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Metamorphosis is a challenging concept for children to learn. 29 

There is a developmental change on how perceptual richness influences learning. 30 

First and second graders learned better with rich diagrams. 31 

Fourth and fifth graders generalized more broadly with bland diagrams. 32 
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Abstract (161/250) 35 

Visualizations are commonly used in educational materials, however not all visualizations are 36 

equally effective at promoting learning. Prior research has supported the idea that both 37 

perceptually rich and bland visualizations are beneficial for learning and generalization. We 38 

investigated whether the perceptual richness of a life cycle diagram influenced children’s learning 39 

of metamorphosis, a concept that prior work suggests is difficult for people to generalize. Using 40 

identical materials, Study 1 (n = 76) examined learning and generalization of metamorphosis in 41 

first and second grade students and Study 2 (n = 53) did so in fourth and fifth grade students. 42 

Bayesian regressions revealed that first and second grade students learned more from the lesson 43 

with the perceptually rich diagram, while fourth and fifth grade students generalized more broadly 44 

with the bland diagram. The results from the fourth and fifth grade students are similar to prior 45 

research with adults. This suggests that the effect of perceptual richness on learning and 46 

generalization changes over development. 47 

 48 

Keywords: Diagrams, Perceptual richness, Visualizations, Biological reasoning, Bayesian 49 

statistics 50 
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Detailed bugs or bugging details:  53 

The influence of perceptual richness differs across elementary school years 54 

 Visualizations, such as graphs, diagrams, and pictures, are ubiquitous in educational 55 

materials. Visualizations are included in textbooks (Woodward, 1993), trade books (Etta & 56 

Kirkorian, 2019; Menendez, Mathiaparanam, et al., 2020), presentations (Angra & Gardner, 57 

2018), tests (Lindner, 2020), and even classroom decorations (Fisher et al., 2014)! Given the 58 

prevalence of visualizations in educational contexts, it is important to examine which 59 

visualizations are best at promoting learning and whether they are equally effective for all 60 

students. Additionally, visualizations might be a useful tool for teaching children about difficult 61 

or counterintuitive topics, which might otherwise pose a challenge for them to learn and 62 

generalize to new instances. In this paper, we examine how the perceptual richness of a diagram 63 

(i.e., the number of visual features it contains) influences learning and transfer of a 64 

counterintuitive biological concept across the elementary school years.  65 

Influence of perceptual richness 66 

 Many studies have examined the influence of visual representations in learning and 67 

generalization. In general, these studies find that adding visual representations to a lesson leads 68 

to better learning and generalization (Mayer, 2008, 2009; Moreno & Mayer, 1999; Wiley, 2018). 69 

However, not all visual representations are equally beneficial, as their effectiveness at promoting 70 

learning and generalization depends on characteristics of the representation (Schnotz & Bannert, 71 

2003; Schnotz & Kürschner, 2008; Skulmowski & Rey, 2018).  72 

 One characteristic that has received a lot of attention in the psychological literature is 73 

how the information is depicted. For example, the life cycle of a ladybug can be depicted in a 74 

realistic manner with photographs or detailed drawings or in a schematic manner with line 75 
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drawings (Menendez, Rosengren, et al., 2020). The literature on visualizations has not been 76 

consistent in the terminology used to describe this contrast, with realistic drawings sometimes 77 

being described as concrete, grounded, specific, perceptually rich, iconic, depictive, or as 78 

containing seductive, extraneous, or irrelevant details (Belenky & Schalk, 2014; Kaminski & 79 

Sloutsky, 2013; Koedinger et al., 2008; Menendez, Rosengren, et al., 2020; Skulmowski & Rey, 80 

2020b). Likewise, line drawings have been described as abstract, idealized, generic, perceptually 81 

bland, symbolic, schematic, sparse, or as containing only relevant details (Butcher, 2006; Rey, 82 

2012; Wiley, 2018; Wiley et al., 2017). Although the definitions of each of these terms are not 83 

perfectly overlapping (e.g., a diagram containing only relevant details might not be symbolic; 84 

Belenky & Schalk, 2014), there is considerable overlap in how they are instantiated in research 85 

studies. For example, abstract representations (representations that depict general concepts rather 86 

specific instantiations of those concepts) also tend to have fewer details than concrete 87 

representations. Put another way, concrete representations tend to be perceptually rich (Castro-88 

Alonso et al., 2016). In this research, we will use the terms perceptually rich and perceptually 89 

bland as they represent our process in creating the visualizations. We define perceptual richness 90 

in terms of the number of visual features included in the representation. Additionally, the terms 91 

perceptually rich and bland are useful when reviewing the literature, as they can be applied to 92 

two-dimensional representations like photographs and diagrams, and also to three-dimensional 93 

representations like manipulatives (Carbonneau et al., 2020). 94 

Many studies have shown that the perceptual richness leads to lower learning and transfer  95 

in adults (Butcher, 2006; Goldstone & Sakamoto, 2003; Goldstone & Son, 2005; Harp & Mayer, 96 

1998; Mayer et al., 2008; Menendez, Rosengren, et al., 2020; Rey, 2012; Sung & Mayer, 2012) 97 

and children (Carbonneau et al., 2020; Kaminski & Sloutsky, 2013). For example, Kaminski and 98 
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Sloutsky (2013) found that teaching kindergarten to second-grade students how to read bar 99 

graphs using perceptually bland graphs led to better transfer than teaching them with 100 

perceptually rich graphs. Perceptually bland representations have been proposed to promote 101 

generalization because they make it easier for learners to discern the underlying structure of the 102 

concept (Menendez, Rosengren, et al., 2020). Perceptually rich representations might be 103 

detrimental because they contain irrelevant details that the learner needs to process, which taxes 104 

their cognitive resources while not increasing learning of the relevant material (Rey, 2012). This 105 

suggests that, for adults, and perhaps for children, rich representations can be distracting, which 106 

can inhibit learning. Additionally, rich representations can inhibit transfer as students may 107 

interpret them as overly specific. 108 

 However, some recent studies have shown that rich representations can promote learning. 109 

Several studies have suggested that rich representations can promote learning if the details they 110 

contain are not distracting and are relevant to the task at hand (Belenky & Schalk, 2014; Siler & 111 

Willows, 2014; Trninic et al., 2020). There is also support for the idea that rich representations 112 

are better for generalizing to other rich representations, as the richness might serve as a retrieval 113 

cue (De Bock et al., 2011; Skulmowski & Rey, 2020a, 2020b). Additionally, there is support for 114 

the idea that children learn and transfer better when lessons begin with rich representations and 115 

then bland representations are slowly introduced. This procedure is referred to as concreteness 116 

fading (Fyfe et al., 2014; Fyfe, McNeil, & Borjas, 2015; McNeil & Fyfe, 2012) or concrete-117 

representational-abstract sequence (Butler et al., 2003; Flores, 2010). Taken together, the results 118 

of these studies suggest that children might benefit from rich representations when they are first 119 

learning a topic, or when the representations contain only relevant information. 120 
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 The effect of visualizations on learning and transfer also depends on contextual factors. 121 

Contextual factors are features of the learning environment other than the visualization, such as 122 

the wording of the lesson (Son & Goldstone, 2009), the presence of other visualizations (Rau, 123 

2017), whether students can collaborate (Carbonneau et al., 2020), and the instructors gestures’ 124 

during the lesson (Alibali et al., 2014). One contextual factor explored in prior research is the 125 

language and labels used during the lesson. The labels used in a lesson can be specific to the 126 

exemplar being described or can be more general, conveying the idea that the information 127 

applies to a broader set of exemplars. Lessons with rich representations can promote 128 

generalization if the language is general (Flynn et al., 2020; Son & Goldstone, 2009). Regardless 129 

of the language used during the lesson, children’s production of general language after the lesson 130 

has been shown to predict their generalization (Fyfe, McNeil, & Rittle-Johnson, 2015).  131 

Additionally, the effectiveness of visualizations also depends on learner characteristics, 132 

such as prior knowledge (Goldstone & Sakamoto, 2003), working memory (Sanchez & Wiley, 133 

2006), spatial ability (Hegarty & Sims, 1994), and interest in the domain (Cooper et al., 2018). 134 

Several studies have suggested that students with low prior knowledge benefit more from bland 135 

representations than rich ones, while students with high prior knowledge perform similarly with 136 

both types of representation (Cooper et al., 2018; Goldstone & Sakamoto, 2003; Menendez, 137 

Rosengren, et al., 2020). Taken together, this past work suggests that factors like prior 138 

knowledge and the use of abstract language could moderate the effect of perceptual richness on 139 

learning and transfer. 140 

Understanding of life-cycle changes 141 

 The present studies focus on how children understand life cycle changes, and in particular 142 

metamorphosis. We focus on children’s understanding of metamorphosis because prior research 143 
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suggests that it is a difficult concept for people to grasp (Herrmann et al., 2013). People tend to 144 

believe that organisms can change in certain ways throughout their lives; for example, they may 145 

get bigger and their proportions might change. However, people typically reject more drastic 146 

changes in color and form except for organisms that are familiar (French et al., 2018; Rosengren 147 

et al., 1991). Therefore, children and adults often do not think of drastic changes, such as 148 

metamorphosis, as a viable form of biological change (French et al., 2018; Rosengren et al., 149 

1991).  150 

Even after instruction, students do not think that many organisms undergo metamorphosis 151 

as part of their life cycle. According to the Next Generation Science Standards (2013), which are 152 

standards for science education for students in the United States, students are expected to learn 153 

about metamorphosis in third grade. However, adults (who likely received some formal 154 

instruction on metamorphosis) generally reject metamorphosis as a possible change, both for 155 

unfamiliar species and for familiar species like ladybugs (French et al., 2018; Menendez, 156 

Rosengren, et al., 2020). Even after directly observing a caterpillar turn into a butterfly, children 157 

are often reluctant to transfer this knowledge to other animals that undergo this change 158 

(Herrmann et al., 2013; Shepardson, 2002). This is the case even though most insects and 159 

amphibians undergo metamorphosis, and thus broad generalization is often correct. This failure 160 

to generalize has been attributed to the fact that metamorphosis violates people’s expectations 161 

that animals only get bigger with age, with very few other changes to their form or shape (French 162 

et al., 2018). Thus, metamorphosis can be considered a counterintuitive topic in biology 163 

education. 164 

 One benefit of focusing on a counterintuitive concept, such as metamorphosis, is that we 165 

can use the same materials and lessons to test people of different ages. French et al. (2018) used 166 
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the exact same stimuli to test 3- to 11-year-old children’s and adults’ intuitions about which 167 

animals undergo drastic changes such as metamorphosis. Additionally, Menendez, Rosengren 168 

and Alibali (2020) showed that adults could learn and generalize from a short lesson on 169 

metamorphosis that was designed for elementary school students. Therefore, we can examine the 170 

influence of diagrams on learning and transfer of knowledge about metamorphosis across a 171 

variety of age ranges using identical materials.  172 

Visual representations in biology education 173 

 Given that this research focuses on how children learn a biological concept, it is also 174 

important to consider the typical visualizations used in biology education. Wiley et al. (2017) 175 

analyzed the visualizations found in middle school, high school and college biology textbooks. 176 

They found that in middle school, about half of the visualizations were perceptually rich, and the 177 

proportion of perceptually rich visualizations decreased as grade level increased. Similarly, 178 

Menendez, Johnson, et al. (2020) analyzed visualizations in elementary school textbooks, as well 179 

as trade books meant to teach elementary school children biological concepts. They found that 180 

books targeting children in early elementary school had predominantly perceptually rich 181 

visualizations, such as photographs. They also found that the proportion of rich representations 182 

decreased with grade level, such that books targeted at late elementary school students had about 183 

half bland and half rich representations. These content analyses suggest that the proportion of 184 

visualizations that are rich is highest in early elementary school, and that this proportion slowly 185 

decreases, such that most of the visualizations used in college curricular materials are bland. 186 

 Content analyses of life cycle diagrams, the type of diagram used in the present studies, 187 

also suggest there is variation in the perceptual richness of these diagrams. Menendez, 188 

Mathiaparanam, et al. (2020) analyzed life cycle diagrams found in textbooks, trade books and 189 
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online. They found that the majority of the life cycle diagrams had bland backgrounds but 190 

depicted the focal animal in a rich way. However, there were some diagrams that used bland 191 

depictions of the focal animal, such as line drawings or labels. 192 

Current studies 193 

The current studies examine the effects of perceptual richness on children’s learning and 194 

generalization of a biological concept, metamorphosis. We examined children’s ability to 195 

generalize the concept of metamorphosis, as prior work shows that people have difficulty 196 

generalizing this concept beyond frogs and butterflies. Study 1 focuses on children in first and 197 

second grade. Given that the Next Generation Science Standards suggest that children should 198 

learn about metamorphosis and other life cycle changes by third grade, we tested children in first 199 

and second grade because they likely have had little exposure to or formal lessons on 200 

metamorphosis.  201 

Our studies used a pretest-lesson-posttest design. The pretest assessed participants’ 202 

knowledge of metamorphosis before the lesson. The pretest also served to replicate the findings 203 

from French et al. (2018) that children do not endorse metamorphosis as a possible change, even 204 

when it is the correct type of change for a given animal. The lesson taught children about 205 

metamorphosis in ladybugs, a familiar animal that people do not typically think undergoes 206 

metamorphosis (Menendez, Rosengren, et al., 2020). Participants received the lesson with either 207 

a perceptually rich or a perceptually bland life cycle diagram. The posttest examined whether 208 

children learned the concept in the lesson, whether they transferred their knowledge to other 209 

animals that undergo metamorphosis, and whether they overextended their knowledge to other 210 

animals that do not undergo this change. 211 
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In prior work, perceptually rich diagrams have included distracting or irrelevant 212 

information (e.g., Harp & Mayer, 1998; Mayer et al., 2008; Rey, 2012). For this reason, it is 213 

difficult to know if adding any information to a lesson influences learning or if only adding 214 

irrelevant information has an effect. To avoid this confound, the perceptually rich diagram in the 215 

current studies included only relevant details that would help learners identify the animal 216 

displayed in the diagram. The bland diagram in our study was created by removing details to the 217 

rich diagram. This makes the two diagrams more comparable, and more similar to each other, 218 

than in previous studies. Therefore, our studies provide a stringent test of the effects of adding or 219 

removing perceptual information to a lesson, even when the information is relevant. 220 

At pretest, children were presented with a number of different animals and asked about 221 

possible changes that could occur over the lifespan. We expected children to endorse change in 222 

size more than change in color, change in color more than metamorphosis and metamorphosis 223 

more than species change, and we expected that participants would endorse metamorphosis more 224 

for animals that actually do undergo metamorphosis (French et al., 2018; Menendez, Rosengren, 225 

et al., 2020). We expected that children would endorse metamorphosis for the ladybug more at 226 

posttest than at pretest, as they had just received a lesson on the topic, and prior work shows that 227 

people endorse metamorphosis for the animal included in the lesson (Herrmann et al., 2013; 228 

Menendez, Rosengren, et al., 2020). This finding would show that children were able to learn 229 

from both lessons. However, children might learn better (that is, endorse metamorphosis more 230 

for ladybugs) if they receive the lesson with the rich diagram, as prior work shows that children 231 

learn well with rich materials (De Bock et al., 2011). Based on previous findings from Kaminski 232 

et al. (2008) and Menendez, Rosengren and Alibali (2020), we further expected that children 233 

who received the lesson with the bland diagram would transfer more (i.e., would endorse 234 
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metamorphosis for non-ladybug insects) than children who received the lesson with the rich 235 

diagram. We also expected low levels of overextension, given that people do not typically 236 

endorse metamorphosis (French et al., 2018; Menendez, Rosengren, et al., 2020). Finally, we 237 

explored whether children’s use of general labels when recalling the animal in the lesson and 238 

their prior knowledge would moderate the effect of perceptual richness on transfer. 239 

Study 1 240 

Method 241 

Participants 242 

 We recruited 76 first (n = 38) and second grade (n = 38) children from a database of local 243 

families of children who had participated in previous studies (38 boys, 35 girls, and 3 who did 244 

not report gender). In the United States, children in first grade are typically 6- to 7-years-old, and 245 

children in second grade are typically 7- to 8-years-old. The families in this database had been 246 

recruited through local private and public schools, the local children’s museum, and emails to 247 

employees at a large research university. The racial/ethnic make-up of the sample, as reported by 248 

the parents, was 58 (76.3%) White, 5 (6.6%) Asian or Asian American, 4 (5.3%) Black or 249 

African American, 2 (2.6%) Hispanic or Latinx, 1 (1.3%) Native American, 1 (1.3%) bi- or 250 

multi-racial, and 5 who did not report race or ethnicity information. Families received $15 for 251 

participating in the study. 252 

Design overview 253 

 The study was divided into three different sections: pretest, lesson, and posttest. The 254 

pretest served as a partial replication of French et al. (2018) by examining children’s 255 

endorsement of different types of changes. For each animal we asked about four different types 256 

of life cycle changes (size only, color, metamorphosis, and species) with two questions (across 257 
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the lifespan and from parent to offspring). The lesson lasted 2 minutes and focused on the life 258 

cycle of a ladybug. During the lesson, children saw either a perceptually rich or perceptually 259 

bland diagram. Finally, the posttest was similar to the pretest, except that it included more 260 

animals. The posttest contained three types of items: learning items (ladybugs or similar looking 261 

beetles), transfer items (non-ladybug insects, to which generalization is appropriate), and over-262 

extension items (non-insect animals, to which generalization is not appropriate). 263 

Materials 264 

 All of the stimuli, diagrams, and lesson scripts can be found at 265 

https://osf.io/rqnem/?view_only=91450b4611044b3f95453db5ee6dc8f4 . The stimuli and 266 

lessons used in this study are identical to those used with adults in Menendez, Rosengren and 267 

Alibali (2020). At pretest and posttest, we asked children to accept or reject four different types 268 

of change with two different questions. This yielded eight questions per animal. We included 269 

five animals at pretest (butterfly, ladybug, grey ladybug, fish, dog) and 10 animals at posttest 270 

(ladybug, orange ladybug, firefly, stag beetle, ant, butterfly, praying mantis, fish, frog, dog). Of 271 

these animals, only the fish and the dog do not undergo metamorphosis. 272 

In each trial, participants were presented with two images. The base form of the animal 273 

was presented on the left and the target form (i.e., the changed animal) on the right. In size 274 

change trials, the target animal was identical to the base animal, except in its size. For animals 275 

that do not go through metamorphosis, the target animal also changed in proportions to show the 276 

correct type of change (Lorenz, 1971). In color change trials, the target animal changed both in 277 

size and color. In metamorphosis trials, the target animal was the biologically correct form of the 278 

insect. For animals that do not go through metamorphosis, the “metamorphosis” trials showed a 279 

change in species. In species change trials, the target animal was of a different species. We asked 280 



 14 

children about each change with both lifespan questions (“When the one on the left grows up, 281 

could it look like the one on the right?”) and offspring questions (“Could the one on the left have 282 

a baby that looks like the one on the right?”). For the lifespan question, the target form was 283 

always bigger than the base form. For the offspring questions, the target form was always 284 

smaller than the base form. The target was always different in size as prior work suggests that 285 

children do not think that changes in color and form are possible if they are not accompanied by 286 

changes in size (Rosengren et al., 1991). Samples of the base and target form for animals that do 287 

and do not go through metamorphosis for both question types can be seen in Figure 1. A sample 288 

trial can be seen in Figure 2. 289 

 290 

Figure 1. Sample stimuli for both question type (lifespan and offspring) and animal types 291 

(metamorphosis and non-metamorphosis). The animals were always presented in pairs. The base 292 

was always presented on the left and changed image was presented on the right. 293 

 294 

Metamorphosis SpeciesColorSizeQuestion Animal type Base

Metamorphosis

Non-
metamorphosis

Metamorphosis

Non-
metamorphosis

Lifespan

Offspring

Type of Change
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 295 

Figure 2. Sample stimuli for both types of questions. 296 

The lesson focused on the lifecycle of a ladybug and it was delivered by a trained 297 

experimenter. The experimenter first presented the diagram and then gave the scripted, 2-minute 298 

lesson (see supplemental materials for full script). The diagram was either perceptually rich or 299 

perceptually bland, depending on the participant’s condition assignment (see Figure 3). The two 300 

diagrams were identical with the exception that the perceptually rich diagram had more details 301 

including color, shading, and small features. The experimenter pointed at the image depicting 302 

each stage the first time it was mentioned. The stages mentioned were: “egg,” “larva,” “pupa,” 303 

and “adult ladybug.” The lesson noted that “many animals go through metamorphosis” but did 304 

not mention which animals do so. Therefore, we can examine how far children generalize from 305 

the lesson. 306 

Lifespan question O!spring question

“When this one grows 
up could it look like this 

one?”

“Could this one have a 
baby that looks like this 

one?”
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 307 

Figure 3. Bland (left panel) and rich diagram (right panel) used in the lesson. Everything else 308 

about the lesson was the same in both conditions. 309 

 310 

Procedure 311 

 The stimuli were blocked by question, such that participants completed either all lifespan 312 

or all offspring questions first. This order was counterbalanced between participants, and the 313 

assigned order was used for both pretest and posttest. Within each question type, trials were 314 

blocked by animal, and the order of the animals was the same for all participants. The order for 315 

each trial type was randomized for each animal (but was the same for all participants). All 316 

stimuli (including the diagram) were presented on a desktop computer. The experimenter pointed 317 

at each form of the animal when asking the question.  318 

 Children first completed the pretest. Then, children received the lesson on the 319 

metamorphosis of the ladybug. After the lesson, children were asked to recall the label for each 320 

of the stages shown in the diagram while the experimenter pointed at the stage. If the children 321 

provided an incorrect label, the experimenter corrected them by providing the correct label. After 322 

the recall questions, children completed the posttest. 323 

Bland Diagram Rich Diagram
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While the child completed the study, their parent filled out a demographic form where 324 

they could report the child’s age, gender, race/ethnicity, and grade in school. 325 

Data analysis 326 

 All of the analyses presented in this paper were done under a Bayesian framework using 327 

the rstan (Stan Development Team, 2020) and rstanarm packages (Goodrich et al., 2020) in R (R 328 

Core Team, 2020; for an overview of Bayesian data analysis, see Kruschke & Liddell, 2018). In 329 

all of the models, the priors were normal distributions. The mean of all the prior distributions 330 

was based on estimates derived from prior research by French et al. (2018) or Menendez 331 

Rosengren and Alibali (2020). For variables that were not considered in this prior work, we used 332 

a mean of 0. The standard deviation of all the prior distributions was set to make small positive 333 

and negative effects likely. This type of priors has been referred to as “weakly informative.” The 334 

priors for all of the models can be found in Tables 1-4. A sensitivity analysis showing results of 335 

the same models under different priors can be found in the supplemental materials. We ran four 336 

chains with 2,000 iterations each, 1000 warm-up draws and 1000 sampling draws, yielding 4000 337 

total draws from the posterior distribution. For each model, we report the betas (the median of 338 

the posterior distribution), 89% highest density intervals (HDI), and the probability of directions 339 

(PD; the probability that the effect is in the same direction as the beta). We report the 89% HDI, 340 

rather than the more common 95%, because the results of the 89% interval tend to be more stable 341 

(Kruschke, 2015). The 89% HDI includes the most probable (also called credible) values of the 342 

posterior distribution. Therefore, if zero is not included in the in the HDI, it means that zero is an 343 

unlikely value for the effect of the variable. 344 

 We also coded children’s responses to the recall questions that were posed right after the 345 

lesson. Following prior research by Menendez, Rosengren and Alibali (2020), we coded 346 
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participants’ responses to the last state as either general or specific. General labels were 347 

responses that did not mention the category of ladybug, such as “adult,” “beetle,” “insect,” or 348 

“adult stage.” Specific labels were responses that mentioned the category of ladybug, such as 349 

“ladybug,” or “adult ladybug.” All of these labels are correct, but they differ in whether children 350 

are remembering the information as specific to the ladybug or remembering it as more broadly 351 

applying to other animals. The labels used in the lesson were specific (“adult ladybug”) therefore 352 

general labels, if provided, were spontaneously generated by the child. 353 

Results 354 

Pretest performance 355 

We analyzed the proportion of trials on which children endorsed each of the four types of 356 

change (size, color, metamorphosis, species), for different animal types (metamorphosis, non-357 

metamorphosis) and different question types (lifespan, offspring). We used dummy codes to 358 

examine the effect of type of change, and we set change in size as the reference category. We 359 

also included the interaction of these three factors and all lower-level interactions, and we 360 

controlled for the effect of grade (first or second). We included by-subject random intercepts and 361 

by-subject random slopes for type of change, animal type, and question type (and the respective 362 

interactions). Due to convergence issues, we did not allow the random effects to correlate. The 363 

means reported are unadjusted mean proportions of endorsements. 364 

 As hypothesized, children endorsed change in size (M = 0.68, SD = 0.32) more than 365 

change in color (M = 0.35, SD = 0.34), b = -0.33 [-0.38, -0.28], color more than metamorphosis 366 

(M = 0.29, SD = 0.32), b = -0.06 [-0.09, -0.02], and metamorphosis more than species change (M 367 

= 0.06, SD = 0.16), b = -0.24 [-0.26, -0.21]. However, the pattern differed for metamorphosis and 368 

non-metamorphosis animals, as shown by interactions between animal type and the size change 369 
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and metamorphosis contrast, b = -0.45 [-0.53, -0.37], animal type and the color change and 370 

metamorphosis contrast, b = -0.45 [-0.51, -0.40], and animal type and the species change and 371 

metamorphosis contrast, b = -0.34 [-0.39, -0.29]. In order to explore these interactions, we 372 

recentered our model at each type of change, and looked at the simple effect of animal type. 373 

Children endorsed metamorphosis, b = 0.39 [0.35, 0.43], and species change more, b = 0.05 374 

[0.02, 0.07], and change in size, b = -0.06 [-0.10, -0.02], and color less, b = -0.06 [-0.10, -0.02] 375 

for animals that go through metamorphosis than for animals than do not go through 376 

metamorphosis. Additionally, children were more likely to endorse species change for lifespan 377 

questions for animals that undergo metamorphosis, b = 0.18 [0.12, 0.23]. See Figure 4. There 378 

was no evidence for an effect of grade, b = -0.02 [-0.06, 0.02]. 379 
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 380 

Figure 4. Probability of endorsing each type of change, broken down by question type. The left 381 

panels show endorsements for animals that do not go through metamorphosis and the right 382 

panels show endorsements for animals that go through metamorphosis. The top panels show the 383 

results for Study 1 and the bottom panels show the results for Study 2. The error bars represent 384 

within-subject standard errors. 385 
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Lesson 387 

We predicted the number of stages children correctly labelled right after the lesson from 388 

diagram condition (rich versus bland), pretest score, grade, the diagram condition by pretest 389 

interaction, and the diagram condition by grade interaction. Children in the rich condition (M = 390 

3.35, SD = 0.79) and the bland condition (M = 3.26, SD = 0.86) correctly labelled similar 391 

numbers of stages. See Figure 5. We found evidence for an effect of grade, such that second 392 

graders (M = 3.68, SD = 0.53) correctly labelled more stages than first graders (M = 2.95, SD = 393 

0.90). We did not find evidence for any other effects or interactions. The model summary can be 394 

seen in Table 1. 395 

We also examined whether the label that children provided for the final stage was 396 

specific (e.g., “ladybug”) or general (e.g., “insect” or “adult”). We predicted the probability of 397 

children providing a general label from diagram condition, pretest score, their interaction, grade, 398 

and the grade by diagram interaction. We found evidence that children in second grade (M = 399 

0.54, SD = 0.51) were more likely to provide a general label than were children in first grade (M 400 

= 0.11, SD = 0.31), OR = 10.83, b = 2.38 [1.29, 3.37]. We found no evidence for an effect of 401 

diagram condition, OR = 0.55, b = -0.60 [-1.65, 0.43], or pretest, OR = 0.99, b = -0.01 [-0.27, 402 

0.23], nor an interaction between pretest and diagram condition, OR = 0.76, b = -0.27 [-0.77, 403 

0.20], or between diagram condition and grade, OR = 0.54, b = -0.63 [-2.53, 1.23].  404 

 405 

 406 
 407 
 408 
 409 
 410 
 411 
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Table 1. Model summary for Study 1 and 2 for the number of labels correctly recalled. The table 412 

reports the priors, mean of the posterior distribution for each parameter (b), the 89% highest 413 

density interval (HDI), and the probability of direction (PD). 414 

 415 
 Study 1 Study 2 
Variable Priors b 89% HDI PD Priors b 89% HDI PD 
Diagram 
condition 

N(0.17, 
2.5) 0.14 -0.13, 0.43 78.97% 

N(0.14, 
2.5) -0.25 -0.50, -0.01 94.90% 

Pretest 
score 

N(0.11, 
2.5) 0.03 -0.04, 0.11 77.53% 

N(0.03, 
2.5) -0.03 -0.10, 0.04 74.08% 

Grade 
N(0, 
2.5) 0.71 0.42, 0.98 100.00% 

N(0.71, 
2.5) 0.24 -0.03, 0.48 93.30% 

Diagram x 
Pretest 

N(0, 
2.5) -0.1 -0.24, 0.04 87.28% 

N(-0.1, 
2.5) -0.12 -0.28, 0.01 91.90% 

Diagram x 
Grade 

N(0, 
2.5) 

-
0.08 -0.61, 0.53 58.38% 

N(-0.08, 
2.5) 0.27 -0.24, 0.77 79.40% 

 416 

 417 

Figure 5. Average number of labels correctly recalled by children who received the lesson with 418 

the bland (left-most bars) or rich (right-most bars) life cycle diagram. The left panel shows the 419 

Study 1- First and Second graders Study 2- Fourth and Fifth graders
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results for Study 1 and the right panel shows the results for Study 2. The error bars show 420 

between-subject standard errors. 421 

 422 

Learning 423 

To examine if children were more likely to endorse metamorphosis after the lesson, we 424 

compared children’s responses to the ladybug items at pretest and posttest. We fit a generalized 425 

linear mixed-effects model with a binomial link function predicting children’s endorsement of 426 

metamorphosis for the ladybug items from test time (pretest versus posttest), diagram condition 427 

(rich versus bland), their interaction, number of correct labels provided after the lesson, grade, 428 

and question type (offspring versus lifespan). We also included by-subject random intercepts and 429 

by-subject random slopes for test time and question type. The model did not converge when we 430 

allowed the random effects to correlate, so we removed the correlations of the random effects. 431 

As predicted, children were more likely to endorse metamorphosis at posttest (M = 0.66, 432 

SD = 0.47) than at pretest (M = 0.29, SD = 0.45). There was no effect of diagram condition, but 433 

there was a test time by diagram condition interaction. As can be seen in Figure 6, at posttest 434 

children who received the lesson with the rich diagram were more likely to endorse 435 

metamorphosis (M = 0.74, SD = 0.44) than children who received the lesson with the bland 436 

diagram (M = 0.58, SD = 0.50). Children were also more likely to endorse metamorphosis for the 437 

lifespan questions (M = 0.52, SD = 0.50) than the offspring questions (M = 0.43, SD = 0.50). 438 

Additionally, second graders (M = 0.56, SD = 0.50) were more likely to endorse metamorphosis 439 

than first graders (M = 0.39, SD = 0.49). We found no evidence for an effect of the number of 440 

labels correctly recalled. Model summaries can be seen in Table 2. 441 

 442 
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Table 2. Model summary for Study 1 and 2 for the endorsement of metamorphosis for ladybug 443 

items. The table reports the priors, mean of the posterior distribution for each parameter (b), the 444 

89% highest density interval (HDI), and the probability of direction (PD). 445 

 446 
 Study 1 Study 2 

Variable Priors b OR 
89% 
HDI PD Priors b OR 

89% 
HDI PD 

Test time 
N(25.46, 
2.5) 3.74 42.25 

2.90, 
4.60 100.00% 

N(3.74, 
2.5) 3.94 51.37 

2.99, 
4.73 100.00% 

Diagram 
condition 

N(0.6, 
2.5) 0.56 1.75 

-0.47, 
1.59 81.62% 

N(0.56, 
2.5) -0.72 0.49 

-1.62, 
0.19 90.33% 

Question 
type 

N(4.68, 
2.5) 0.95 2.58 

0.50, 
1.38 99.98% 

N(0.95, 
2.5) 0.32 1.38 

-0.15, 
0.81 86.15% 

# of labels 
N(0.24, 
2.5) 0.51 1.66 

-0.19, 
1.25 87.52% 

N(0.51, 
2.5) 0.45 1.57 

-0.36, 
1.21 82.45% 

Grade 
N(0, 
2.5) 1.36 3.88 

0.18, 
2.46 97.20% 

N(1.36, 
2.5) -0.25 0.78 

-1.18, 
0.63 66.83% 

Test time 
x diagram 
type 

N(0.99, 
2.5) 1.67 5.29 

0.39, 
2.89 98.38% 

N(1.67, 
2.5) 0.11 1.12 

-1.22, 
1.57 54.83% 

 447 

 448 
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Figure 6. Probability of endorsing metamorphosis at pretest (left-most bars) and posttest (right-449 

most bars), for children who received the lesson with the bland (grey bars) or rich (red bars) life 450 

cycle diagram. The left panel shows the results for Study 1 and the right panel shows the results 451 

for Study 2. The error bars show the within-subject standard errors. 452 

 453 

Transfer 454 

 To examine children’s generalization, we fit a generalized linear mixed-effects model 455 

predicting children’s endorsement of metamorphosis for non-ladybug insects. We included 456 

diagram condition, question type, pretest, grade, and the interaction between pretest and diagram 457 

condition. Given that how much children learn is an important predictor of how much they 458 

generalize, we also included how many times they endorsed metamorphosis for the ladybug 459 

(learning items, Range = 0-4). Additionally, prior research suggests that children’s use of general 460 

language predicts their generalization, so we included whether children provided a general label 461 

for the adult stage. Finally, Yzerbyt, Muller, and Judd (2004) suggest that when testing the 462 

interaction between a manipulated variable (e.g., richness of the diagram) and a measured 463 

variable (e.g., pretest scores) when controlling for a covariate (e.g., amount of learning), the 464 

estimate for the interaction is unbiased only when the model includes the covariate by 465 

manipulated variable interaction. Following this recommendation, we included interactions 466 

between diagram condition and learning scores, grade, and general labels. We also included by-467 

subject random intercepts, by-subject random slopes for the effect of question type, and their 468 

correlation. 469 

 Contrary to our prediction, we did not find evidence that diagram condition was related to 470 

transfer. It is worth noting that the bulk (80%) of the posterior distribution is above 0. This is in 471 
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the opposite direction as our priors, and contrary to previous findings with adults (Menendez et 472 

al., 2020) and to our hypothesis. Values above 0 would suggest that the tendency was for 473 

children who saw the rich diagram (M = 0.62, SD = 0.49) to transfer more than children who saw 474 

the bland diagram (M = 0.56, SD = 0.50). See Figure 7. We did find evidence that as children’s 475 

pretest score increased, they were more likely to transfer. We also found evidence that children 476 

in second grade (M = 0.67, SD = 0.47) were more likely to transfer than children in first grade 477 

(M = 0.52, SD = 0.50). Additionally, children who endorsed metamorphosis more for the 478 

learning items were more likely to endorse metamorphosis for the transfer items. There were no 479 

other main effects or interactions. See model summaries in Table 3. 480 

 481 

Table 3. Model summary for Study 1 and 2 for the endorsement of metamorphosis for non-482 

ladybug insect items (transfer items). The table reports the priors, mean of the posterior 483 

distribution for each parameter (b), the 89% highest density interval (HDI), and the probability of 484 

direction (PD). 485 

 Study 1 Study 2 

Variable Priors b OR 
89% 
HDI PD Priors b OR 

89% 
HDI PD 

Diagram 
condition 

N(-0.5, 
2.5) 0.29 1.39 

-0.31, 
0.81 80.17% 

N(0.29, 
2.5) -0.4 0.67 

-0.87, 
0.10 90.97% 

Pretest 
score 

N(0.15, 
2.5) 0.33 1.4 

0.19, 
0.48 100.00% 

N(0.33, 
2.5) -0.04 0.96 

-0.18, 
0.11 66.97% 

Question 
type 

N(-0.14, 
2.5) 0.22 1.24 

-0.35, 
0.79 72.97% 

N(0.22, 
2.5) -0.48 0.62 

-1.02, 
0.00 93.85% 

Grade 
N(0, 
2.5) 0.33 1.39 

0.03, 
0.63 95.80% 

N(0.33, 
2.5) 0.36 1.43 

-0.05, 
0.71 93.58% 

Learning 
score 

N(0.57, 
2.5) 0.33 1.4 

0.13, 
0.53 99.67% 

N(0.33, 
2.5) 0.34 1.4 

0.01, 
0.67 94.83% 

Use of 
general 
label 

N(0.43, 
2.5) 0.44 1.56 

-0.14, 
1.09 87.72% 

N(0.44, 
2.5) 0.21 1.23 

-0.30, 
0.78 72.75% 

Diagram x 
Pretest 

N(0.26, 
2.5) -0.13 0.88 

-0.42, 
0.15 76.88% 

N(-0.13, 
2.5) 0.28 1.32 

-0.02, 
0.57 93.47% 
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Diagram x 
Grade 

N(0, 
2.5) 0.4 1.49 

-0.81, 
1.46 71.05% 

N(0.40, 
2.5) 1.4 4.06 

0.41, 
2.38 98.92% 

Diagram x 
Learning 

N(0.23, 
2.5) 0.28 1.32 

-0.13, 
0.71 86.33% 

N(0.28, 
2.5) -0.33 0.72 

-0.99, 
0.36 78.42% 

Diagram x 
General 
label 

N(0.28, 
2.5) 0.39 1.48 

-0.69, 
1.65 70.65% 

N(0.39, 
2.5) -0.7 0.49 

-1.73, 
0.45 84.90% 

 486 

 487 
Figure 7. Probability of endorsing metamorphosis for non-ladybug insects (transfer items) 488 

broken down by pretest score (on the x-axis). The grey line shows participants who received the 489 

lesson with the bland diagram and the red line shows participants who received the lesson with 490 

the rich diagram. The left panel shows the results for Study 1, and the right panel shows the 491 

results for Study 2. The error bands show the within-subject standard errors. 492 

 493 

Overextension  494 

 We also wished to examine whether children overextended from the lesson and endorsed 495 

metamorphosis for animals that do not undergo this change, such as dogs and fish. For these 496 
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animals, the metamorphosis and species change trials are both non-biological species changes, so 497 

we combined them when looking at overextension. As expected, children rarely endorsed drastic 498 

life cycle changes for the dog (M = 0.04 out of 4, SD = 0.20), but some children did endorse 499 

these changes for the fish (M = 0.68 out of 4, SD = 0.85). Therefore, we focused on the fish items 500 

for the overextension analysis. We fit a generalized linear mixed-effects mode model with a 501 

binomial link function predicting the probability that children endorsed metamorphosis for the 502 

fish. We included test time (pretest versus posttest), diagram condition, their interaction, question 503 

type, and grade as predictors. We also included by-subject intercepts and by-subject random 504 

slopes for the effect of test time and question type, and allowed them to correlate. Model 505 

summaries are presented in Table 4. 506 

 We did not find evidence for an effect of time, diagram condition, or an interaction. 507 

There was also no effect of age. See Figure 8. However, we did find that children were more 508 

likely to overextend for the lifespan questions (M = 0.22, SD = 0.41) than the offspring questions 509 

(M = 0.09, SD = 0.28).  510 

 511 

 512 

 513 

 514 

 515 

 516 

 517 
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Table 4. Model summary for Study 1 and 2 for the endorsement of metamorphosis for fish items. 518 

The table reports the priors, mean of the posterior distribution for each parameter (b), the 89% 519 

highest density interval (HDI), and the probability of direction (PD). 520 

 521 

 Study 1 Study 2 

Variable Priors b OR 
89% 
HDI PD Priors b OR 

89% 
HDI PD 

Test time 
N(-0.08, 
2.5) 0.38 1.46 

-0.03, 
0.78 92.95% 

N(0.38, 
2.5) 0.27 1.31 

-0.18, 
0.74 82.73% 

Diagram 
condition 

N(-0.05, 
2.5) 0.41 1.50 

-0.16, 
0.96 87.98% 

N(0.41, 
2.5) -0.01 0.99 

-0.54, 
0.57 50.45% 

Question 
type 

N(0.6, 
2.5) 1.23 3.44 

0.82, 
1.67 100.00% 

N(1.23, 
2.5) 0.49 1.63 

0.05, 
0.92 96.40% 

Grade 
N(0, 
2.5) 0.12 1.13 

-0.46, 
0.65 62.98% 

N(0.12, 
2.5) 0.11 1.12 

-0.43, 
0.68 63.15% 

Test time 
x Diagram 

N(-0.31, 
2.5) -0.32 0.72 

-1.10, 
0.46 73.02% 

N(-0.32, 
2.5) -1.35 0.26 

-2.25, 
-0.44 99.20% 

 522 

 523 

Figure 8. Probability of endorsing drastic life cycle changes for the fish items at pretest (left-524 

most bars) and posttest (right-most bars) for children who received the lesson with bland (grey 525 
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bars) or rich (red bars) life cycle diagram. The left panel shows the results for Study 1, and the 526 

right panel shows the results for Study 2. The error bars show the within-subject standard errors. 527 

 528 

Discussion 529 

 We examined whether the perceptual richness of diagrams influenced children’s learning 530 

and generalization about metamorphosis. Overall, we found that children learned better if they 531 

received the lesson with the rich diagram than if they received the lesson with the bland diagram. 532 

We did not find a reliable effect of diagram type on generalization, but the bulk of the posterior 533 

distribution suggests that children were more likely to generalize from lessons that included the 534 

rich diagram, which is contrary to the effects found in previous work with adults (Menendez et 535 

al., 2020). This suggests that the effects of perceptual richness on children’s learning and 536 

generalization are different from those for adults. 537 

 Given this surprising result, we decided to examine whether older children would show 538 

effects more similar to those found in adults. To examine how the effects of perceptual 539 

information on learning and generalization change over development, in Study 2 we tested fourth 540 

and fifth grade children. We used the same lessons and testing materials as in Study 1 and in 541 

previous research with adults (Menendez et al., 2020). We tested fourth and fifth graders because 542 

according to the Next Generation Science Standards, students should learn about metamorphosis 543 

in third grade. Therefore, the students should all have had relatively recent exposure to the 544 

concept of metamorphosis. Additionally, in these later school years, educational materials start to 545 

include more bland representations (Menendez, Johnson, et al., 2020). Therefore, we expected 546 

that fourth and fifth grade students might benefit from the bland diagram. All other predictions 547 

were the same as in Study 1. 548 
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Study 2 549 

Method 550 

Participants 551 

We recruited 53 fourth (n = 30) and fifth grade (n = 23) children from the same database 552 

used in Study 1 (27 boys, 26 girls). In the United States, children in fourth grade are typically 9- 553 

to 10-years-old, and children in fifth grade are typically 10- to 11-years-old. We initially 554 

intended to collect the same number of participants as in Study 1, but we had to stop data 555 

collection due to the COVID-19 pandemic. The racial/ethnic make-up of the sample, as reported 556 

by the parents was 41 (77.4%) White, 4 (7.5%) Asian or Asian American, 3 (5.7%) Black or 557 

African American, 4 (7.5%) bi- or multi-racial, and 1 who reported another race/ethnic category. 558 

Families received $15 for participating in the study. 559 

Materials and Procedure 560 

 The design, materials, and procedures were identical to Study 1. At the end of the study, 561 

we added two questions that asked children about their beliefs about the origin of species 562 

(adapted from Evans, 2001). These questions were added to pilot test them for a future study. 563 

These questions were “How do you think the first spider got here to Earth?” and “How do you 564 

think the first butterfly got here to Earth?” Given that beliefs about common ancestry are not 565 

central to the research questions addressed in this paper, we do not discuss these questions here. 566 

All data, materials and analyses scripts can be found in 567 

https://osf.io/rqnem/?view_only=91450b4611044b3f95453db5ee6dc8f4. 568 

Data analysis 569 

 We used the same data analytic approach as for Study 1. We used the mean of the 570 

posterior distributions of Study 1 as our priors for Study 2. The priors for all the models can be 571 
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found in Tables 1-4. A sensitivity analysis showing results of the same models under different 572 

priors can be found the supplemental materials. We ran four chains with 2,000 iterations 573 

each,1000 warm-up draws and 1000 sampling draws, yielding 4000 total draws from the 574 

posterior distribution. We also coded children’s responses to the recall question about the final 575 

(adult) stage as either general or specific, in the same way as we did in Study 1. 576 

Results 577 

 We followed the same data analysis plan as in Study 1. We first present the results for 578 

children’s endorsement of life cycle change before the lesson. These analyses are a partial 579 

replication of the findings of French et al. (2018), and they show that even these children who 580 

have received formal lessons on metamorphosis in school do not always endorse metamorphosis 581 

for animals that undergo this change. Then we present the results on how perceptual richness 582 

influences children’s recall from the lesson, learning, transfer and overextension. 583 

Pretest performance 584 

 We analyzed the proportion of trials children endorsed for each type of change (size, 585 

color, metamorphosis, species), animal type (metamorphosis, non-metamorphosis), and question 586 

type (lifespan, offspring). We used dummy codes to examine the effect of type of change, and 587 

we set change in size as the reference category. We also included the interaction of these three 588 

factors and all lower-level interactions, and we controlled for the effect of grade (fourth, fifth). 589 

We included by-subject random intercepts and by-subject random slopes for type of change, 590 

animal type, and question type, and the respective interactions. Due to convergence issues, we 591 

did not allow the random effects to correlate. The means reported are unadjusted mean 592 

proportion of endorsements. 593 
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 As in Study 1, children endorsed change in size (M = 0.66, SD = 0.32) more than change 594 

in color (M = 0.36, SD = 0.36), b = -0.31 [-0.36, -0.25] and metamorphosis (M = 0.34, SD = 595 

0.33), b = -0.33 [-0.37, -0.28]. However, in this study, there was no difference in endorsement of 596 

change in color and metamorphosis, b = 0.02 [-0.04, 0.08]. Children also endorsed 597 

metamorphosis more than species change (M = 0.10, SD = 0.22), b = -0.24 [-0.27, -0.21]. As 598 

before, the pattern was different for metamorphosis and non-metamorphosis animals, as shown 599 

by interactions between animal type and the size change and metamorphosis contrast, b = -0.63 600 

[-0.72, -0.55], animal type and the color change and metamorphosis contrast, b = -0.53 [-0.60, -601 

0.45], and animal type and the species change and metamorphosis contrast, b = -0.33 [-0.40, -602 

0.27]. In order to explore these interactions, we recentered our model for each type of change, 603 

and looked at the simple effect of animal type. Children endorsed metamorphosis, b = 0.42 [0.38, 604 

0.47] and species change more, b = 0.09 [0.05, 0.13], and change in size, b = -0.21 [-0.26, -0.16], 605 

and color less, b = -0.11 [-0.16, -0.06] for animals that go through metamorphosis than for 606 

animals than do not go through metamorphosis. Additionally, as in Study 1, children were more 607 

likely to endorse species change for the lifespan questions for animals that undergo 608 

metamorphosis, b = 0.27 [0.19, 0.35]. See Figure 4. There was no evidence for an effect of 609 

grade, b = 0.01 [-0.04, 0.05]. 610 

Lesson 611 

 We examined whether diagram condition influenced how many stages children correctly 612 

labelled after the lesson. We included diagram condition, pretest score, grade, the diagram 613 

condition by pretest interaction and the diagram condition by grade interaction. Unlike Study 1, 614 

we found evidence that children who received the lesson with the bland diagram (M = 3.80, SD = 615 

0.41) correctly labelled more stages than children who received the lesson with the rich diagram 616 
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(M = 3.52, SD = 0.64). There was also some evidence for a grade effect, such that fifth graders 617 

(M = 3.78, SD = 0.42) correctly labelled more stages than fourth graders (M = 3.55, SD = 0.63), 618 

as 93% of the posterior distribution was above 0. We did not find evidence for any other effects 619 

or interactions. See Figure 5 and model summaries in Table 1. 620 

 We also sought to predict whether children used general labels (e.g., “insect” or “adult”) 621 

versus specific labels (e.g., “ladybug”) to describe the final stage. We fit a logistic regression 622 

with diagram condition, pretest score, grade, the diagram condition by pretest interaction, and the 623 

diagram condition by grade interaction as predictors. We did not find an effect of diagram 624 

condition, OR = 1.20, b = 0.18 [-0.85, 1.29], an effect of grade, OR = 1.53, b = 0.42 [-0.52, 1.52], 625 

or an interaction between diagram condition and grade, OR = 5.53, b = 1.71 [-0.21, 3.53]. This 626 

interaction was not hypothesized, however, the bulk of the distribution (about 93%) was above 0, 627 

suggesting that fourth graders who saw the bland diagram (M = 0.54, SD = 0.52) were more 628 

likely to provide a general label than those who saw the rich diagram (M = 0.25, SD = 0.45), 629 

while the opposite was true for fifth graders (Mbland = 0.25, SDbland = 0.45) (Mrich = 0.55, SDrich = 630 

0.52). We also found that as pretest scores increased, children were more likely to provide a 631 

general label, OR = 1.67, b = 0.51 [0.17, 0.87]. There was no interaction between diagram 632 

condition and pretest score, OR = 0.82, b = -0.20 [-0.95, 0.46]. 633 

Learning 634 

 We also examined whether children were more likely to endorse metamorphosis for the 635 

ladybug items after the lesson. To do so, we fitted a generalized linear mixed-effects model with 636 

a binomial link function predicting children’s endorsement of metamorphosis for the ladybug 637 

items. We included test time (pretest versus posttest), diagram condition, question type, number 638 

of stages correctly labelled, grade, and the test time by diagram condition interaction. We also 639 
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included by-subject random intercepts and by-subject random slopes for the effects of test time 640 

and question type. Due to convergence issues, we did not allow the random effects to correlate. 641 

 As in Study 1, we saw that children were more likely to endorse metamorphosis for 642 

ladybugs at posttest (M = 0.87, SD = 0.33) than at pretest (M = 0.34, SD = 0.47). There was no 643 

evidence for an effect of diagram condition nor an interaction between test time and diagram 644 

condition, unlike in Study 1. See Figure 6. We did not find evidence for any other effects. Model 645 

summaries can be found in Table 2. 646 

Transfer 647 

 We next examined children’s endorsement of metamorphosis for the non-ladybug insect 648 

items. We fit a generalized linear mixed-effects model with a binomial link function. We 649 

included diagram condition, pretest score, question type, grade, learning score, and whether 650 

children used general labels during the recall task as predictors. We also included interactions 651 

between diagram condition and pretest score, diagram condition and grade, diagram condition 652 

and learning score, and diagram condition and general labels. We included by-subject random 653 

intercepts and by-subject random slopes for the effect of question type. Model summaries are 654 

presented in Table 3. 655 

 We did not find a main effect of diagram condition. However, unlike in Study 1, in which 656 

the bulk of the posterior distribution were values above 0, 90% of the posterior distribution were 657 

values below 0, suggesting that children generalized more with the bland diagram (M = 0.80, SD 658 

= 0.40) than with the rich diagram (M = 0.76, SD = 0.43). There was no effect of pretest, but 659 

there was some indication of an interaction between diagram condition and pretest (93% of the 660 

posterior distribution above 0). This interaction suggests that children with low pretest scores 661 

were more likely to transfer if they saw the bland rather than rich diagram, while diagram 662 
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condition did not matter for children with high pretest scores. This result is in line with our 663 

prediction and is similar to the results found with adults. See Figure 7. There was also some 664 

evidence for an effect of grade, such that fourth graders were more likely to generalize than fifth 665 

graders, with 93% of the posterior distribution below 0. We also found a grade by diagram 666 

condition interaction that was not hypothesized. We found that fourth graders transferred more 667 

with the bland diagram than the rich diagram, but fifth graders transferred equally well with both 668 

diagrams. We found similar evidence that children were more likely to endorse metamorphosis 669 

for lifespan questions (M = 0.80, SD = 0.40) than offspring questions (M = 0.75, SD = 0.43, 93% 670 

of the posterior distribution above 0). We also found that children who endorsed metamorphosis 671 

more on the learning items (i.e., the ladybug items) were also more likely to endorse 672 

metamorphosis for the transfer items. We did not find evidence for any other effects or 673 

interactions. 674 

Overextension  675 

 As in Study 1, we also examined whether children overextended the concept of 676 

metamorphosis to animals, such as dogs and fish, that do not undergo this change. As in Study 1, 677 

more children endorsed the metamorphosis and species change trials for the fish (M = 0.87, SD = 678 

1.06, out of 4), than the dog (M = 0.00, SD = 0.00). We fit a generalized linear mixed-effects 679 

model predicting the probability that children endorsed species change for the fish from test time 680 

(pretest versus posttest), diagram condition, question type, grade, use of general labels, the test 681 

time by diagram condition interaction, the grade by diagram condition interaction, and the 682 

general label by diagram condition interaction. We also included by-subject random intercepts 683 

and by-subject random slopes for the effect of test time and question type. Due to convergence 684 

issues, the random effects were not allowed to correlate. 685 
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 We did not find an effect of test time or diagram condition, but we did find an interaction 686 

between the two. As can be seen in Figure 8, children who received the lesson with the bland 687 

diagram endorsed species changes for the fish item more at posttest (M = 0.27, SD = 0.45 out of 688 

4) than at pretest (M = 0.13, SD = 0.34), and those who saw the lesson with the rich diagram 689 

endorsed these changes less at posttest (M = 0.17, SD = 0.37) than pretest (M = 0.22, SD = 0.42). 690 

This suggests that children who saw the bland diagram might overextend the concept of 691 

metamorphosis to species that do not undergo this change. Additionally, as in Study 1, children 692 

were more likely to endorse these changes for the lifespan questions (M = 0.23, SD = 0.42) than 693 

for the offspring questions (M = 0.17, SD = 0.37). We found no evidence for any other effects or 694 

interactions. See model summaries in Table 4. 695 

Discussion 696 

 Study 2 shows that children in fourth and fifth grade benefitted from lessons with the 697 

bland diagram. Children in this study were more likely to recall the labels presented in the lesson 698 

if the lesson included the bland diagram. Additionally, there is some evidence that children 699 

transferred the information from the lesson better with the bland diagram. The bulk of the 700 

posterior distribution for the effect of diagram on transfer suggests that children transferred more 701 

with the bland diagram and that this effect might be more pronounced for children with low prior 702 

knowledge. The bland diagram might also have led to some inappropriate generalization, with 703 

children endorsing drastic changes for the fish, which does not undergo such changes. 704 

General discussion 705 

 The studies presented in this paper highlight the importance of perceptual information for 706 

learning and generalization, and they also suggest important developmental changes in these 707 

effects. We found that children in first and second grade learned better from the lesson with the 708 
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perceptually rich diagram. There was also some indication that these children generalized more 709 

from the lesson with the rich diagram. Conversely, children in fourth and fifth grade generalized 710 

(both correctly and incorrectly) more from the lesson with the bland diagram. The results for 711 

children in fourth and fifth grade are more similar to prior findings with adults with the identical 712 

lesson (Menendez et al., 2020). Thus, our studies suggest that the influence of perceptual 713 

richness on learning and generalization changes over the elementary school years. 714 

 The finding that bland representations did not lead to greater generalization for younger 715 

children is surprising. Studies in mathematics with similarly aged children show a consistent 716 

advantage of bland representations on transfer (Kaminski et al., 2008; Kaminski & Sloutsky, 717 

2013). One possibility is that the rich diagram we used was not detrimental because the features 718 

were relevant (Rey, 2012; Siler & Willows, 2014), as all the details included in the rich diagram 719 

helped to identify the specific animal presented in the lesson. Additionally, it could be that the 720 

rich diagram was beneficial because the stimuli used at pretest were also rich, and therefore the 721 

richness could have served as a retrieval cue (Skulmowski & Rey, 2020a). However, none of 722 

these possibilities can explain why children in late elementary school generalized more with the 723 

bland diagram. 724 

It is important to consider why children of different ages benefitted from different 725 

diagrams. As seen in Figure 6, performance with the rich diagram was very similar for the two 726 

groups of children. It was in performance with the bland diagram where we observed age-related 727 

changes. Thus, children in late elementary school learn better from bland representations than 728 

children in early elementary school—but both groups derive similar benefits from rich 729 

representations.  730 
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One possible explanation is that the number of bland representations used in educational 731 

materials increases over the elementary school years (Wiley et al., 2017; Menendez, Johnson, et 732 

al., 2020). As children receive more exposure to bland representations, they might develop skills 733 

for interpreting these representations. Theories of how people interpret visual representations 734 

argue that people have schemas that contain information about how the visualizations should 735 

look and what their elements represent (Padilla et al., 2018; Pinker, 1990). It is possible that due 736 

to the low frequency of bland representations in early elementary school, the young children did 737 

not have an appropriate schema for interpreting the bland diagram. The children in late 738 

elementary school might have had more experience with bland representations and might 739 

therefore have had a more appropriate schema to use. This could explain why performance with 740 

the rich representations does not change, but performance with the bland representation 741 

improves. Additionally, children’s exposure to representations in general might also explain why 742 

prior research on mathematics learning has shown an advantage for bland representations, as 743 

bland representations might be more common in mathematics. Therefore, children might have 744 

appropriate schemas to interpret bland representations in mathematics but not in biology.  745 

The idea that children have to learn how to interpret bland representations could also 746 

explain some of the benefits of instructional practices such as concreteness fading, in which 747 

children first see concrete representations and then are slowly introduced to blander or more 748 

abstract representations. The process of slowly fading representations might help children map 749 

between representations and understand which elements are important (Fyfe et al., 2014). 750 

Therefore, this fading procedure might be helping children create schemas of bland 751 

representations by using their schemas of rich representations as a scaffold, giving meaning and 752 

context to the bland representations. Children might make similar mappings as they are exposed 753 
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to different types of visualizations at school. Future research should examine how manipulating 754 

the types of representations in children’s environments influences how they learn with visual 755 

representations. 756 

Our study also contributes to understanding of the development of biological reasoning. 757 

Prior work suggested that people rarely generalize the concept of metamorphosis to new or 758 

unfamiliar organisms (Herrmann et al., 2013). We found evidence supporting this infrequent 759 

generalization in our pretest data. At pretest, children rarely endorsed metamorphosis for 760 

ladybugs, an animal that was likely to be familiar to all of the children in our sample. This was 761 

the case even for fourth and fifth graders, who have likely had formal instruction on 762 

metamorphosis. However, we also found that children were open to generalizing this concept to 763 

other insects after a lesson. Furthermore, our lesson did not mention the appropriate scope of 764 

generalization, and many fourth and fifth grade children overextended this concept to animals 765 

that do not undergo this change, particularly when they had seen the bland diagram. 766 

Additionally, we saw that the extent to which children endorsed metamorphosis for ladybugs 767 

predicted whether they endorsed metamorphosis for other animals. This suggests that children 768 

used taxonomic categories to guide their generalization (i.e., if ladybugs go through 769 

metamorphosis, then other insects might also do so). Future studies should examine whether 770 

children generalize their knowledge to animals that are perceptually similar to insects, but do not 771 

belong to that category, such as spiders or centipedes. Additionally, future studies could also 772 

examine whether the semantic similarity of animals predicts how likely children are to generalize 773 

to those animals (Vales et al., 2020; Vales & Fisher, 2019). 774 

It is important to acknowledge some limitations in our studies. First, children in our study 775 

likely had different experiences with formal lessons on metamorphosis. Although the Next 776 



 41 

Generation Science Standards suggest that children should learn about metamorphosis by third 777 

grade, we do not know when this topic was covered in each child’s curriculum. Therefore, some 778 

of the first and second grade students might have already had formal lessons, while some of the 779 

fourth and fifth grade students might have not had knowledge of metamorphosis before the 780 

lesson. We hoped to mitigate these differences in prior knowledge by controlling for pretest 781 

performance. Second, children completed the study on a one-on-one session in a research 782 

laboratory; therefore, children might have been highly motivated to pay attention to the lesson. 783 

Motivation might be lower in classroom settings. This could influence which type of 784 

visualization is more beneficial, as prior work in a laboratory setting suggests that rich 785 

visualizations lead to increased motivation, which in turn leads to better learning (Durik & 786 

Harackiewicz, 2007; Mayer et al., 2008; Sung & Mayer, 2012). Therefore, the influence of 787 

perceptual richness in a classroom setting might be different.  788 

In spite of these limitations, our studies show that the perceptual richness of visual 789 

representations influences learning and transfer in different ways over development. By 790 

examining how children learn about a counterintuitive topic, metamorphosis, we were able to 791 

teach and assess children of different ages using the exact same materials—materials that have 792 

previously been used even with adults. This allowed us to see that children in early elementary 793 

school learn more with rich visual representations than with bland ones. The usefulness of bland 794 

visual representations increases over elementary school, such that fourth and fifth grade students 795 

generalize more from bland representations, which aligns with prior research with adults. This 796 

developmental trajectory mirrors the prevalence of bland representations in biology educational 797 

materials in elementary school, suggesting that children might benefit most from the types of 798 

visualizations they typically see in their environment. In sum, the effectiveness of visualizations 799 
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in educational settings might depend, not only on the characteristics of the visualization, but also 800 

on changes over development. Thus, characteristics of the visualization interact with 801 

characteristics of the child to influence learning and transfer.  802 

  803 
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