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An Analysis of plant awareness disparity within introductory 
Biology textbook images
Kristi Brownlee#, Kathryn M. Parsley# and Jaime L. Sabel

Department of Biological Sciences, University of Memphis, Memphis, USA

ABSTRACT
Plant awareness disparity (PAD, formerly plant blindness) is the tendency 
not to notice plants in one’s environment, which leads to the perspective 
that plants are unimportant. In this paper, we explore how plants and 
animals are represented in introductory biology textbooks to determine if 
these texts are contributing to PAD in undergraduate students. We ana-
lysed images from four texts that are commonly used as introductory 
biology textbooks for biology majors, and specifically focused on the 
introductory, genetics, and evolution chapters. We found that animals 
are chosen more often as examples of biological concepts in textbook 
images across all four textbooks, indicating that these texts are contribut-
ing to PAD. Textbook producers should focus on including a more equal 
number of plant and animal examples of biology concepts and processes, 
and instructors should bring in outside examples and images to supple-
ment those currently in texts that demonstrate a bias towards animals.

KEYWORDS 
Plant blindness; plant 
awareness disparity; general 
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Introduction

Plants are fundamental to the sustainment and advancement of all life on Earth. Plants provide 
oxygen, carbon and water cycling to support life, food sources to maintain diet and nutrition, 
synthesised compounds to create medicines, and raw materials to develop clothing, habitats and 
shelter (Hershey 1993). Yet plants are also inadvertently neglected for their contributions to such 
life-sustaining processes (Hershey 1993). This attentional neglect is problematic for all people, but 
especially for students of the biological sciences who will be future educators, scientists, and 
decision makers.

Plant neglect in biology education is a complex issue that precedes its students and can be 
described as a self-perpetuating cycle in which biology teachers have insufficient botany training 
and, therefore, do not teach enough plant biology to their students (Hershey 1993). Plant neglect in 
biology education is caused by the replacement of introductory botany courses with biology courses 
in college which, in turn, affects what preservice teachers learn and then emphasise in grade school 
(Hershey 2002). Inadequate plant representation in biology courses can also be attributed to the 
assumed synonymity of ‘biology’ and ‘zoology’ in the development of general biology courses as 
early as 1919 and the greater phenomenon of plant awareness disparity (PAD; Nichols 1919; 
Wandersee and Schussler 2001).

PAD, formerly known as plant blindness, is defined as the tendency not to notice plants in 
one’s environment, which often leads to the inability to recognise the importance of plants to 
our biosphere and human affairs (Wandersee and Schussler 1999; Parsley 2020). An example of 
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this phenomenon is represented by the fact that students tend to recall animal images sig-
nificantly more often than plant images and students do not perceive plants as being alive due, 
in part, to plants’ lack of immediately observable motion (Schussler and Olzak 2008; Yorek, 
Sahin, and Aydin 2009). There are also differences in attentional blink for university students 
when considering plants and animals, meaning that students are better able to detect animals 
than plants when shown images of each in rapid succession (Balas and Momsen 2014). These 
studies indicate that the attentional part of PAD is caused by a visual perception bias in which 
attention is captured more strongly and for a longer period of time by animals than by plants. 
In light of this visual perception bias demonstrated by several studies, Schussler et al. (2010) 
hypothesised that the phenomenon of PAD is culturally embedded and/or perpetuated in 
curriculum and learning materials, such as textbooks. Two different studies have explored the 
phenomenon of PAD as it is represented in elementary textbooks and found a greater amount 
of animal pictures than plant pictures in both cases (Schussler et al. 2010; Link-Pérez et al. 
2010).

PAD creates a potential problem for undergraduate biology education because the underrepre-
sentation of plant content in textbooks can lead to inadequate functional botanical literacy and the 
misunderstanding of important plant-related socioscientific issues such as GMOs, biofuels, and 
climate change (Parsley et al. In Review). The purpose of this research is to determine whether 
animals are disproportionately represented over plants in undergraduate introductory biology 
textbooks. Our study seeks to build on the current literature exploring representation of plants in 
elementary-level texts to determine the representation of plants in collegiate-level introductory 
biology textbooks. Doing so will help to ensure students are adequately taught and exposed to 
content regarding plants in learning materials to combat PAD in biology education. It is important 
that undergraduates are exposed to both plant and animal examples and material in their intro-
ductory biology classes, as this will have an impact on their future views and knowledge of plants. In 
the case of preservice teachers, this is especially important as the content they are exposed to during 
their training has an impact on how or if they present plant content to their future students 
(Hershey 2002). With this in mind, we selected four commonly used undergraduate biology 
textbooks and examined the introductory chapter, chapters on genetics, and chapters on evolution. 
Our overall goal was to examine how often plants are used as examples in images explaining 
biological concepts. To achieve this goal, we had the following objectives:

● Determine the prevalence of plant images as compared to other organisms
● Determine the prevalence of animal images as compared to other organisms
● Determine the relative prevalence of plant and animal images

Methodology

Text selection

We selected four undergraduate biology textbooks based on the criteria that they are commonly 
used for undergraduate introductory biology courses in the United States. However, our study is not 
meant as a commentary on specific textbooks, but rather an evaluation of textbooks that we know 
are representative of the same trends in other undergraduate biology texts. The selected textbooks 
include: Biology: How Life Works second edition published by Macmillan Learning, Campbell 
Biology eleventh edition published by Pearson Education, Understanding Biology second edition 
published by McGraw Hill Education, and Biology 2e published by OpenStax. Biology: How Life 
Works third edition has since been published, however there was little to no change in representa-
tion of plants within the chapters of interest in this textbook. The first three textbooks are similarly 
formatted into units, which are further divided into chapters. OpenStax has neither unit nor page 
numbers but is divided into chapters.

2 K. BROWNLEE ET AL.



We limited our evaluation to the introductory chapter and the chapters focused on genetics and 
evolution in each textbook (see Table 1). The first chapter of each textbook covered an overview of 
foundational biological knowledge with an introduction to biology themes and scientific inquiry. 
This sample selection was determined based on congruence in textbook structure – with each 
textbook having an introductory first chapter, a unit dedicated to genetics and a unit dedicated to 
evolution. These units were selected because genetics and evolution are foundations of biological 
science and knowledge. We viewed the inclusion of plant content within these contexts as being 
a basic requirement to ensure that students understand that plants are involved in the fundamental 
concepts and processes of biology. Several types of misconceptions play a role as students learn 
about plants and can follow students even into college (Hershey 2004, 2005; Wynn et al. 2017). For 
example, if students are not exposed to an adequate number of examples of plants in evolution, they 
may believe plants do not evolve as animals do. Similarly, in genetics, if students do not see how 
plants conform to genetic patterns like animals do, they may develop misconceptions about the way 
genetics work in plants (Hershey 2004, 2005; Wynn et al. 2017).

We included chapter title pages, activity pages, and within-chapter review pages for visual 
analysis. We excluded performance assessment pages concluding each chapter, as these pages 
consisted of repeated images. Additionally, OpenStax had no pages or units as it is an entirely 
online textbook, so we were only able to record the number of chapters for that textbook.

Images as unit of analysis

The unit of analysis for this study was each image included in each chapter of the selected textbook 
sample. For the purpose of this study, all photographs, drawings, and diagrams that visually 
captured or digitally illustrated living or fossilised organisms were included. Stand-alone tables, 
graphs, phylogenetic trees and pedigrees that were not accompanied by a visual representation of an 
organism were excluded (e.g., pie-graph of world population statistics, or phylogenetic tree with 
only organism species names). To capture a broad sense of plant and animal content presented 
visually, organism examples included references to the whole organism and references to organs 
and organelles. Images that focused on humans (e.g., photograph of Charles Darwin) were also 
included and required additional coding for separate analysis.

Data collection

To compare the amount of animal and plant images in each textbook, information for each image 
of the textbook sample was recorded and the following data were collected: chapter title, page 
number, figure number, subject of the image, whether the image focus was a human, caption of 
image, and any explanatory notes. Data were collected each chapter at a time. This allowed us to 
generate analyses for comparison across textbooks, between units, and by chapter. Frequency 
tables were derived to include counts and percentages of images within each category (Schussler 
et al. 2010). Frequency tables for the total number of images were also separated by textbook, 
unit, and chapter.

Table 1. Structure and breakdown of selected textbooks by units, chapters and pages.

Campbell 
11th Edition

Mason 
2nd Edition

Morris 
2nd Edition Open Stax, 2e

Number of Units (Total) 8 8 8 N/A
Number of Chapters (Total) 56 40 49 11

1258 974 1225 N/A
Number of Pages (Chapter 1) 25 20 22 N/A
Number of Pages (Genetics Unit) 186 161 174 N/A
Number of Pages (Evolution Unit) 58 45 78 N/A
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Image evaluation

Images that met the inclusion criteria were evaluated based on two pieces of information: the 
subject matter of the image and the accompanying figure label and caption. We developed a coding 
scheme to systematically define the focus of each image (Link-Pérez et al. 2010). Link-Pérez et al. 
(2010) determined the image focus based on the development of content categories. Categories, 
such as ‘animal subject’, ‘plant subject’, ‘landscape subject’, and ‘dual subjects’ classified the images 
selected for evaluation. Our study approached image evaluation in a similar manner, with the 
derivation of seven content categories (see Table 2). Furthermore, this coding scheme was devised 
inductively, based on the images of one textbook (Schussler et al. 2010). Schussler et al. (2010) used 
one out of the two textbook series evaluated to sort content into specific categories. In our study, 
one author viewed the images of Campbell Biology’s first chapter and drafted an initial coding 
framework that garnered content categories. All authors discussed the coding scheme and revised it 
to reconcile coding inconsistencies. The coding scheme was finalised to include qualifying char-
acteristics for each content category (see Table 2). Once consensus was reached on the coding 
categories the first author coded all remaining chapters and discussed any questions about parti-
cular images with the other authors.

Results

All chapters analysed

The visual analysis shows that across all four textbooks there were more images with animal subjects 
and, in three of the textbooks, more images with an animal focus than images containing plants. In the 
Campbell Biology textbook, 285 images were analysed. Of these images, 149 (52.28%) images con-
tained animal subjects only, and 39 (13.68%) images had animals as the main focus. Fifty (17.54%) 
images contained a plant subject only, four (1.40%) images had a plant focus, and two (0.70%) images 
featured plants with a non-animal subject as the focus. There were also ten (3.51%) images that had 
a dual focus on animals and plants, and 31 (10.88%) images that were categorised as ‘Other.’

The Mason et al. Understanding Biology textbook contained only 162 images that were analysed 
(see Table 1). Of these images, 83 (51.23%) images contained animal subjects only, and 13 (8.02%) 
images had animals as the main focus. Fewer plants were represented within this textbook with only 

Table 2. Textbook evaluation coding scheme.

Content 
Categories Category Qualifiers In-Text Examples

Plant-Only Stand-alone photograph or illustration of a plant; 
inclusion of no animals or other living organism.

‘Tobacco plant expressing a firefly gene’ (Campbell 
2017, 342).

Animal-Only Stand-alone photograph or illustration of an animal; 
inclusion of no plants, plant landscape background or 
other living organism.

‘An evolutionary tree of Darwin’s finches’ (Mason, 
2018, 434).

Plant Focus Photograph or illustration of a plant accompanied by an 
animal or other living organism; focus determined by 
caption or associated text.

‘Creating transgenic plants using Agrobacterium 
transformation’ (Mason 2018, 370).

Animal Focus Photograph or illustration of an animal accompanied by 
a plant, plant landscape background or other living 
organism; focus determined by caption or associated 
text.

‘The overall appearance of this pygmy sea horse 
camouflages the animal in its environment’ 
(Campbell 2017, 3).

Plant Present, 
with Other 
Focus

Photograph or illustration of a living organism other than 
a plant or animal accompanied by a plant or plant 
landscape background; focus determined by caption 
or associated text.

‘Kingdom Fungi’ (Mushroom pictured in a patch of 
grass.) (Campbell 2017, 12).

Dual Focus Photograph or illustration of a plant and animal visually 
represented equally; caption or associated text 
substantiates equal representation.

‘Soapberry bug with beak inserted in balloon vine 
fruit’ (Campbell 2017).

Other Any living organism other than a plant or animal. Brewer’s yeast (Morris 2016, p.12).
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25 (15.43%) images that contained a plant subject only. Furthermore, only one (0.62%) image was 
labelled as plant focused, and no images having plants present with a different focus. Ten (6.17%) 
images had a dual focus on animals and plants, and 30 (18.52%) images fell into the ‘Other’ 
category.

The Morris et al. How Life Works textbook contained 219 images that were used for analysis (see 
Figure 1). Of these images, 134 (61.19%) images had an animal subject only, and 19 (8.68%) images 
had animals as the main focus. This textbook also contained fewer images with plants as the focal 
point. There were 31 (14.16%) images that contained a plant subject only, one (0.46%) image that 
had a plant focus, and no images that contained plants with a non-animal subject focus. Nine 
(4.11%) images had a dual focus on animals and plants and 25 (11.42%) images were categorised as 
‘Other.’

The OpenStax Biology 2e textbook contained 133 images that were analysed. Of these images, 84 
(63.16%) images contained animal subjects only, and nine (6.77%) images had animals as the main 
focus. Twenty-one (15.79%) images contained a plant subject only and two (1.50%) images were 
labelled as plant focused. Three (2.26%) images had a dual focus of animals and plants. No images had 
plants present with a different focus. There were 14 (10.53%) images that fell into the ‘Other’ category.

Within these textbooks, we found not only a difference in the amount of plant and animal 
images, but also a difference in how plant and animal images were treated. Animals were used as 
exemplars for a greater variety of content presented in each textbook. Whereas, plants were used to 
provide examples for fewer topics. Moreover, plants were more infrequently used to exemplify 
scientific processes that apply to both animals and plants, such as evolution. Finally, we observed 
that animal images were more likely to have species names listed in the captions, whereas plant 
images often did not.

Introductory chapters

When evaluating the introductory chapter of each textbook, we found more images with an animal 
subject or animal focus, as compared to all other content categories (see Figure 2). Across all 
textbooks, images with animal subjects comprised 34.91% of all images evaluated. Furthermore, 
images with an animal focus comprised another 21.70% of all images evaluated. In the Campbell 

Figure 1. Analysis of three undergraduate introductory biology textbooks according to the number and percentage of images 
devoted to plant and animal-focused labelling categories.
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Biology textbook, there were 49 images evaluated in the first chapter. Of these images, 18 (36.73%) 
had an animal-only subject and 11 (22.45%) images had an animal focus. Eleven (22.45%) images 
contained a plant-only subject and three (6.12%) images had a plant focus. There was also one 
image (2.04%) with a dual focus on plant and animals. Only two (4.08%) images had a plant present 
and a non-animal subject as the focus. Lastly, there were three (6.12%) categorised as ‘Other’.

Mason et al. Understanding Biology textbook contained 22 images that were included for analysis. 
Ten (45.45%) of these images had an animal-only subject and 3 (13.64%) images had an animal focus. 
One (4.55%) image had a plant-only subject while there no images with a plant focus. Furthermore, 
only three (13.64%) images had a dual focus and five (22.73%) images fell into the ‘Other’ category.

For Morris et al. How Life Works, there were 28 images evaluated for this study. Among these 
images, nine (32.14%) images featured an animal only. Another nine (32.14%) images had an animal 
focus. Three (10.71%) images featured a plant only, while there no images that had a plant focus. 
Four (14.29%) images had a dual focus and three (10.71%) images were categorised as ‘Other.’

The OpenStax Biology 2e textbook contained 18 total images in the introductory chapter. Among 
these, ten (55.56%) featured an animal only, zero were focused on an animal, and three (16.67%) 
included only a plant, though the plant was not the focus. No images were focused on plants, had 
a dual focus, or contained a plant but focused on something else. Five (27.78%) had a focus other 
than plants or animals.

Genetics chapters

We also observed more images with an animal subject or animal focus within the genetics chapters 
of each textbook as compared to all other content categories (see Figure 3). Across the textbook 
sample, images with animal subjects comprised 56.02% of all images evaluated. Images with an 
animal focus comprised another 3.64% of all images evaluated. There were 136 images included 
from the genetics chapters of Campbell Biology. Out of 136 images, 79 (58.09%) had an animal-only 
subject and 9 (6.62%) images had an animal focus. There were 21 (15.44%) images that contained 
plant subjects only and no images with a plant focus. Only two images (1.47%) had a dual focus on 
plant and animals and 25 (18.38%) images were categorised as ‘Other’.

Figure 2. Analysis of the introductory chapter of each textbook according to the number of images devoted to plant and animal- 
focused labelling categories.
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Understanding Biology’s genetics chapters included 83 images that were evaluated. Thirty-seven 
(44.58%) images had an animal-only subject and 1 (1.20%) image had an animal focus. There were 
18 (21.69%) images with a plant-only subject and 1 (1.20%) image with a plant focus. One (1.20%) 
image had a dual focus and 25 (30.12%) images fell into the ‘Other’ category.

The genetics chapters of How Life Works contained 138 evaluated for this study. Among these 
images, 84 (60.87%) images featured an animal-only subject and 3 (2.17%) images had an animal 
focus. There were 27 (19.57%) images that contained plant subjects only and no images with 
a plant focus. Two (1.45%) images featured a dual focus and 22 (15.94%) images are categorised 
as ‘Other’.

The OpenStax Biology 2e textbook contained a total of 61 images in the genetics chapters and 39 
(63.93%) contained only an animal. Two (3.28%) images were focused on animals and 11 (18.03%) 
contained only plant images. None of the images had a plant focus, dual focus, or plant present with 
another focus, but nine (14.75%) were a different focus entirely (Other).

Evolution chapters

For the evolution unit of each textbook, more images contained an animal subject or animal focus 
as compared to all other content categories (see Figure 4). Across all textbooks, images with animal 
subjects comprised 61.84% of all images evaluated. Images with an animal focus comprised another 
16.91% of all images evaluated. There were 99 images evaluated from the evolution chapters of 
Campbell Biology. Of 99 images, 52 (52.53%) featured an animal-only subject and 19 (19.19%) 
images featured an animal focus. There were 17 (17.17%) images with plant-only subjects and one 
(1.01%) image with a plant focus. Seven (7.07%) images had a dual focus on plant and animals and 3 
(3.03%) images were categorised as ‘Other’.

The evolution chapters of Mason et al. Understanding Biology included 56 images that were 
evaluated. Thirty-six (64.29%) images had an animal-only subject and 9 (16.07%) images had an 
animal focus. Six (10.71%) images had a plant-only subject and no images with a plant focus. Five 
(8.93%) images contained a dual focus. No images were categorised as ‘Other’.

Figure 3. Analysis of the genetics unit of each textbook according to the number of images devoted to plant and animal-focused 
labelling categories.
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The evolution unit of How Life Works contained 52 images selected for evaluation. Among these 
images, 40 (76.92%) images had an animal-only subject and seven (13.46%) images featured an 
animal focus. One (1.92%) image contained a plant-only subject and 1 (1.92%) image had a plant 
focus. There were also 3 (5.77%) images featuring a dual focus.

The evolution chapters of OpenStax Biology 2e textbook contained a total of 54 images. 35 
(64.81%) of the images were only animals, while seven (12.96%) focused only on an animal. Seven 
(12.896%) images contained only plants, two (3.70%) were focused on plants, and three (5.56%) had 
a dual focus. There were none that had an entirely separate subject (Other).

Discussion

Our findings largely align with that of Schussler et al. (2010) and Link-Pérez et al. (2010) in that 
animal-only images represent the majority of the images across all four textbooks. This leads us to 
believe that each textbook is highly skewed towards animal images, potentially contributing to 
student PAD. This bias against plants is likely present in the majority of collegiate biology texts, as 
we chose these particular books to represent collegiate biology textbooks in general due to their 
popularity and widespread usage.

However, one significant way that our findings differ from that of Schussler et al. (2010) and 
Link-Pérez et al. (2010) is that plant-only images comprised the second most frequent images across 
all four textbooks as well. This implies that separating plants and animals happens often in 
introductory biology textbooks, which could point to a lack of ecological perspectives in which 
plants and animals are both components of larger systems the way they are in the natural world. 
Nevertheless, plant-only images were far less frequent in all four textbooks implying that they are 
still at a representative disadvantage that is likely contributing to PAD in intoductory biology 
courses. This idea aligns with that of Nichols (1919) who noted that the then-new general biology 

Figure 4. Analysis of the evolution unit of each textbook according to the number of images devoted to plant and animal-focused 
labelling categories.
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courses were, ‘responsible for the popular delusion that biology is the study of animals: that the 
words biology and zoology are synonymous.’

The lack of textbook examples utilising plants in the genetics and evolution chapters could 
contribute to misconceptions surrounding the genetic and evolutionary patterns of plants (e.g., 
plants do not evolve like animals do). This finding aligns with that of Wynn et al. (2017) and the 
warnings against teaching such misconceptions as posited by Hershey (2004, 2005). The propor-
tion of these images points to a need for introductory biology textbooks that have a more 
balanced representation between animals, plants, microbes, fungi, and other organisms in order 
to reduce PAD and give students and instructors a diverse representation of biological principles. 
This could also help improve instructional balance, as instructors are likely to follow the textbook 
when creating examples of these principles. Hershey (1993) noted the need for more plant 
representation in particular as plants are neglected in biology education. The continual neglect 
of plant material in college textbooks only further causes PAD as college textbooks influence what 
preservice teachers learn as undergraduates and, in turn, emphasise in their own classrooms 
(Hershey 2002).

Captions for animal images in the textbooks we examined were more likely to contain 
species names than images of plants which can impact student knowledge of plants and, in 
particular, knowledge of their species names. This aligns directly with the findings of Link- 
Pérez et al. (2010) who found that, in elementary biology textbooks, animal pictures often 
had more specific labels including species names, whereas plant pictures did not. Given that 
students tend to recall animal images significantly more often than those of plants, and that 
PAD is essentially a visual cognition problem caused by a tendency to notice things that are 
more human-like, our results indicate that mainstream college biology textbooks are only 
adding to PAD by not equally representing plants and other organisms (Schussler and Olzak 
2008; Yorek, Sahin and Aydin 2009; Balas and Momsen, 2014). It seems that university 
biology textbooks are still representative of the idea that the terms biology and zoology are 
synonymous and are still perpetuating PAD even into university level classes (Nichols 1919; 
Wandersee and Schussler 2001).

Finally, PAD has several facets that go beyond merely noticing plants to include students’ 
interest in plants, their attitude towards plants, and even their understanding of why plants 
are important to human affairs (Wandersee and Schussler 1999). If college biology textbooks 
fail to overcome the attentional aspect via equal representation of plants and other organ-
isms, it stands to reason that students will also be unable to improve the other aspects of 
their PAD. This can lead to a lack of functional botanical literacy, which is defined as 
understanding important plant-related socioscientific issues such as genetically modified 
organisms (GMOs), biofuels, and even climate change (Parsley et al. In Review). Textbook 
developers need to address the problem of PAD in their textbooks and ensure equal 
representation of plants and animals, especially regarding major themes of biology such as 
evolution and genetics.

Until then, instructors will need to bring in additional plant examples from outside of the main 
biology text to balance the representation of plants and animals in their class and help alleviate or 
prevent PAD in their students. Additionally, instructors can seek out extra pedagogical assistance from 
websites such as botanydepot.com. These websites can provide new and interesting ideas for how to 
teach topics, as well as visual aids for students. Local herbaria can also be utilised to demonstrate 
botanical topics in a more visual format. Herbaria have been declining rapidly along with the number of 
botany majors and courses at the university level (Crisci et al. 2020). Utilising these repositories of 
natural history is a creative way to both highlight their usefulness and add more visual enhancement to 
biology courses. Approaching seasoned botanists (especially those who are familiar or work with an 
herbarium) is a valid and important way to get assistance with the problem of PAD in biology textbooks. 
Many herbaria have even been digitised, so if there is not a local herbarium, many can be visited online 
(such as the Northern Forest Digital Herbarium, the Harvard University Herbaria, or vPlants).
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Lastly, if efforts to mitigate PAD in students are to be successful, efforts must be made to do the 
same in the instructors who teach biology. One of the best ways to avoid the perpetuation of PAD 
is to cut it off at the source and address the bias that many instructors have against teaching plants. 
One way to do this is through the development of workshops that can help instructors find 
a balance between plant and animal examples in their teaching. We recommend that instructors 
who have little to no background in plants pair up with seasoned botanists who will have more 
experience and knowledge of how to effectively teach plant examples in the classroom.
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