities fluctuate differently across childhood. More specifically, we expected to 167 

observe in the cross-sectional and longitudinal datasets different developmental trajectories of 168 
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convergent and divergent thinking, which would be evidenced by a potential decrease of 169 

divergent thinking coupled with an increase of convergent thinking in 6 to 12 years-old (Barbot 170 

et al., 2016; Guignard & Lubart, 2016; Raina et al., 1980; Saggar et al., 2019; Timmel, 2001; 171 

Torrance, 1968). Importantly, if the fourth-grade slump was present in our data (Said-Metwaly 172 

et al., 2021), we expected the compensation of convergent thinking over divergent thinking to 173 

be especially magnified during this age period. Finally, we hypothesized that creative thinking 174 

(both convergent and divergent thinking) could be modulated by school pedagogy, with 175 

Montessori-schooled children showing overall greater creative thinking abilities than 176 

traditionally-schooled children, as reported in previous work (Besançon & Lubart, 2007; 177 

Denervaud et al., 2019), with potentially a reduction of the fourth-grade slump in the former 178 

than in the latter. 179 

 180 

MATERIAL & METHOD 181 

Participants 182 

A total of two hundreds twenty-two typically developing children from 4 to 12 years-183 

old (Mage = 8.79 years-olds, SDage = 2.20 years-old, age range = 4.3-12.8 years-old, 109 females) 184 

took part in this study. Participants were recruited within multiple schools across Switzerland, 185 

and from two different types of pedagogies. One hundred and four children were enrolled in 186 

Montessori schools (Mage = 8.69 years-old, SDage = 2.27 years-old, age range = 4.3-12.8 years-187 

old, 44 females) and one hundred eighteen participants were enrolled in traditional schools 188 

(Mage = 8.88 years-old, SDage = 2.14 years-old, age range = 4.6-12.8 years-old, 65 females).  189 

Out of these two hundreds twenty-two children, forty-one children aged six- to twelve-190 

years-old (Mage = 9.42 years-old, SDage = 1.81 years-old, age range = 5.9-12.8 years-old, 22 191 

females), came back for a second session between two and three years later. The legal guardian 192 
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of the participant filled in a written consent form. This study was approved by the local ethics 193 

commission. 194 

 195 

Material and procedure 196 

All children were tested either at the lab or in schools, in a quiet and dedicated room. 197 

All tasks were paper-based, and the duration of the experiment was of 1 hour. 198 

Group variables  199 

Children enrolled in this study came from public traditional or private Montessori 200 

learning environments. Given that Montessori schools in Switzerland are private systems only, 201 

group variables were collected to ensure group homogeneity on fluid intelligence and socio-202 

economic backgrounds. 203 

Fluid intelligence was measured through a black-and-white version of the Raven’s 204 

Progressive Matrices (PM-47) test (Raven et al., 1998), composed of 36 incomplete matrices. 205 

For each matrix, the participant was presented with six possible patterns, and asked to select 206 

one to complete the missing part. The time limit was set to 15 minutes. To score fluid 207 

intelligence, correct answers were summed (score range: 0 to 36). 208 

The socio-economic status (SES) was assessed through a parental questionnaire. Parents 209 

were asked to complete a form about their educational and professional levels (Genoud, 2011). 210 

The answers given from each parent were rated from one to four, summed and then averaged. 211 

For the educational level, each parent was asked about the degree they completed (0 was 212 

attributed to no degree and 4 to PhD or higher). For the professional level, each parent had to 213 

wright their job and a specified table was used to rate their job. In the case where the child was 214 

under biparental authority, the average of both parents was computed. In the case of mono 215 

parental authority, the score was computed based on the answers from the legal guardian. Then, 216 

the scores were normalized (score range: 0 to 1). 217 
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 218 

Creative thinking measures 219 

Standardized drawing paper-based tasks were used to assess convergent and divergent 220 

thinking (Evaluation of Potential Creativity battery; Lubart, Besançon & Barbot, 2011). 221 

 222 

Convergent creative thinking task 223 

The child was asked to draw on a sheet of paper the most creative drawing as possible 224 

by including at least 3 of the 8 abstract shapes (e.g., an oval) within a predefined time of 10 225 

minutes. The task had shapes used in common drawings (e.g., a square and a triangle to draw a 226 

house) to differentiate more creative children who used these shapes to draw something else 227 

from less creative children who drew a house. To assess convergent thinking, each drawing was 228 

rated on a scale from 1 (i.e., low creativity drawing) to 7 (i.e., high creativity drawing). Based 229 

on the experimental manual (Evaluation of Potential Creativity battery; Lubart, Besançon & 230 

Barbot, 2011), this was done by three blind independent trained raters who were instructed to 231 

rate each drawing by taking into consideration the integration of shapes (i.e. the shapes were 232 

used appropriately in the child’s drawing), originality (i.e. did the child draw something 233 

different from other children), and storytelling (i.e. if the child was able to share a story through 234 

its drawing). Inter-rater agreement was assessed by using the percent agreement for multiple 235 

raters. For each drawing, there were three different combinations possible between the raters 236 

(i.e., R1/R2, R1/R3, R2/R3). For each combination, if two raters agreed with each other on the 237 

score, they would receive 1 point and 0 if they disagree. A maximum of 3 points would be 238 

possible for each drawing. To calculate the percentage of agreement, the sum was used and 239 

divided by the total of combinations (i.e., 3 times the number of participants). This percentage 240 

was evaluated as good (67%). 241 

 242 



11 
 

Divergent creative thinking task 243 

The child was instructed to draw as many different drawings as possible from an abstract 244 

shape within a predefined time of 5 minutes. As for the convergent drawing task, the child was 245 

asked to be as creative as possible. To rate divergent thinking, the sum of each valid drawing 246 

was applied, i.e., a concrete and unique drawing where the initial given shape was used. If the 247 

child used the shape for the same idea in two separate drawings, only one drawing was counted. 248 

This task had no maximum. 249 

 250 

Statistical analyses 251 

R Studio (R Studio Team, 2020) and Jamovi (https://www.jamovi.org/) were used to 252 

perform the statistical analyses. 253 

 254 

Group variables 255 

Age, sex, fluid intelligence, and SES were collected to verify homogeneity between the 256 

two groups (i.e., Montessori and traditional) as those variables can influence creative thinking 257 

(Beaty et al., 2014; Castillo-Vergara et al., 2018; Mouchiroud & Lubart, 2016; Piaw, 2014). 258 

Firstly, the normality of the data was tested through Shapiro-Wilk tests on age, fluid 259 

intelligence, and SES. If p > .05, Student’s t-tests were applied, however if p < .05, Welch’s t-260 

tests were performed. Finally, a chi-square test was done to verify whether the sex ratio was 261 

comparable between the two groups. These statistical analyses were performed on the cross-262 

sectional and longitudinal data. 263 

 264 

Creative thinking measures 265 
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The proportion of maximum scaling (POMS) method (Little, 2013) was applied to allow 266 

comparison between convergent and divergent thinking scores. This method scales measures 267 

from 0 to 1 as follow: POMS = [(observed − minimum)/(maximum − minimum)].  268 

First, the cross-sectional data was analyzed using an ANalysis of COVAariance 269 

(ANCOVA) on POMS scores of creative thinking, with form of creative thinking (convergent, 270 

divergent) and pedagogy (Montessori, traditional) as factors, age as a covariate and all 271 

interactions terms. For each p-value lower than .05, post-hoc comparisons were performed, with 272 

Tukey correction.  273 

Second, the longitudinal data was analyzed using a repeated measures ANOVA 274 

(rmANOVA) on the POMS scores of creative thinking at each timepoint (timepoint 1, timepoint 275 

2) with the form of creative thinking (convergent, divergent) as within-subjects factor, and 276 

pedagogy (Montessori, traditional) as between-subjects factor. As for the cross-sectional data, 277 

post-hoc comparisons were performed if p < .05.  278 

Furthermore, an exploratory analysis on a sub-set of 26 participants (age range: 8.0-10.8 279 

years-old.; Mage = 9.55 years-old, SDage = 0.93; 15 females) from the longitudinal data was 280 

performed to explore the extent to which divergent thinking loss was related to an increase of 281 

convergent thinking during the fourth-grade slump (8-10 years-old). A paired samples t-test 282 

was used to compare convergent and divergent thinking between timepoints. 283 

 284 

RESULTS 285 

Control variables 286 

Table 1 – Demographics and control variables for the cross-sectional data 287 

  Montessori Traditional Statistical tests 

N (F)  104 (44)  118 (65)  χ² (1,222) = 0.07, p = .788  

Age (SD)  8.69 (2.28)  8.88 (2.15)  t(213) = -0.62, p = .535  
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  Montessori Traditional Statistical tests 

Age range  4.37-12.80  4.62-12.80    

Fluid intelligence  30.40 (7.08)  29.50 (6.41)  t(209) = 0.98, p = .328  

SES  0.71 (0.11)  0.71 (0.12)  t(217) =-0.40, p = .686  

  288 

 289 

For the cross-sectional data, Shapiro-Wilk tests showed a violation of normality for all 290 

three variables (p-values < .001) and Welch t-tests were applied for group comparison. The 291 

analyses did not reveal any group difference between Montessori-schooled children and 292 

traditionally-schooled children for all control variables (Table 1). 293 

 294 

Table 2 – Demographics and control variables for the longitudinal data 295 

  Montessori Traditional Statistical tests   

N (F)  17 (9)  24 (13)  χ² (1,41) = 0.22, p = .639  

Age at T1 (SD)  9.29 (1.87)  9.41 (1.81)  t(39) = -0.20, p = .842  

Age range at T1  5.92-12.70  6.00-12.80    

Age at T2 (SD)  12.2 (1.90)  12.3 (1.85)  t(39) = -0.09, p = .926  

Age range at T2  8.80-15.80  8.40-15.70    

Fluid intelligence at T1  32.9 (3.95)  31.8 (3.76)  t(39) = 0.85, p = .399  

Fluid intelligence at T2  34.5 (2.67)  34.1 (1.67)  t(39) = 0.53, p = .601  

SES at T1  3.11 (0.37)  2.90 (0.58)  t(38) =1.44, p = .159  

SES at T2  3.21 (0.51)  2.94 (0.60)  t(37) = 1.47, p = .149  

  296 

 297 

For the longitudinal data, Shapiro-Wilk tests revealed a non-violation of normality for 298 

age at timepoint 1 (T1; p = .485) and age at timepoint 2 (T2; p = .714), Student’s t-tests did not 299 

reveal any group difference between Montessori-schooled children and traditionally-schooled 300 
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children for age at T1 and T2 (Table 2). However, there was a violation of normality for fluid 301 

intelligence and SES at both timepoints (ps < .004) and Welch t-tests were performed for group 302 

comparison, revealing no group differences between Montessori-schooled children and 303 

traditionally-schooled children for fluid intelligence at T1 and T2, and SES at T1 and T2 (Table 304 

2).  305 

These results indicated that the groups were homogeneous on these measures for the 306 

cross-sectional and longitudinal analyses. 307 

 308 

Convergent and divergent thinking 309 

Cross-sectional data. 310 

The ANCOVA on the cross-sectional data yielded significant main effects of form of 311 

creative thinking, F(1,433) = 11.96, p < .001, ηp
2  = 0.027, pedagogy, F(1,433) = 4.51, p = .034, 312 

ηp
2  = 0.010, and age, F(1,433) = 105.68, p < .001, ηp

2  = 0.196. These effects indicated 313 

convergent thinking performance (M = 0.58, SD = 0.24) was higher than divergent thinking 314 

performance (M = 0.48, SD = 0.30), the overall creative thinking performance was higher for 315 

Montessori-schooled children (M = 0.63, SD = 0.27) than for traditionally-schooled children 316 

(M = 0.44, SD = 0.25), and significantly increased as children gain age. We observed a 317 

significant interaction between form of creative thinking and age, F(1,433) = 5.85, p = .016, ηp
2  318 

= 0.013 (Figure 1), revealing that divergent thinking and convergent thinking follow different 319 

trajectories which could be reflected by a slump in divergent thinking and a bump in convergent 320 

thinking. No other interaction terms were significant (p > .288). 321 
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 322 
 323 

Figure 1 – POMS creative thinking scores as a function of age grouped by form of creative 324 

thinking. Convergent thinking is higher in younger children then divergent thinking catches up 325 

during early adolescence.  326 

 327 

Longitudinal data 328 

 A rmANOVA was used to compare the effect of the form of creative thinking and 329 

pedagogy between the two timepoints (T1 and T2) on all longitudinal data (N = 41). This 330 

analysis revealed main effects of the form of creative thinking, F(1,39) = 17.50, p < .001, ηp
2  = 331 

0.310, and pedagogy, F(1,39) = 21.00, p < .001, ηp
2  = 0.350. Overall, convergent thinking (M = 332 

0.60, SD = 0.23) had a higher mean value than divergent thinking (M = 0.45, SD = 0.27), and 333 

Montessori-schooled children (M = 0.64, SD = 0.25) scored higher than traditionally-schooled 334 

children (M = 0.46, SD = 0.22). Although, there was no main effect of the timepoint, p = .184, 335 

we nevertheless observed a significant two-way interaction between timepoint and form of 336 

creative thinking, F(1,39) = 25.64, p = < .001, ηp
2  = 0.397. This interaction revealed that 337 

convergent thinking was significantly higher at timepoint 2 (M = 0.70, SD = 0.17) than at 338 

timepoint 1 (M = 0.51, SD = 0.25), t(39) = -4.34, p < .001, but divergent thinking was not 339 
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significantly different between timepoint 1 (M = 0.49, SD = 0.31) and timepoint 2 (M = 0.41, 340 

SD = 0.21), t(39) = 2.17, p = .151 (Figure 2). No other interaction term was significant (p > 341 

.103).  342 

 343 

 344 
Figure 2 – Interaction between timepoint and creative thinking score. Convergent thinking 345 

shows an increase between timepoint 1 and timepoint 2 whilst divergent thinking shows a 346 

decrease between the timepoints. 347 

 348 

Longitudinal analysis of the fourth grade slump 349 

While plotting the longitudinal data, an obvious loss of divergent thinking and gain of 350 

convergent thinking was observed across the fourth grade slump (Figure 3). We therefore 351 

extracted a sub-set group of twenty-six children (Mage = 9.55 years-old, SDage = 0.93 years-old, 352 

age range = 8.0-10.8 years-old, 15 females) to explore the extent to which divergent thinking 353 

loss was related to an increase of convergent thinking during the fourth-grade slump (8-10 354 

years-old).  355 
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 356 

Figure 3 – Longitudinal data. A. POMS scores of divergent thinking. B. Raw scores of 357 

convergent thinking. 358 

 359 

A paired samples t-test was used to compare convergent and divergent thinking between 360 

timepoints, 16 showed a loss between timepoints in divergent thinking and 22 showed a gain 361 

in convergent thinking between timepoints. On average, divergent thinking was significantly 362 

lower at timepoint 2 (M = 0.41, SD = 0.22) than timepoint 1 (M = 0.53, SD = 0.31), t(25) = 363 

2.51, p = .02. The decrease of divergent thinking was balanced by a significant increase of 364 

convergent thinking at timepoint 2 (M = 0.72, SD = 0.17) over timepoint 1 (M = 0.49, SD = 365 

0.46), t(25) = -4.39, p < .001; Figure 4.  366 
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 367 

Figure 4 – Evolution of divergent thinking (A) and convergent thinking (B) between timepoint 368 

1 and timepoint 2. The dots indicate the differences from T2 to T1 (green = increase, red = 369 

decrease and gray = no gain or loss).  370 

 371 

DISCUSSION 372 

A lack of studies investigating both convergent and divergent thinking across the school 373 

years has limited the understanding of creative thinking’s slumps and bumps throughout 374 

childhood. It was unknown whether these fluctuations reflect maturational processes, 375 

environmental influences, or both. Here, we investigated for the first time in a single study both 376 

convergent and divergent thinking across childhood (from 4 to 12 years-old) using a large cross-377 

sectional dataset and a sub-set of longitudinal data, and explored to what extent an 378 

environmental factor, namely school pedagogy, contributes to the development of these forms 379 

of creative thinking.  380 

Consistent with our first prediction, we reported different developmental patterns for 381 

convergent and divergent thinking at the cross-sectional and longitudinal levels. Indeed, the 382 

cross-sectional analysis showed a higher level of convergent thinking over divergent thinking 383 
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early during development. These results were confirmed with our longitudinal analyses. The 384 

early increase in convergent thinking could be explained by younger children acquiring 385 

knowledge by experiencing the environment they are in and learning by associating different 386 

concepts together (e.g., Denervaud et al., 2021). The higher level of convergent thinking over 387 

divergent thinking in younger children (~4-10 years-old) can be related to the inability of these 388 

children to efficiently think in an abstract manner (Fischer, 1980; Snyder & Munakata, 2010, 389 

2013). Accordingly, at the age of 12 years, divergent thinking reached the same level as 390 

convergent thinking in the cross-sectional analysis. The longitudinal analysis confirmed this 391 

observation with divergent thinking showing a stronger increase than convergent thinking 392 

which leads divergent thinking to catch up with convergent thinking when children grow up. 393 

One possible explanation for this would be the increasing gain in general knowledge and 394 

abstract abilities (Munakata et al., 2012) underlying a better ability to self-directed switch from 395 

one concept to another unrelated concept (e.g., Sauzéon et al., 2004). This could explain why 396 

divergent thinking increases more than convergent thinking during this period.  397 

Additionally, we observed that the well-established decrease in divergent thinking 398 

(Torrance, 1968) was related to an increase in convergent thinking, especially during the fourth 399 

grade’s slump. This seems to confirm that there is no fourth grade slump for convergent 400 

thinking (Gralewski et al., 2016; Jaarsveld et al., 2012). However, our results indicated that 401 

there was a fourth grade slump for divergent thinking, although such slump is not consistently 402 

reported (Said-Metwaly et al., 2021), potentially due to different methodological approaches. 403 

Nevertheless, this slump was thought to be caused by social norms and peer pressure 404 

experienced at school (Saggar et al., 2019; Torrance, 1968), therefore we hypothesized that 405 

different school pedagogies may modulate this decrease of divergent thinking. However, 406 

contrary to our expectations, we observed that although Montessori-schooled children showed 407 

better creative thinking abilities than traditionally-schooled children, in line with previous 408 



20 
 

findings (e.g., Besançon & Lubart, 2007; Denervaud et al., 2019), the former who experience 409 

an environment with an absence of peer pressure and social norms (i.e. Montessori pedagogy), 410 

showed a similar loss of divergent thinking during fourth grade as well as a bump of convergent 411 

thinking than children experiencing an environment with peer pressure and social norms (i.e. 412 

traditional pedagogy). This strongly suggests that the decrease in divergent thinking and 413 

increase in convergent thinking could be more related to maturational processes occurring at 414 

these ages (e.g., functional connectivity between the prefrontal cortex and the default mode 415 

network, Fan et al., 2021) and less dependent on life experience such as schooling. One 416 

explanation for this phenomenon could be the increase of one form of creative thinking as a 417 

compensatory process to the decrease of the other. Indeed, a decrease of one form of creative 418 

thinking is not necessarily synonymous to an overall decrease of creative thinking. Maybe, this 419 

decrease could be due to an increase of the other occurring because of maturational processes. 420 

Another explanation could be the ability of children to change beyond social norms and peer 421 

pressure at these ages as thought earlier, following the concrete developmental stage (Fischer 422 

et al., 1980; Piaget, 1954). During this stage, children’s thoughts become logical and organized 423 

which would in turn not support the emergence of original ideas (i.e., decrease of divergent 424 

thinking). This shift in the way thoughts emerge means that environmental influences, such as 425 

social norms and peer pressure, may not impact the development of creative thinking during 426 

these ages. It could be due to the ability of children to change. However, the possibility of 427 

school pedagogy impacting convergent and divergent thinking during the fourth grade should 428 

not be excluded. Indeed, it could be due to both traditional and Montessori schools 429 

unintentionally focuse more on convergent tasks rather than divergent tasks in their school 430 

activities (e.g., finding the most appropriate solution to a problem) which could in turn explain 431 

this increase in convergent thinking. More work is needed to answer these questions. So far, 432 

our findings suggest considering the development of convergent and divergent thinking as 433 



21 
 

dynamic and to be studied separately. Additionally, creative thinking should not be referred by 434 

only one of these forms when studying it in children. Through these results, we were able to 435 

replicate previous work reporting a non-linear development in divergent thinking which goes 436 

through slumps and bumps (Saggar et al., 2019). Moreover, we reported that lower divergent 437 

thinking abilities seem to be compensated by an increase in convergent thinking. 438 

Critically, as mentioned previously, although Montessori-schooled children go through 439 

the same developmental slumps and bumps of convergent and divergent thinking than 440 

traditionally-schooled children, they nevertheless outperformed the latter in both the cross-441 

sectional and longitudinal analyses (Besançon & Lubart, 2007; Denervaud et al., 2019). One 442 

possible explanation for this outcome relates to the specificities of the Montessori pedagogy, 443 

which emphasizes self-exploration (i.e., self-directed work and active learning) and exerts less 444 

pressure by the teacher and classmates (i.e., no formal assessment, grade, homework). In this 445 

environment, Montessori-schooled children may follow the same dynamic changes in their 446 

creative thinking than traditional-schooled children, but the former may better fulfill their 447 

creative thinking potential. The fact that we did not observe a greater increase of creative 448 

thinking across development in Montessori-schooled children, nor a catch-up by traditionally-449 

schooled peers, may indicate that creative potential may be nurtured early during development 450 

and continue its trajectory over time. If confirmed, it points the importance of fostering creative 451 

thinking abilities in the early years of development. 452 

Limitations 453 

Several limitations need to be acknowledged. First, our findings should be replicated in 454 

countries where traditional schools use a different educational system. All the children in this 455 

study attended a school in Switzerland. Countries such as Sweden, as an example, have 456 

traditional schools that resembles to Montessori schools and cultural differences between 457 

countries have been shown to impact the performance on creativity tasks (Shao et al., 2019). 458 
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Second, more creative parents may be more inclined to send their children to schools using 459 

alternative pedagogies (e.g., Montessori, Freinet, Waldorf) which could explain higher creative 460 

thinking abilities in Montessori-schooled children. Third, regarding the dynamic development 461 

of creative thinking, extending the current sample to children younger than 4 years-old and 462 

older than 12 years-old with a longitudinal approach would allow to better capture both early 463 

development of creative thinking and how divergent thinking develops after the fourth grade. 464 

Then, we reckon that both external factors such as home environment and internal factors such 465 

as personal motivation can influence how a child perform on a creative thinking task. For 466 

instance, the creative thinking task used here were drawing-based tasks, and it could have been 467 

informative to have a measure of how often each child engage in a similar activity either at 468 

home or at school. There can be multiple factors influencing a child’s performance during a 469 

creative thinking task such as fatigue, motivation, personal interest and so on. Therefore, future 470 

work should take into consideration these aspects to better approach creativity development. 471 

Fourth, as previously mentioned, the children performed drawing-based tasks, whereas there 472 

are different tasks measuring creative thinking such as verbal and graphic tasks. Due to limited 473 

time, we chose to use only drawing-based tasks, but future work should make use of different 474 

methods to allow for a better generalization of the results. Finally, we acknowledge that our 475 

longitudinal approach might have some weaknesses. Indeed, due to the difficulty of tracking 476 

children over a long period of time, we were able to test only forty-one out of the two hundreds 477 

twenty-two children initially tested. Therefore, we mind the readers about the generality of our 478 

results and call for future research adopting a longitudinal approach. Moreover, although the 479 

longitudinal findings were backed up with the cross-sectional findings, we reckon that having 480 

only two data points in the longitudinal approach to track dynamic developmental changes 481 

might not be ideal and we encourage future longitudinal studies to increase the number of these 482 

data points to better capture these changes. 483 
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Conclusions 484 

To conclude, the main contribution of the present paper is to suggest in a single cross-485 

sectional and longitudinal study that convergent and divergent thinking may follow different 486 

developmental trajectories. More specifically, we reported a fourth-grade slump in divergent 487 

thinking (but see Said-Metwaly et al., 2021), but also found suggestive evidence that this 488 

decrease was compensated by an increase of convergent thinking. Finally, we observed this 489 

dynamic relation between convergent and divergent thinking in the development to be similar 490 

in children coming from different school pedagogies, suggesting an important role of 491 

maturational neural and/or cognitive processes in the developmental paths of these two forms 492 

of creative thinking. However, the possibility of school pedagogy impacting this dynamic 493 

relation should not be excluded as Montessori children outperformed traditionally-schooled 494 

children. Future work is needed to better unveil the developmental path of creative abilities and 495 

how to foster them. 496 

 497 
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