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Abstract 39 

People often have difficulty understanding processes of biological change, and they typically 40 

reject drastic life cycle changes such as metamorphosis, except for animals with which they are 41 

familiar. Even after a lesson about metamorphosis, people often do not generalize to animals not 42 

seen during the lesson. This might be partially due to the perceptual richness of the diagrams 43 

typically used during lessons on metamorphosis, which serves to emphasize the individual 44 

animal rather than a class of animals. In two studies, we examined whether the perceptual 45 

richness of a diagram influences adults’ learning and transfer of knowledge about 46 

metamorphosis. One study was conducted in a laboratory setting and the other online. In both 47 

studies, adults who saw the bland diagram during the lesson accurately transferred more than 48 

adults who saw the rich diagram during the lesson.  49 

 50 

Keywords: Biological reasoning; Diagrams; Perceptual Richness; Transfer; Prior Knowledge 51 
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Do details bug you? Effects of perceptual richness in learning about biological change 53 

Animals, even ones of the same species, differ from one another, and can undergo drastic 54 

changes throughout their lives. Understanding these ideas is crucial for understanding biological 55 

phenomena such as metamorphosis and natural selection. However, many studies have shown 56 

that children and adults have difficulty understanding that organisms of the same species can 57 

look different from one another and that they can change throughout their lifespan (Emmons & 58 

Kelemen, 2015; Rosengren, Gelman, Kalish, & McCormick, 1991). Both children and adults 59 

often reject drastic life cycle changes such as metamorphosis, which occurs in butterflies and 60 

most other insects (Rosengren, et al., 1991). Even after people learn about drastic life cycle 61 

changes, they often fail to transfer this knowledge (Herrmann, French, DeHart, & Rosengren, 62 

2013). For example, although many adults recognize that butterflies undergo metamorphosis, 63 

few realize that most insects undergo this type of change.   64 

Previous research suggests that certain cognitive constraints may make it difficult to learn 65 

about drastic life cycle changes such as metamorphosis (French, Menendez, Hermann, Evans, & 66 

Rosengren, 2018). We propose that an additional possible impediment to knowledge transfer 67 

about metamorphosis could be the instructional materials used when teaching this concept. 68 

Lessons on metamorphosis often use colorful life cycle diagrams that depict individuals with 69 

great perceptual detail (e.g., photos or realistic images of animals). The present study 70 

investigated whether manipulating the perceptual richness of diagrams used during 71 

metamorphosis lessons influences learners’ understanding of metamorphosis and their 72 

acceptance of life cycle changes. We first describe previous research on how people understand 73 

biological changes, and we then review the literature on how diagrams influence learning and 74 

generalization.  75 
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Understanding of biological change 76 

People’s difficulties in learning about drastic life cycle changes may arise from 77 

underlying cognitive constraints, such as psychological essentialism (Gelman & Rhodes, 2012). 78 

Psychological essentialism is the idea that categories (such as animal species) have underlying 79 

“essences” that give rise to their characteristics. An essentialist perspective on categories might 80 

imply that category members are unchanging, and thus might make people resistant to accepting 81 

metamorphosis as a plausible change (Rosengren et al., 1991). 82 

People tend to accept that animals can change in size over their lives, but they tend to 83 

reject more drastic types of change, especially for unfamiliar animals (French, et al., 2018). This 84 

pattern of responses—termed the “growth bias”—appears to be strongest among three- and four-85 

year-old children and to decrease with age. Young children’s responses suggest they believe the 86 

juvenile and adult forms of an animal will be identical, except the older version will be bigger. 87 

This pattern of growth (in which the organism changes only in size) is biologically inaccurate, as 88 

the features and proportions of animals also differ in their juvenile and adult forms (Lorenz, 89 

1971). French et al. (2018) argue that this bias is the “default” means for reasoning about life 90 

cycle changes for unfamiliar species, because the rejection of drastic life cycle changes is most 91 

pronounced for unfamiliar animals. From this perspective, metamorphosis may be challenging to 92 

understand because it violates how people normally think of animal growth. 93 

Although the growth bias may explain why metamorphosis is difficult to learn, it does 94 

not explain why learners do not transfer knowledge about metamorphosis learned about one 95 

animal (e.g., butterflies) to other related animals (e.g., other insects). One possible explanation 96 

involves the instructional materials normally used in teaching metamorphosis. Metamorphosis is 97 

typically taught in classrooms using life cycle diagrams that show the most relevant stages in an 98 
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organism’s life. These diagrams are usually perceptually rich, with drawings or photographs that 99 

depict many details about the animal’s appearance at each stage. Additionally, the diagrams 100 

often include irrelevant details in the background, such as plants or other animals. Perceptually 101 

rich representations have been shown to lead to poorer transfer than perceptually bland, abstract 102 

representations in domains such as arithmetic (Fyfe, McNeil, & Borjas, 2015; Kaminski & 103 

Sloutsky, 2013; Kaminski, Sloutsky, & Heckler, 2008) and physiology (Mayer, Griffith, 104 

Jurkowitz, & Rothman, 2008; Park, Moreno, Seufert, & Brünken, 2011). However, no research 105 

to date has examined whether perceptual richness influences learning and transfer of knowledge 106 

about life cycle changes. 107 

Effects of perceptual richness 108 

The perceptual richness of diagrams may influence the learning and transfer of 109 

information. Many studies have focused on extraneous information, or “seductive details,” which 110 

are potentially interesting or distracting features that are irrelevant to the concept being taught 111 

(Garner, Alexander, Gillingham, Kulikowich, & Brown, 1991). Such information may hinder 112 

learning because learners’ attention is drawn to these details, shifting cognitive resources to 113 

processing those details, rather than the lesson-relevant information. In a meta-analysis 114 

examining 39 studies of the effects of seductive details on learning and transfer in a variety of 115 

domains, Rey (2012) found that extraneous details impaired both learning (i.e., retention of 116 

lesson information) and transfer (i.e., generalizing from the lesson). However, only eight of the 117 

studies included in the meta-analysis explored seductive details in images; the majority dealt 118 

with text that contained irrelevant details.  119 

Additional studies that did not fall within the scope of Rey’s (2012) meta-analysis also 120 

support the idea that seductive details in diagrams can inhibit learning and transfer. For example, 121 
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in a study of 6- to 8-year-old children learning to read simple bar graphs, children learned more 122 

and transferred better when the lessons involved graphs that were free of extraneous details 123 

(Kaminski & Sloutsky, 2013). Likewise, adults who learned about the circulatory system with a 124 

schematic diagram learned more than those who learned about it with a detailed, anatomically 125 

correct diagram (Butcher, 2006).  126 

Rey’s (2021) meta-analysis as well as some other recent studies (see Eitel & Kühl, 2019) 127 

have highlighted some variables that moderate the negative effects of seductive details. These 128 

include the domain (with larger negative effects in science compared to history) and learner 129 

characteristics (with learners with greater working memory capacity being less affected by 130 

seductive details). 131 

Abstract vs. Concrete Representations 132 

Although shifting cognitive resources may explain the negative effects of seductive 133 

details in some cases, it is also important to consider potential effects of the level of abstraction 134 

of the representations. Perceptually rich materials may impair transfer because they depict a 135 

specific, concrete example of a category. These materials might lead learners to incorrectly infer 136 

that new information applies only to the depicted exemplar. Interpreting diagrams as specific in 137 

this way could impair transfer because learners may not attempt to generalize the concept to 138 

other cases. In one study of this issue, adults who were taught about modular arithmetic with 139 

abstract images showed better transfer than those who were taught using concrete images 140 

(Kaminski et al., 2008). Abstract representations—which also happen to be more perceptually 141 

bland—might appear more generic or prototypical, and they might therefore support 142 

generalization (Rips, 1975; Rosch, 1973). In contrast with the conclusions of Rey’s (2012) meta-143 

analysis, which showed that both learning and transfer are hindered by the presence of 144 
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“seductive details,” this literature suggests that people can learn well with both concrete and 145 

abstract representations, but that abstract representations promote better transfer. 146 

Some findings, however, cast doubt on the superiority of abstract representations. Siler 147 

and Willows (2014) found that a lesson on modular arithmetic that included concrete but 148 

relevant details led to better performance than a comparable lesson that used abstract 149 

representations. Additionally, lessons on modular arithmetic that involved starting with the 150 

concrete representations and progressively introducing more abstract representations (termed 151 

concreteness fading) led to better learning and transfer than lessons that used only abstract 152 

representations (McNeil & Fyfe, 2012). This work suggests that concreteness is not always 153 

detrimental, particularly if it is relevant or if it helps students grasp the problem or the structure 154 

of the domain. Having concrete representations might be especially beneficial for learning about 155 

life cycles, as the additional perceptual information might help students identify the animal used 156 

in the lesson. Thus, details that help identify the animal are not irrelevant. Therefore, we wanted 157 

to explore whether including these details would also lead to differences in transfer. This study 158 

provides the first test, to our knowledge, of the influence of perceptual richness on reasoning 159 

about life cycle diagrams. 160 

The key issue might not be the representation itself, but whether students are able to 161 

transfer knowledge obtained from a concrete example provided in a lesson to an abstract model 162 

that lends itself to generalization. Abstract visual representations may ease this process because 163 

they are already fairly decontextualized. However, abstract visual representations are not the 164 

only way to promote generalization. Visual representations used in lessons are not always used 165 

alone—they are often accompanied by verbal information that also conveys the to-be-learned 166 

information. Slight modifications to the verbal information might also increase the likelihood 167 
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that students will generalize. 168 

Some evidence suggests that students learn and generalize information better when 169 

abstract visual representations are accompanied by specific (or concrete) labels or verbal 170 

descriptions (Son & Goldstone, 2009). For example, using general labels (e.g., “AB”) rather than 171 

specific labels (e.g., “blue-red”) to describe a pattern enhanced children’s ability to transfer the 172 

rule to new patterns (Fyfe, McNeil, & Rittle-Johnson, 2015). Moreover, children who adopted 173 

the abstract language had better performance. This suggests that the verbal information conveyed 174 

in the lesson can play a critical role in how participants interpret the visual representation. To 175 

control for this effect, we used specific labels in our lesson. We also explored whether 176 

participants spontaneously generated general labels to describe the diagram. Participants’ 177 

spontaneous use of general labels might be an indicator of their own abstraction process, which 178 

should be related to their ability to transfer the material from the lesson. 179 

Individual differences in prior knowledge 180 

Regardless of whether seductive details or concreteness is driving the results, research 181 

has shown that the influence of perceptual richness is not uniform across learners. One learner 182 

characteristic that has been widely studied is prior knowledge. For example, Cooper, Sidney, and 183 

Alibali (2018) found that rich illustrations of trigonometry problems impaired performance for 184 

participants with low prior mathematics knowledge, as measured by standardized math scores, 185 

but not for participants with high prior knowledge. Goldstone and Sakamoto (2003) found that 186 

participants who initially scored low on a task about complex adaptive systems transferred better 187 

with abstract representations, but participants who scored high were either unaffected by the 188 

representation or benefitted from the concrete representation. Thus, prior knowledge may 189 

moderate the influence of perceptual richness of diagrams on learning and transfer. 190 
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Prior knowledge also plays a critical role in learning new concepts (e.g., Kaplan & 191 

Murphy, 2000; Murphy & Allopenna, 1994), including learning about life cycle changes. For 192 

example, French et al. (2018) found that adults were more likely to endorse changes other than 193 

growth for familiar animals than for unfamiliar animals. However, there is also evidence that 194 

intuitive theories of biology persist, regardless of level of expertise. Coley, Arenson, Xu, and 195 

Tanner (2017) found that undergraduate biology majors showed patterns of essentialist reasoning 196 

about biological phenomena that were similar to those shown by non-biology majors. 197 

Additionally, Shtulman and Harrington (2016) found that adults—even professional scientists—198 

continued to rely on their intuitive theories when under time pressure. Transferring knowledge of 199 

metamorphosis might depend, not only on how the learners interact with the diagram, but also on 200 

their prior knowledge about biological change. 201 

Study 1 202 

We examined the effects of perceptual richness in life cycle diagrams on adults’ learning 203 

and transfer about metamorphosis. By perceptual richness, we mean the addition of color and 204 

other details that make the diagram more complex, which might also help students identify the 205 

animals displayed more easily. It is worth noting that the details included in the perceptually rich 206 

diagram, as will be described in the method section, are relevant to the lesson. The details and 207 

color would help differentiate the exemplar in the lesson (i.e., the ladybug) from other beetles. 208 

Given that the added perceptual information is relevant, our study is a strong test of whether 209 

adding relevant perceptual details to a visualization influences learning and generalization. If 210 

students learn more with bland diagrams, this could not be attributed to students who saw the 211 

rich diagram focusing on irrelevant details, since the additional details are relevant. If students 212 
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learn more with rich diagrams, it would suggest that adding perceptual information is not always 213 

detrimental.  214 

Additionally, although there has been some work on how perceptual richness influences 215 

learning and generalization in the domain of biology (Butcher, 2006; Goldstone & Sakamoto, 216 

2003; Son & Goldstone, 2009), none of these past studies assesses how far people generalize 217 

from a lesson, or whether they overgeneralize their knowledge. The prior work in biology has 218 

focused on contexts in which students should generalize what they learned previously. Knowing 219 

that students can generalize even complex information is important, but it is also important to 220 

determine how far people generalize from a lesson. For example, if students learn that 221 

caterpillars turn into butterflies, they should not generalize this fact to fish or dogs.  222 

In our study, we teach students that ladybugs undergo metamorphosis (a concept that 223 

people rarely generalize, Herrmann et al., 2013). We then test them on whether other animals 224 

undergo metamorphosis. These animals include other ladybugs (learning items), other insects 225 

(transfer items), and other non-insect animals (overextension). In our lesson we never specify to 226 

which group participants should generalize. This allows us to determine whether people 227 

generalize without constraints, or, more likely, whether they generalize at the appropriate 228 

category level (i.e., insects). 229 

Based on the literature, we made distinct predictions for learning and transfer. Given the 230 

findings of Kaminski et al. (2008), we expected that both rich and bland life cycle diagrams 231 

would support learning about metamorphosis for the insect used in the lesson (i.e., the ladybug). 232 

We further predicted that the bland life cycle diagram would better support transfer; that is, 233 

individuals who received a lesson with a bland diagram would be more likely to transfer their 234 

knowledge to other insects than learners who received the comparable lesson with a rich diagram 235 
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(Kaminski et al., 2008; Rey, 2012). In line with previous studies, we expected the effect of 236 

perceptual richness on transfer to be moderated by prior knowledge, with the advantages of 237 

bland diagrams being greater for those with low prior knowledge of biological change 238 

(Goldstone & Sakamoto, 2003). Given prior research suggesting that general biological 239 

knowledge, as proxied by college major, does not influence intuitive reasoning (Coley, et al., 240 

2017), we expected that perceptual richness would not interact with college major (i.e., Biology 241 

or non-Biology). 242 

Method 243 

Participants 244 

 Participants were 133 undergraduate students (86 women, 42 men, and 5 who declined to 245 

report gender) enrolled in an Introduction to Psychology course at a large Midwestern university.  246 

They completed the study during one session in a laboratory setting. Of the 133 students, 97 247 

identified as White, 6 as Black or African American, 1 as American Indian or Alaska Native, 21 248 

as Asian, and 5 as other; 3 participants declined to report race or ethnicity. Forty-one students 249 

reported majoring in a Biology-related field (including biochemistry, nursing, zoology, 250 

pharmacy, genetics, and other majors that required extensive biology coursework), 87 students 251 

reported majoring in a non-Biology field, and 5 students did not report major. All participants 252 

received extra credit in their psychology course for participation. All participants provided 253 

informed consent. 254 

Overview of Design 255 

 The study used a pretest-intervention-posttest design. The pretest was designed to assess 256 

participants’ endorsements of different types of changes (size change, color change, drastic 257 

change or metamorphosis, species change). We asked about each type of change with two 258 
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different questions (lifespan questions and offspring questions), described below. The 259 

intervention was a lesson about the ladybug life cycle. We selected the ladybug because it is 260 

familiar to most people. However, when we informally asked a classroom of undergraduate 261 

students whether ladybugs went through metamorphosis, very few of the students said that they 262 

believed that ladybugs did so, and quite a few students were unsure. Participants were randomly 263 

assigned to receive the lesson with either the rich or bland diagram. The posttest was a longer 264 

version of the pretest, with twice as many animals.  265 

Materials 266 

All of our stimuli, diagrams and lessons can be found at https://osf.io/f459n/ . We asked 267 

participants two types of questions: (1) lifespan questions, “When the one on the left grows up, 268 

could it look like the one on the right?”, and (2) offspring questions, “Could the one on the left 269 

have a baby that looks like the one on the right?” The questions were displayed beneath images 270 

of the animals. For the lifespan questions, the juvenile (for insects, larva) form of the animal was 271 

presented on the left, and on the right there was a target picture (depending on the type of change 272 

depicted) that was larger in size. For the offspring questions, the adult form was presented on the 273 

left, and on the right there was a target picture that was smaller in size. Participants answered all 274 

of the questions of each type (lifespan or offspring) in a block, with block order counterbalanced 275 

across participants.  276 

For each animal in the pretest and posttest, we created images that showed four different 277 

types of change: size change, color change, metamorphosis, and species change (adapted from 278 

Herrmann et al., 2013). For animals that undergo metamorphosis, size change trials depicted 279 

animals that differed only in size. To create these trials, we took the same picture and enlarged it 280 

or shrank it (depending on whether it was for a lifespan or offspring question trial). Size changes 281 
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were always correct for lifespan questions, because all the juvenile forms presented in the 282 

lifespan questions in our study grow and get bigger. For animals that undergo metamorphosis, 283 

size changes were incorrect for offspring questions because the juvenile version is a larva, rather 284 

than a smaller version of the adult. For animals that do not undergo metamorphosis, the 285 

presented juvenile form looked similar but had different proportions than the adult form (e.g., a 286 

dog and a puppy). For animals that do not go through metamorphosis, this represented a correct 287 

type of change (Lorenz, 1971). For color change trials, the animals differed in size and color (we 288 

took the same picture, enlarged it, and changed the color). These trials have been used in prior 289 

research to examine how much an animal has to change for people reject the change (French et 290 

al., 2018). Given that this was not the purpose of our study, the color change trials will not be 291 

discussed at length. Metamorphosis trials involved a drastic change from the juvenile to the adult 292 

form. Metamorphosis trials were always correct for insects and amphibians (for both lifespan and 293 

offspring questions), and incorrect for the other animals. Species change is a non-biologically 294 

possible drastic change in the form of the animal; species change trials were always incorrect. 295 

All of the depicted changes involved a difference in size, because prior research suggests that 296 

people reject biological changes that are not accompanied by a change in size (Rosengren et al., 297 

1991). We asked about each type of change for both the lifespan and offspring question for each 298 

animal (eight questions total per animal). 299 

The pretest included five animals (butterfly, ladybug, beetle, fish, and dog) and the 300 

posttest included ten (ladybug, Asian beetle, firefly, stag beetle, ant, butterfly, praying mantis, 301 

fish, frog, and dog). Of these animals, only the fish and the dog do not undergo metamorphosis. 302 

Sample items can be seen in Figure 1 and sample stimuli can be seen in Figure 2. In each 303 

stimulus, the base animal was presented on the left side of the computer screen and the changed 304 
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form was presented on the right. Participants saw all types of change for all animals, but the 305 

order in which the different types of change were presented was randomized for each animal (but 306 

was the same for all participants). On the posttest, the animals were presented starting with those 307 

most similar to the animal in the lesson (the ladybug), and moving farther away as trials 308 

progressed (ladybugs, then other beetles, then other insects, and then vertebrates). This 309 

progressive alignment sequence was used to facilitate transfer (Thompson & Opfer, 2010). 310 

We divided the posttest items into three groups: learning items, transfer items, and 311 

overextension items. Learning items were the ladybug items (because the ladybug was the 312 

animal used in the lesson). Transfer items were all of the non-ladybug insects. These items 313 

required generalization from the lesson. Finally, overextension items were non-insects for which 314 

generalization was not appropriate (the fish and the dog). 315 

 316 

Figure 1. Sample stimuli pairs for animals that undergo and do not undergo metamorphosis. The 317 

figures represent the four stimuli pairs that were presented to participants. Each base was 318 

presented with each of the four types of change. The base was always presented on the left, and 319 

the second image was always presented on the right.  320 
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 321 

Figure 2. Sample stimuli. The image on the left shows a sample question for the lifespan items, 322 

and the image on the right shows a sample question for the offspring items. Both images show 323 

the metamorphosis items for a butterfly.  324 

 325 

The lesson was presented via a brief video about the life cycle of the ladybug. The only 326 

visual shown in the video was a life cycle diagram, and the only difference between the rich and 327 

the bland conditions was the specific diagram used in the video. The diagram was always present 328 

during the lesson. The voiceover was identical in the two conditions. The diagrams are presented 329 

in Figure 3 and the full script for the lesson is in the Appendix. Both the bland and rich diagrams 330 

depicted four stages of the ladybug life cycle. The rich diagram was in color and depicted many 331 

features of the animal at each stage. The bland drawing was black and white and included fewer 332 

features (see Figure 3). At points in the video that focused on a single stage, a yellow circle 333 

appeared around the relevant portion of the diagram but did not obstruct the rest of the diagram. 334 

The video used specific labels for each stage (“egg”, “larva”, “pupa”, “adult ladybug”). The 335 

lesson included the statement that “many animals go through metamorphosis” but did not 336 

explicitly mention that all insects and amphibians go through this process. This allowed us to 337 

examine whether participants transferred the information from the lesson only to ladybugs, to 338 

other insects, or to all animals. 339 

When the one on the left grows up, 
could it look like the one on the right?

Could the one on the left have a baby 
that looks like the one on the right?
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Bland Diagram Rich Diagram 

  

 340 

Figure 3. Diagrams used during the lesson. On the left is the perceptually bland diagram, which 341 

has no color and few details within the drawings at each stage. On the right is the perceptually 342 

rich diagram, which contains color and many details within the drawings at each stage. Figures 343 

available at https://osf.io/hfg38/under a CC-BY4.0 license (Menendez, 2019). 344 

 345 

Procedure 346 

 Participants were randomly assigned to either the rich or the bland condition. All 347 

participants were told that the purpose of the experiment was to test their knowledge about the 348 

life cycles of different animals, and that the task was modeled after a task used with children “so 349 

[the participant] might find it easy.” Participants were randomly assigned to complete the 350 

lifespan or the offspring questions first in the pretest, and this assigned order was maintained for 351 

the posttest. During the pretest and posttest, one pair of images displaying one of the types of 352 

change was shown at a time. One of three trained experimenters read the questions aloud. 353 

Participants were asked to answer “yes” or “no” for each question, and they were not able to go 354 

back to a previous question once it was answered. After completing the pretest, participants 355 

viewed the video lesson with either the rich or the bland diagram, depending on their assigned 356 
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condition. Following the lesson, we asked participants to provide a label for each of the diagram 357 

stages (egg, larva, pupa, adult). Participants then completed the posttest in the same way they 358 

completed the pretest. Finally, participants provided demographic information, including gender, 359 

race/ethnicity, year in school, and major. 360 

Results 361 

First, we analyze performance on the pretest, to establish whether our sample exhibited a 362 

similar pattern of responses as did participants in previous studies. Second, we analyze 363 

participants’ recall of the labels used during the lesson. Next, we present the results for the 364 

learning items. We then present the results for the transfer items. Finally, we present the results 365 

for overextensions (endorsement of metamorphosis for animals that do not go through this 366 

process). We did not find a main effect of question order (i.e., lifespan first, offspring first) for 367 

any of the dependent variables, so we do not include this variable in any of the models presented 368 

below. De-identified data and our analysis script can be found in https://osf.io/f459n/ . 369 

Pretest performance 370 

 We used a repeated measures ANOVA to examine the proportion of endorsements that 371 

participants made for each type of change at pretest. We included type of change, whether the 372 

animal undergoes metamorphosis (yes or no; henceforth, animal type), question type (i.e., 373 

lifespan or offspring), whether the participant was a biology major (yes or no), and all the 374 

respective interactions as predictors. Thus, the analysis was a 4 (type of change) x 2 (question 375 

type) x 2 (animal type) x 2 (college major) repeated measures ANOVA, with college major as a 376 

between-subjects factor. The sphericity assumption was not met, so we used Greenhouse-Geisser 377 

corrections.  378 
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We found a main effect of animal type; participants endorsed a greater proportion of 379 

animals, overall, for animals that undergo metamorphosis (M = .47, SE = 0.01) than for animals 380 

that do not (M = 0.39, SE = 0.01), F(1, 125) = 60.81, p < .001, h2 = .327. We also found a main 381 

effect of type of change, F(1.99, 248.34) = 381.86, p < .001, h2 = .753. Similar to the findings of 382 

French et al. (2018), pairwise comparisons revealed that participants endorsed size change (M = 383 

0.84, SE = 0.01) on a greater proportion of trials than color change (M = 0.53, SE = 0.03), color 384 

change on a greater proportion of trials than metamorphosis (M = 0.27, SE = 0.01), and 385 

metamorphosis on a greater proportion of trials than species change (M = 0.09, SE = 0.01), p’s < 386 

.001.  387 

This main effect was qualified by an animal type by type of change interaction, F(2.57, 388 

321.22) = 68.85, p < .001, h2 = .287. We examined the simple effects by looking at the 95% 389 

confidence intervals. Participants endorsed change in size for a greater proportion of non-390 

metamorphosis animals (M = 0.90, SD = 0.02, 95% CI = 0.86, 0.93) than for animals that go 391 

through metamorphosis (M = 0.79, SE = 0.02, 95% CI = 0.75, 0.83), p < .05. Participants 392 

endorsed color change for a similar proportion of non-metamorphosis animals (M = 0.53, SD = 393 

0.03, 95% CI = 0.47, 0.58) and animals that go through metamorphosis (M = 0.53, SE = 0.03, 394 

95% CI = 0.47, 0.59), p > .05. As one would expect, participants endorsed metamorphosis for a 395 

lesser proportion of non-metamorphosis animals (M = 0.11, SE = 0.01, 95% CI = 0.08, 0.13) than 396 

of animals that go through metamorphosis (M = 0.43, SE = 0.02, 95% CI = 0.39, 0.47), p < .05. It 397 

is worth noting, however, that participants were not at ceiling in their endorsement of 398 

metamorphosis for metamorphosis animals. This result replicates prior research showing that 399 

adults do not always endorse metamorphosis when appropriate to do so. Participants endorsed 400 

species change for a smaller proportion of non-metamorphosis animals (M = 0.04, SE = 0.01, 401 
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95% CI = 0.02, 0.06) than of metamorphosis animals (M = 0.13, SE = 0.01, 95% CI = 0.10, 402 

0.16), p < .05; however, endorsement of species change was quite low overall. Based on the 403 

pretest data, it appears that participants endorse changes in size and color for most animals, and 404 

they simply add metamorphosis to the set of possible changes for those animals that they know 405 

undergo metamorphosis. 406 

There was also a main effect of question type, such that participants endorsed the 407 

depicted change on a greater proportion of lifespan questions (M = 0.45, SE = 0.01) than 408 

offspring questions (M = 0.41, SE = 0.01), F(1, 125) = 12.47, p = .001, h2 = .091. There was also 409 

a type of change by question type interaction, F(2.17, 271.20) = 8.95, p < .001, h2 = .067. 410 

Participants endorsed metamorphosis on a greater proportion of lifespan questions (M = 0.32, SE 411 

= 0.02, 95% CI = 0.29, 0.36) than offspring questions (M = 0.21, SE = 0.01, 95% CI = 0.19, 412 

0.24), p < .05. Participants also endorsed species change on a greater proportion of lifespan 413 

questions (M = 0.12, SE = 0.01, 95% CI = 0.09, 0.15) than offspring questions (M = 0.05, SE = 414 

0.01, 95% CI = 0.03, 0.08), p < .05. However, these findings might be an artifact of the way we 415 

constructed the items. The species change items for the lifespan question for insects showed a 416 

larva on the left side and the adult form of a different insect on the right. Just from seeing a larva, 417 

it is difficult to know how the adult form of an insect will look, so participants may have 418 

endorsed any adult insect if they believed the larva would undergo metamorphosis. In the 419 

offspring questions, however, the animal on the left was an adult insect and the one on the right 420 

was also an adult insect. So, participants only needed to know that an insect would not turn into a 421 

different insect (arguably an easier task), potentially leading to low levels of endorsement for 422 

these questions.  423 



PERCEPTUAL RICHNESS, LEARNING AND TRANSFER 21 

The type of change by question type interaction was further moderated by an interaction 424 

with animal type, F(2.75, 343.84) = 27.68, p < .001, h2 = .181. As seen in Figure 4, across most 425 

types of change, participants endorsed a greater proportion of lifespan questions than offspring 426 

questions. However, for color changes among animals that do not undergo metamorphosis, 427 

participants endorsed a greater proportion of offspring questions than lifespan questions.  428 

There was no effect of biology major, nor did biology major interact with any of the other 429 

variables. Thus, general biological knowledge did not seem to influence participants’ 430 

understanding of biological change. 431 

 432 

Figure 4. Proportion of endorsements for each type of change by animal and question type. Error 433 

bars represent the within-subjects 95% confidence interval. The panel on the left presents the 434 

results for the in-person study (Study 1). The panel on the right presents the results for the online 435 

study (Study 2). 436 
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 After viewing the video lesson, participants were asked to recall the name of each stage 439 

in the ladybug’s life cycle. Two participants were dropped from all of the following analyses 440 

because they did not view video lesson, due to a technical error. We counted participants’ 441 

answers as correct if they said “egg,” “larva,” and “pupa” for the first, second and third stages, 442 

respectively. For the final stage, we accepted a variety of responses including: ladybug, adult, 443 

adult ladybug, adult stage, adulthood, and beetle. We used a linear regression to predict the 444 

number of labels that participants remembered from their college major, diagram condition, 445 

pretest score and their interactions. Biology majors (M = 3.58, SD = 0.81) provided more correct 446 

labels than non-biology majors (M = 3.16, SD = 1.02), F(1, 118) = 6.53, p = .012, h2 = .052. No 447 

other effects were significant. 448 

 Given that participants could use a variety of labels for the final question, we examined 449 

whether participants used a specific term (“ladybug”) or a more abstract or general term (e.g., 450 

“adult” or “beetle”). Recall that one of the reasons some researchers believe perceptually bland 451 

diagrams lead to better transfer is because they are more abstract (Son & Goldstone, 2009). 452 

Analyzing the labels used by participants might provide insight into whether participants think 453 

about the exemplar in the lesson in an abstract or a concrete way. However, there was no 454 

evidence that the bland diagram led more participants to use general labels, c2(1, N = 123) = 455 

0.0005, p = .982. Among participants who saw the bland diagram, 23 participants provided a 456 

general label and 37 provided a specific label. Among participants who saw the rich diagram, 23 457 

provided a general label and 41 provided a specific label. These data suggest that participants 458 

who saw the bland diagram did not think of the animals in a more abstract way than participants 459 

who saw the rich diagram. 460 
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Learning 461 

 To test whether participants learned that ladybugs undergo metamorphosis, we examined 462 

the difference in the probability that participants endorsed the metamorphosis items for the 463 

ladybug questions at pretest and posttest. We used a generalized linear mixed-effects model to 464 

predict participants’ probability of endorsing metamorphosis from test time (pretest vs. posttest), 465 

diagram condition, college major, question type, and number of correct labels provided after the 466 

lesson. We also included the three-way interaction of test time, diagram condition and college 467 

major. We included a by-subject random intercept and two by-subject random slopes (one for 468 

test time and one for question type). The model summary is presented in Table 1. 469 

We predicted that both the bland and rich diagrams would lead to learning. As expected, 470 

we found that participants had a higher probability of endorsing metamorphosis at posttest than 471 

at pretest. Participants endorsed metamorphosis for ladybugs an average of 0.69 times (SD = 472 

1.22) at pretest and 3.72 times (SD = 0.81) at posttest (out of four possible [two ladybugs x 2 473 

questions]). We did not find an effect of diagram condition or an interaction between diagram 474 

condition and test time.  Thus, as predicted, both diagrams led to similar amounts of learning. 475 

Participants were also more likely to endorse metamorphosis for the lifespan questions (M = 0.41 476 

endorsements, SD = 0.72) than for the offspring questions (M = 0.28 endorsements, SD = 0.59). 477 

No other effects were significant.  478 

Transfer 479 

Using a generalized linear mixed-effects model, we next tested whether the diagram 480 

condition (coded –0.5 for bland and 0.5 for rich), pretest scores (mean-centered), college major 481 

(coded 0.5 for biology majors and -0.5 for other majors), and question type (coded -0.5 for 482 

offspring questions and 0.5 for lifespan questions) influenced endorsements of metamorphosis 483 
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for non-ladybug insects. We included the three-way interaction of diagram condition, pretest, 484 

and college major, along with the respective lower-order interactions. We included a by-subject 485 

random intercept and a by-subject random slope for question type. Because participants cannot 486 

transfer what they did not learn, we controlled for participants’ scores on the learning items (i.e., 487 

the ladybug items) in the models of transfer to other insects. We also included the learning by 488 

diagram condition by college major interaction in the transfer models. This follows the 489 

recommendations of Yzerbyt, Muller, and Judd (2004), who suggest that when testing the 490 

interaction between a manipulated variable (e.g., richness of the diagram) and a measured 491 

variable (e.g., pretest scores) when controlling for a covariate (e.g., amount of learning), the 492 

estimate for the interaction is unbiased only when the model includes the covariate by 493 

manipulated variable interaction. 494 

As predicted, there was a main effect of diagram condition on participants’ likelihood of 495 

endorsing metamorphosis for the non-ladybug insect (transfer) items, c2(1, N = 126) = 5.00, p = 496 

.025. As see in Figure 5, participants who received the lesson with the bland life cycle diagram 497 

(M = 8.51 endorsements out of 10 possible, SD = 1.56) were more likely to endorse 498 

metamorphosis than participants who received the lesson with the rich life cycle diagram (M = 499 

7.92 endorsements, SD = 1.47). However, the predicted diagram condition by pretest interaction 500 

was not significant, c2(1, N = 126) = 3.53, p = .060. Pretest performance was related to transfer, 501 

c2(1, N = 126) = 4.10, p = .043. There was also a simple effect of learning, such that more 502 

endorsement of metamorphosis for the ladybug items was related to a higher likelihood of 503 

endorsing metamorphosis for other insects, c2(1, N = 126) = 15.93, p < .001. No other effects 504 

were significant.  505 
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 506 

Figure 5. Participants’ endorsements of metamorphosis for non-ladybug insects. Confidence 507 

bands reflect the 95% confidence interval. Dots at the top and bottom of the graph represent 508 

responses for each participant for each item. A dot on the top (near 1) represents that a 509 

participant said “yes” to the metamorphosis item. A dot on the bottom (near 0) represents that a 510 

participant said “no” to the metamorphosis item. The x-axis shows participants’ pretest scores. 511 

The left panel shows the results for the in-person study (Study 1). The right panel shows the 512 

results for the online study (Study 2). 513 

 Exploratory analysis. We also explored whether using a general label during the recall 514 

task immediately after the lesson was associated with better generalization. The literature on 515 

abstract representations (Fyfe et al., 2015) suggests that participants should transfer better if they 516 

used a general label. The lesson used specific labels for each stage, hence, participants using 517 

general labels during the recall task might reflect participants’ conceptualization of the animal in 518 

the lesson (the ladybug).  519 
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Indeed, participants who used a general label for the adult ladybug (e.g., adult, beetle, 520 

insect) during the recall phase had a higher likelihood of endorsing metamorphosis for non-521 

ladybug insects. The model summary is presented in Table 2. Participants who used general 522 

labels after the lesson (M = 8.48 endorsements, SD = 1.19) were more likely to endorse 523 

metamorphosis for the transfer items than those who did not (M = 8.10 endorsements, SD = 1.7). 524 

However, even after controlling for the use of general labels, the effect of diagram richness 525 

remained significant (see Table 2). This finding suggests that the effect of perceptual richness 526 

might be distinct from the effect of abstract language. 527 

Overextension 528 

 Finally, we examined whether participants erroneously generalized the concept of 529 

metamorphosis to animals that do not undergo this change. To do so, we analyzed participants’ 530 

endorsement of the metamorphosis and species change items for the fish and the dog. We 531 

combined these two types of change because both are drastic, non-biological changes (at least for 532 

dogs and fish). Participants rarely endorsed drastic change for dogs (M = 0.03, SD = 0.17, out of 533 

4 possible). Participants more frequently endorsed drastic change for fish (M = 0.55, SD = 0.74, 534 

out of 4 possible); however, the rate of endorsement was still very low (only 56 participants ever 535 

endorsed one of the fish items, and only 13 endorsed more than one). We used a generalized 536 

linear mixed-effects model to examine whether participants’ endorsement of drastic changes 537 

(metamorphosis and species change) for the fish and the dog depended on test time (pretest 538 

versus posttest), diagram condition (bland versus rich), question type (offspring versus lifespan), 539 

and major (non-biology versus biology). We also explored interactions between diagram 540 

condition and test time, and diagram condition and major. We included by-subject random 541 

intercepts, by-subject random slopes for the effect of question type, and by-subject random 542 
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slopes for test time. We found only that participants were more likely to endorse drastic life 543 

cycle changes on lifespan questions (M = 0.65, SD = 0.68) than on offspring questions (M = 544 

0.50, SD = 0.75), c2(1, N = 126) = 5.49, p = .019. The likelihood of overextension at posttest in 545 

the bland diagram condition (M = 0.60, SD = 0.70) was comparable to the likelihood of 546 

overextension at posttest in the rich diagram condition (M = 0.51, SD = 0.77), c2(1, N = 126) = 547 

0.04, p = .846. There was also no interaction between diagram condition and test time, c2(1, N = 548 

126) = 0.68, p = .409. Thus, participants did not indiscriminately extend the idea of 549 

metamorphosis; instead, they constrained their transfer to appropriate animals. 550 

Discussion 551 

 In line with our predictions, the bland life cycle diagram enhanced participants’ transfer 552 

of metamorphosis to other insects. Further, the bland and rich diagrams led to comparable 553 

learning about metamorphosis for the ladybug. Additionally, we saw very low levels of 554 

overextension, and these levels were comparable across conditions. This pattern of findings 555 

suggests that the higher generalization scores observed in the bland diagram condition were not 556 

due to participants in the bland condition simply endorsing every change that they were 557 

presented with. Thus, bland diagrams promoted appropriate transfer of knowledge and did not 558 

hinder learning. The bland diagram seemed to have helped participants integrate metamorphosis 559 

into their general conception of biological change.  560 

We also found that participants who used general labels to describe the final stage of the 561 

ladybug were more likely to transfer their knowledge of metamorphosis. However, the use of 562 

general labels did not differ by diagram condition, so it could not account for the effects of 563 

perceptual richness on transfer. 564 
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Study 2 565 

 In Study 2 we sought to replicate Study 1 using an online data collection procedure. 566 

Participants completing the study online used their own computers, tablets, or telephones, and 567 

they completed the study in less controlled environments than did participants in Study 1. If the 568 

findings replicate, it would increase the generalizability of our findings. Allowing people to 569 

complete the study online meant that we had no control over the display conditions such as 570 

monitor size and quality of display. We considered this limitation worthwhile given the 571 

concomitant increase in external validity. 572 

Method 573 

Participants 574 

 Participants were 160 undergraduate students (46 men, 111 women, and 3 who did not 575 

report gender) enrolled in an “Introduction to Psychology” course at a large Midwestern 576 

university. Of the 160 students, 139 identified as White, 4 as Black or African American, 12 as 577 

Asian, 1 as Native Hawaiian or Pacific Islander, and 1 as some other race or ethnicity; 3 did not 578 

report race or ethnicity. Fifty-eight participants reported majoring in a biology-related field, 94 579 

participants reported majoring in a non-biology field, and 8 participants did not report their 580 

majors. All participants received extra credit in their Introduction to Psychology course in 581 

exchange for their participation. All participants provided informed consent at the outset of the 582 

study. 583 

Materials and Procedure 584 

 The stimuli were the same as in Study 1. The only difference was that participants 585 

completed the study online. The stimuli and video lessons were displayed on a survey powered 586 

by Qualtrics® (Provo, UT). 587 
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Results 588 

De-identified data and our analysis script can be found in https://osf.io/f459n/ . 589 

Pretest 590 

 We analyzed the data using the same model as in Study 1. Once again, the sphericity 591 

assumption was not met, and we used Greenhouse-Geisser corrections.  592 

As in Study 1, at pretest, participants endorsed the depicted change on a greater 593 

proportion of trials, overall, for animals that undergo metamorphosis (M = .45, SE = 0.01) than 594 

for animals that do not (M = 0.33, SE = 0.01), F(1, 159) = 127.31, p < .001, h2 = .445. We also 595 

replicated the main effect of type of change, F(1.74, 274.60) = 17.33, p < .001, h2 = .098. As in 596 

Study 1, examining the confidence intervals revealed that participants endorsed size change (M = 597 

0.50, SE = 0.02, 95% CI = .45, .54) on a greater proportion of trials than color change (M = 0.41, 598 

SE = 0.02, 95% CI = .37, .44), color change on a greater proportion of trials than metamorphosis 599 

(M = 0.35, SE = 0.01, 95% CI = .33, .39), and metamorphosis on a greater proportion of trials 600 

than species change (M = 0.31, SE = 0.02, 95% CI = .28, .36), p’s < .05. We also found that 601 

participants endorsed a greater proportion of trials, overall, for lifespan questions (M = 0.44, SE 602 

= 0.01) than for offspring questions (M = 0.35, SE = 0.01), F(1, 159) = 72.48, p < .001, h2 = 603 

.313. See Figure 4. 604 

As in Study 1, there were significant interactions of animal type and type of change, 605 

animal type and question type, and type of change and question type, F(2.07, 328.84) = 33.03, p 606 

< .001, h2 = .172, F(1, 159) = 36.00, p < .001, h2 = .185, F(2.70, 429.88) = 53.36, p < .001, h2 = 607 

.251, respectively. The three-way interaction of animal type, type of change, and question type 608 

was also significant, F(2.65, 421.30) = 37.92, p < .001, h2 = .193. For animals that undergo 609 

metamorphosis, participants endorsed size change on a greater proportion of lifespan trials (M = 610 
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0.68, SD = 0.02, 95% CI = 0.63, 0.72) than offspring trials (M = 0.50, SD = 0.03, 95% CI = 0.45, 611 

0.55), p < .05. There were no differences by question type for change in color or metamorphosis, 612 

p’s > .05. For species change, participants endorsed this non-biological change on a greater 613 

proportion of lifespan trials (M = 0.37, SD = 0.03, 95% CI = 0.31, 0.43) than offspring trials (M 614 

= 0.18, SD = 0.02, 95% CI = 0.14, 0.22), p < .05. It is worth nothing that the endorsement of 615 

species change (at least for the lifespan questions) was very high, relative to Study 1. None of the 616 

participants in Study 1 endorsed the species change items for the lifespan questions (M = 0, SD = 617 

0). Given that we used the exact same images in Study 2, this might suggest that the participants 618 

in the online study did not pay full attention.  619 

We found a similar pattern of results for animals that do not undergo metamorphosis; 620 

however, as in Study 1, for color changes among animals that do not undergo metamorphosis, 621 

participants endorsed the depicted change on a greater proportion of offspring trials than lifespan 622 

trials, p < .05. Also, as in Study 1, there was no effect of major, nor did major interact with any 623 

of the other variables.  624 

Labels 625 

We used linear regression to examine the number of labels that participants remembered 626 

from their major, diagram condition, pretest scores and their interactions. As in Study 1, biology 627 

majors (M = 3.22, SD = 1.28) remembered more labels than non-biology majors (M = 2.78, SD = 628 

1.58); however, this effect was not significant in this study, F(1, 143) = 3.05, p = .083, h2 = .021. 629 

No other effects were significant. It is worth noting that the overall level of recall was lower in 630 

this study (M = 2.92, SD = 1.49) than in Study 1 (M = 3.29, SD = 0.97). Additionally, 22 631 

participants in this study provided incorrect labels for all four stages (compared to only 1 632 

participant in Study 1), suggesting that some participants did not pay full attention to the lesson. 633 
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 Once again, we examined whether participants used general labels when recalling the 634 

final stage of the ladybug’s life cycle. Of the participants who saw the bland diagram, 40 635 

provided a general label and 33 provided a specific label. Of the participants who saw the rich 636 

diagram, 33 provided a general label and 43 provided a specific label. However, as in Study 1, 637 

this difference was not significant, c2(1, N = 136) = 0.43, p = .511. Thus, there was no evidence 638 

that participants in the bland condition thought of the animals in a more abstract way than 639 

participants in the rich condition. 640 

Learning 641 

We analyzed the data using the same model as in Study 1, but we eliminated participants 642 

who got all four labels wrong (N = 22). The model summary is presented in Table 1. As in Study 643 

1, participants had a higher probability of endorsing metamorphosis at posttest than at pretest. 644 

Participants endorsed metamorphosis for ladybugs an average of 1.59 times (SD = 1.31) at 645 

pretest and 3.43 times (SD = 1.01) at posttest (out of 4 possible). As in Study 1, we did not find 646 

an effect of diagram condition, or an interaction between diagram condition and test time for the 647 

learning items. Thus, as predicted, and replicating Study 1, both diagrams lead to similar 648 

amounts of learning. We also found that the more labels that participants recalled, the more 649 

likely they were to endorse metamorphosis for ladybugs. No other effects were significant. 650 

Transfer 651 

 We analyzed the data using the same model as in Study 1, including general labels as a 652 

predictor, and we eliminated participants who got all four labels wrong. The model summary is 653 

presented in Table 2. In line with our predictions and with Study 1, there was a main effect of 654 

diagram condition on participants’ likelihood of endorsing metamorphosis for the non-ladybug 655 

insect (transfer) items. Participants who received the lesson with the bland diagram (M = 8.07 656 
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endorsements, SD = 1.52) were more likely to endorse metamorphosis than participants who 657 

received the lesson with a rich diagram (M = 7.54 endorsements, SD = 1.87). There was also a 658 

significant effect of pretest scores, such that those who made more correct endorsements at 659 

pretest were more likely to endorse metamorphosis for the transfer items. However, contrary to 660 

our prediction, but in line with the results of Study 1, the diagram condition by pretest interaction 661 

was not significant; see Figure 5. As in Study 1, there was also an effect of learning. Participants 662 

who learned more also transferred more. Unlike Study 1, there was also a diagram condition by 663 

learning interaction. For those who received the lesson with the bland diagram, learning was 664 

unrelated to transfer, c2(1, N = 131) = 2.12, p = .145. However, for those who saw the rich 665 

diagram, the better their learning, the more they generalized, c2(1, N = 131) = 19.16, p < .001. 666 

Unlike Study 1, participants who used general labels for the adult ladybug did not have a higher 667 

likelihood of endorsing metamorphosis for non-ladybug insects, relative to those who used 668 

specific labels. There were no other significant effects.  669 

Overextension 670 

 As in Study 1, participants rarely endorsed the drastic change items for dogs (M = 0.05, 671 

SD = 0.28, out of 4 possible). More participants endorsed drastic changes for fish (M = 0.67, SD 672 

= 0.96, out of 4 possible); however, the rate of endorsement was still fairly low (59 participants 673 

ever endorsed one of the fish items, and only 23 endorsed more than one). We used a generalized 674 

linear mixed-effects model to examine whether participants’ endorsement of drastic changes 675 

(metamorphosis and species) depended on test time (pretest versus posttest), diagram condition 676 

(bland versus rich), question type (offspring versus lifespan), and major (non-biology versus 677 

biology). We also explored interactions between diagram condition and test time and diagram 678 

condition and major. We included by-subject random intercepts, by-subject random slopes for 679 
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the effect of question type, and by-subject random slopes for test time. We found that 680 

participants were more likely to endorse these drastic life cycle changes at pretest than at 681 

posttest, c2(1, N = 131) = 30.93, p < .001. We did not find this effect of test time in Study 1. This 682 

is likely due to participants in Study 2 endorsing drastic life cycle changes at pretest more often 683 

than participants in Study 1 (whose endorsements were low even at pretest). We also found that 684 

participants were more likely to endorse drastic life cycle changes for the lifespan questions (M = 685 

1.28, SD = 1.08) than for the offspring questions (M = 0.79, SD = 0.92), c2(1, N = 131) = 18.63, 686 

p < .001. As in Study 1, the likelihood of overextension at posttest was similar in the bland (M = 687 

0.56, SD = 0.89) and rich conditions (M = 0.77, SD = 1.02), c2(1, N = 131) = 0.73, p = .395. 688 

There was also no interaction between diagram condition and test time, c2(1, N = 131) = 0.84, p 689 

= .361. Thus, as in Study 1, participants did not overextend their knowledge of metamorphosis to 690 

species that do not undergo this process. In fact, they were less likely to endorse these changes at 691 

posttest, but this effect did not vary by condition.  692 

Discussion 693 

 This study largely replicated the findings of Study 1, showing once again that participants 694 

who viewed the bland diagram exhibited better transfer than those who viewed the rich diagram. 695 

Participants’ use of general labels, once again, did not vary by diagram condition. Also, as in 696 

Study 1, participants rarely overextended the concept of metamorphosis to animals that do not 697 

undergo metamorphosis. The rates of overextension were comparable across the two conditions, 698 

suggesting that the bland diagram did not lead participants to endorse all possible changes but 699 

rather lead to an increase in correct generalization. However, there were some concerns with 700 

whether participants in this study were paying adequate attention, as they displayed lower recall 701 

scores and higher endorsement of non-biological changes than did participants in Study 1.  702 
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General Discussion 703 

 In two studies, perceptually rich and bland diagrams lead to substantial learning about the 704 

concept of metamorphosis, a counter-intuitive biological process. However, in both studies, 705 

participants transferred their knowledge about metamorphosis more when they learned with a 706 

bland diagram. The pattern of data was broadly in line with our hypothesis that bland diagrams 707 

would be more beneficial for people with low prior knowledge, but neither study showed a 708 

reliable interaction of diagram condition and prior knowledge. We also found that few students 709 

overgeneralized the concept of metamorphosis to animals, like the fish, which do not undergo 710 

this process. The lack of endorsements of metamorphosis for the fish suggests that students were 711 

unlikely to overextend their knowledge of metamorphosis. The similar rates of overextension 712 

across the two diagram conditions also suggest that the benefit of the bland diagram was not due 713 

simply to participants endorsing all forms of change, but rather that they were appropriately 714 

generalizing the concept of metamorphosis to animals that they thought were likely to undergo 715 

this process (i.e., other insects). Overall, our results are in line with prior literature suggesting 716 

that even in a domain in which concrete details are relevant in order to identify the exemplar 717 

used in lessons, omitting these details while using specific labels in the lesson led to similar 718 

amounts of learning and better, appropriate transfer. 719 

Beneficial effects of perceptual blandness on transfer 720 

Some researchers have argued that bland representations promote transfer because they 721 

are more abstract (Kaminski, et al., 2008). Applied to the present studies, the basic idea is that 722 

the organism depicted in the bland diagram does not look exactly like a ladybug, but instead 723 

looks more like a generic or prototypical “bug”. Prototypical examples are better at supporting 724 

generalizations than are non-prototypical ones (Murphy, 2002; Rips, 1975; Rosch, 1973). 725 
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Conversely, the perceptually rich ladybug was highly specific, potentially leading participants to 726 

believe that the information from the lesson applied only to it, and not to other insects. We asked 727 

participants to recall the name of each stage in the diagram primarily as an immediate recall test. 728 

However, we took advantage of this recall test to explore participants’ spontaneous use of 729 

general labels. Given that the lesson used specific labels, if a participant creates their own 730 

general label, this might indicate that they are abstracting away from the specifics of the lesson. 731 

This abstraction, as one would expect, was associated with better transfer in Study 1, but the 732 

difference in participants’ use of general labels was not related to diagram condition. 733 

Furthermore, even after controlling for participants’ use of general labels, there was still an effect 734 

of diagram condition on transfer performance. Of course, participants’ use of general labels is an 735 

imperfect indicator of how they viewed the exemplar in the lesson, but it is nevertheless 736 

suggestive that the effect of perceptual richness might extend beyond abstractness. 737 

One possibility is that the bland diagram might have made it easier for learners to identify 738 

the underlying deep structure of the exemplar (i.e., the “insect-ness” of the ladybug). Because the 739 

bland diagram has fewer distracting features, such as spots and color, it may have been easier for 740 

learners to discern the relevant features of the diagram that are likely to generalize. In turn, the 741 

bland diagram might have promoted transfer by allowing learners to more easily identify features 742 

of the ladybug that are similar to those of the other insects presented at posttest. According to 743 

this view, perceptually bland representations promote transfer by facilitating structure mapping 744 

between exemplars and novel items (Gentner, 1983). This perspective also readily explains why 745 

we did not see greater overextension—the anatomical structure of the fish and the dog is very 746 

different from that of the ladybug and other insects. Perceptually rich diagrams might distract 747 

learners’ attention from structural features, hindering transfer. Future studies should examine 748 
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whether bland representations might lead to overextension for animals that are more similar in 749 

structure, such as spiders and centipedes, but that do not go through metamorphosis. 750 

Prior knowledge as a moderator 751 

We did not find that the effects of bland versus rich diagrams varied depending on prior 752 

knowledge. We expected that learners with low prior knowledge would have had a harder time 753 

discerning what information was likely to extend beyond the specific example. Given that the 754 

bland diagram omitted irrelevant information, we thought that it would allow these learners to 755 

focus on the information that was likely to transfer. Although the overall pattern of the data 756 

suggested that this might be the case, we did not find a statistically significant interaction 757 

between prior knowledge and diagram richness in either study. 758 

It is worth noting that even at pretest, we also did not find that individuals majoring in 759 

biology differed from non-biology majors in their endorsement of metamorphosis. This is in line 760 

with prior research (Coley et al., 2017) suggesting that biology majors exhibit patterns of 761 

intuitive thinking that are similar to those of people with less biological knowledge. 762 

Lifespan versus offspring questions 763 

 Surprisingly, in both studies we found differences in responses to lifespan and offspring 764 

questions. At pretest, people made more endorsements overall for lifespan questions than for 765 

offspring questions. In Study 1, participants were more likely to endorse metamorphosis for 766 

ladybugs on the lifespan questions, and across both studies, participants made more 767 

overextensions on the lifespan questions. This suggest that lifespan questions lead to more 768 

endorsements, but not necessarily more correct endorsements.  769 

This is an asymmetry that to our knowledge has never been reported in the literature. We 770 

did not expect to find a difference between the two question types, as prior work has not reported 771 
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differences (e.g., French et al., 2018). Therefore, it is possible that this is a spurious finding. 772 

However, prior research has focused primarily on children’s reasoning, and the present studies 773 

focused on adults. It is possible that the distinction between lifespan changes and changes 774 

between parents and offspring emerges later in development, once people have a strong basis of 775 

biological knowledge. It may be that prior work did not find a difference between the two 776 

question types because the participants were children. 777 

Another potential reason for this asymmetry is that the species change items always used 778 

an adult form of an animal. In the lifespan questions, this made sense, but in the offspring 779 

questions, people might have taken this as a cue to reject the item, because it is unlikely that an 780 

animal would have a “baby” that looks like an adult animal.  781 

Although the design of our stimuli might explain why we would see differences between 782 

the question types on the species change items, it cannot fully account for the results. There were 783 

also differences by question type on the other types of changes, as well, albeit smaller ones. One 784 

possibility is that people accept a wider range of changes when thinking about how an organism 785 

will look when it grows up. Conversely, people might expect that offspring will resemble their 786 

parents, and so they may be willing to accept less change when thinking about parents and 787 

offspring (Williams, 2012). Another alternative is that our lesson made people more likely to 788 

accept any changes throughout the lifespan, but not across generations. Even though the diagram 789 

abstractly depicted change across a generation (with an arrow going from the ladybug to the 790 

egg), this process was not explicitly described in the lesson. It is possible that our lesson made 791 

participants more open to changes throughout the lifespan, but failed to make participants realize 792 

that the same process (i.e., metamorphosis) that would make the juvenile forms (i.e., offspring) 793 
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look different than the adult forms (i.e., parents), also leads to initial differences between parents 794 

and offspring. Future research should investigate this possibility further. 795 

Online versus In-person learning 796 

 Study 1 and 2 together provide important information on differences between online and 797 

in-person lessons. We found that, at pretest, participants who completed the study online 798 

endorsed the non-biological species change (such as a ladybug having a baby butterfly) more 799 

than those who completed the study in-person. This suggests that, at least initially, participants 800 

completing the study online may not have been paying adequate attention during the study. 801 

However, we also found differences in learning. Immediately after the lesson, when participants 802 

were asked to recall the name of each stage, 22 participants who completed the study online 803 

(13.75%) provided no accurate labels, while only one participant who completed the study in-804 

person (0.75%) provided no accurate labels. Given that the video lessons were exactly the same, 805 

we believe that this difference is due to the participants watching the lesson online. The aim of 806 

Study 2 was to check whether our effects were robust to the lack of experimental control present 807 

with online samples. We did find that our main findings were robust to this threat to internal 808 

validity, but the differences observed between studies might be relevant for instructors and 809 

course designers who might be considering online or “flipped” instruction. Given the lack of 810 

random assignment to study location, we cannot make any causal claims, and we caution against 811 

taking these findings as anything more than suggestive. 812 

Implications 813 

This study has some straightforward educational implications. Most important, our 814 

findings suggest that teachers and textbook writers should pay close attention to the visual 815 

representations used in lessons. Although perceptually rich diagrams might capture students’ 816 
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attention and enhance motivation (Durik & Harackiewicz, 2007), one potential cost is that 817 

students—especially those with low prior knowledge— may have a harder time discerning the 818 

deep structure of the material. Students may be less likely to apply their knowledge to novel 819 

exemplars if those exemplars differ substantially from those used in the lesson. Although this 820 

could be due to the specific diagrams used in these studies, we argue that the results likely apply 821 

to many other diagrams. Our rich diagram is actually fairly sparse, including only information 822 

that is relevant to the lesson. Even though the perceptually rich diagram included only relevant 823 

details, we still saw that removing them increased generalization. Therefore, we think it likely 824 

that other instantiations of diagrams (such as rich diagrams that have irrelevant information, or 825 

bland diagrams that are even less detailed) will lead to similar results. As educators are often less 826 

interested in students learning isolated facts than in students generalizing from lessons, it seems 827 

that using perceptually bland diagrams might lead to the best outcomes.  828 

However, there might also be a time and place for perceptually rich representations. 829 

Some recent work suggests that students exhibit strong transfer when first shown a rich, concrete 830 

representation that is then “faded” to a more abstract representation (Fyfe et al., 2015). It is 831 

possible that students would have shown even greater transfer, had we shown them the rich 832 

diagram followed by the bland diagram. Conversely, teachers could also present several concrete 833 

examples followed by an abstract rule such as “all insects go through metamorphosis.” Some 834 

research (e.g., Gick & Holyoak, 1980; 1983) suggests that this format might be more beneficial 835 

for learning than the single-exemplar generalization approach that we took. Future studies should 836 

examine how these different approaches compare to one another. 837 

Our studies also have implications for the literature on folk-biological reasoning. Both 838 

studies replicate the findings of French et al. (2018) regarding what sorts of biological changes 839 
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people believe to be possible. The low endorsement of metamorphosis for ladybugs at pretest 840 

highlights the counter-intuitive nature of processes like metamorphosis, as even adults who 841 

presumably know about metamorphosis in butterflies rarely believed this change to occur in 842 

ladybugs.  843 

Previous studies had shown that giving preschool-aged children exposure to animals 844 

undergoing metamorphosis without explicit instruction does not lead children to generalize the 845 

concept of metamorphosis to other animals (Herrmann et al., 2013). In contrast, the current 846 

studies show that adult participants are indeed able to generalize counter-intuitive biological 847 

concepts such as metamorphosis, if provided direct instruction. Future work should investigate 848 

whether direct instruction with bland diagrams can also promote transfer of knowledge about 849 

metamorphosis in young children. 850 

Our study also shows that general biological knowledge (as measured by college major), 851 

did not predict the extent to which students generalize counter-intuitive information. However, 852 

knowledge about the focal topic (i.e., knowledge about biological changes, measured at pretest) 853 

did predict transfer in both studies. Future research that uses a less crude measure of general 854 

biological knowledge, such as biology course work, might bring more light to this finding. 855 

Limitations 856 

 Some limitations of the current study should be highlighted. Our participants had 857 

presumably received lessons on metamorphosis in elementary school, and yet many of them had 858 

forgotten what they had learned. It is possible that the effects of our manipulation are short-term, 859 

and that these participants will not endorse metamorphosis for ladybugs or other insects in the 860 

future. If adults return to not endorsing metamorphosis as a possible biological change for most 861 
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insects, it would suggest that there is a relatively strong tendency to reject drastic life cycle 862 

changes (French et al., 2018).  863 

It remains an open question how the perceptual richness of life cycle diagrams would 864 

affect learners who have had no formal instruction on metamorphosis, such as children in 865 

elementary school. According to the Next Generation Science Standards, children should learn 866 

about metamorphosis by third grade (NRC, 2014). It is unclear how first- and second-grade 867 

students, who have not learned about metamorphosis in school, will learn from diagrams with 868 

differing amount of perceptual details. On one hand, given that children in these grades have had 869 

very little formal biology education, one could expect that they would benefit most from the 870 

bland diagram. On the other hand, some studies have found that children perform better with 871 

richer, more interesting visual representations because they increase motivation and thereby 872 

improve learning (Durik & Harackiewicz, 2007). The effects of perceptually rich representations 873 

on motivation might be less pronounced with adults, given that they have likely had more 874 

exposure to bland diagrams (Wiley, Sarmento, Griffin, & Hinze, 2017).  875 

Finally, this study does not pinpoint the mechanism for why bland representations 876 

promote transfer more than richer representations. Our findings do not align with the seductive 877 

details effect as the rich diagram included only relevant details. But our results might be 878 

compatible with multiple other possibilities such as differences in the level of abstractness, and 879 

motivational factors. Future research should evaluate these and other plausible mediating factors, 880 

so as to elucidate the mechanisms through which perceptual richness influences transfer.  881 

Conclusion 882 

 This research demonstrates that bland diagrams can have beneficial effects for transfer, 883 

both in an online and an in-person setting. This research further suggests that bland diagrams do 884 
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not lead learners to overgeneralize their new knowledge to items for which it is not appropriate. 885 

Instead, bland diagrams lead learners to endorse metamorphosis as a plausible biological change 886 

for animals that undergo this change, without reducing their endorsement of other, biologically 887 

correct types of change. These studies also suggest that the effects of perceptual richness on 888 

transfer are not due to participants thinking of the exemplar in the lesson in a more abstract way. 889 

In sum, in these studies, perceptually bland diagrams enhanced transfer without hindering 890 

learning or leading to overextension; thus, bland diagrams yielded better performance than rich 891 

diagrams, even though the rich detail relevant at the task at hand. Lessons that involve bland 892 

representations may be optimal for student learning and transfer.   893 

  894 
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Study 1 Study 2 

Predictor OR c2 p-value OR c2 p-value 

Time (Pre vs Posttest) > 1,000 1 57.16 < .001 12.49 10.91 < .001 

Rich diagram 1.81 0.11 .742 0.50 1.29 0.257 

Biology major 1.08 0.002 .968 0.89 0.04 0.845 

Labels 1.28 0.10 .746 2.80 16.72 < .001 

Lifespan question 108.01 3.88 .049 0.75 0.49 0.481 

Time * Rich diagram 2.68 0.08 .780 0.91 0.004 0.948 

Time * Biology major 0.57 0.03 .871 1.41 0.07 0.796 

Rich diagram * Biology 

major 

0.68 0.01 .915 0.09 3.73 0.053 

Time * Rich diagram * 

Biology major 

10.12 0.11 .734 0.13 0.56 0.454 

Labels * Rich diagram 0.91 0.004 .949 1.16 0.11 0.738 

 993 

Table 1. Predictors of adults’ endorsement of metamorphosis for ladybug (learning) items. 994 

Values in bold are significant at the .05 level. 1 114,521,260,401.51, this high value is likely due 995 

to a ceiling effect for the learning items on the posttest. 996 

 997 

  998 
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Study 1 Study 2 

Predictor OR 𝝌2 p-value OR 𝝌2 p-value 

Rich diagram 0.61 5.30 .021 0.65 6.00 .014 

Pretest score 1.16 4.63 .031 1.16 9.35 .002 

Biology major 1.24 1.01 .316 1.02 0.01 .915 

Lifespan question 0.90 0.40 .525 1.23 1.54  .214 

Learning score 1.77 19.20 < .001 1.43 17.55 < .001 

Rich diagram * Pretest 1.29 3.31 .069 1.08 0.67 .414 

Rich diagram * Biology 

major 

0.77 0.40 .529 0.63 1.67 .196 

Pretest * Biology major 1.10 0.44 .506 1.01 0.02 .889 

Rich diagram * Pretest * 

Biology major 

1.55 2.42 .120 1.02 0.02 .899 

Rich diagram * Learning 1.27 0.84 .359 1.47 5.41 .020 

General label 1.54 4.76 .029 1.00 < 0.01 .999 

Rich diagram * General 

label 

1.34 0.54 .462 1.28 0.46 .498 

 999 

Table 2. Predictors of adults’ endorsement of metamorphosis for non-ladybug insect (transfer) 1000 

items. Values in bold are significant at the .05. 1001 

 1002 

 1003 

 1004 
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 1005 

Appendix 1006 

“Animals change a lot throughout their lives. All animals grow. Some animals change in 1007 

other ways, as well. For example, some grow hair, some change the color of their skin or their 1008 

hair, and some go through metamorphosis. Metamorphosis is big change in the form of the 1009 

animal’s body. For example, metamorphosis may involve growing new body parts like antennae 1010 

or wings. Many animals go through metamorphosis.  1011 

Let’s look at ladybugs as an example. Like all other insects, ladybugs hatch from eggs. 1012 

But when they first come out of the egg they don’t look like the adult ladybugs you see outside. 1013 

They look kind of like a worm. At this stage, we call them larvae. Larvae move around looking 1014 

for food. Larvae grow and grow and when they are almost fully grown they attach themselves to 1015 

a plant.  They cover themselves with tough skin. At this stage, we call them pupa. Inside the 1016 

pupa, the ladybug’s body is rounding out and it is growing wings. After five days, the pupa splits 1017 

open and the adult ladybug comes out. After a few hours when the ladybug dries, it is finally able 1018 

to fly. After some time, the ladybug finds another ladybug to mate with. The female lays the eggs 1019 

and the cycle starts again! 1020 

So that is the life cycle of a ladybug.” 1021 

 1022 


