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ABSTRACT
The aim of this work is to explore common traits preferred across
different age groups of children to identify the appeal of book covers.
By analyzing visual attributes, visible objects, and implied stories
inferred from the covers, we can gain insights into the elements
that are most attractive to children up to 18 years old. These find-
ings can then contribute towards advancing personalization for
recommender systems for children through new means that do not
rely on historical data, seldom available for this user group.

CCS CONCEPTS
• Social and professional topics → Children; • Information
systems → Personalization.
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1 INTRODUCTION
Encouraging children’s reading habits is imperative for their cogni-
tive development [3] and for shaping their interests and values [27].
However, selecting the right book to foster these habits for a child
can be challenging due to many reasons, including the vast number
of options available [24], and the wide range of reading levels [12]
and interests among young readers [2, 23]. Recommender systems
(RS) could ease this task by offering appealing and suitable reading
materials [26]. Still, research focused on improving book RS as well
as popular RS available via common online platforms like Amazon
have mostly served adult populations [4]. In fact, to the best of
our knowledge, literature on RS that specifically cater to children,
particularly in the book domain, is very limited [5, 25, 26]. This is
primarily attributed to limited children’s user-system interactions
that could drive the design and enable assessment of such RS [7, 8].

Focused on the book domain, we argue that in order to improve
the design of RS for children, it is necessary to understand the
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factors that contribute to their appeal. Book covers play a crucial
role in attracting the attention of young readers [15, 29]. Previous
research has shown that book covers can impact the book’s appeal
to children of different ages [13]. While existing RS like Storytime
[20] have explored the use of images to elicit preferences, there is
still limited understanding of the specific factors that contribute
to the appeal of children’s book covers and how these factors may
differ as children mature. More so, existing book RS for children
[5, 25, 26] have yet to leverage cover information into their recom-
mendation algorithms. As a step towards advancing knowledge in
this area, we analyze the impact on children’s book cover appeal
of three specific aspects of covers: visual attributes, visible objects,
and implied story, in relation to different age groups. Specifically,
we examine the appeal of covers to children in five age groups: 0-3,
4-6, 7-9, 10-12, and 13+. These groups were chosen as they align
with the reading developmental stages that children go through
as they grow up [1, 10, 33]. For our initial exploration, we rely on
93,662 books from the Goodreads [36, 37] and Open Library [17]
datasets, which provide metadata and cover images on a diverse
sample of children’s books from different authors, publishers, and
eras, ensuring that the results of the study can be applied to a wide
range of children’s book covers.

With this work, we provide insights that can ultimately influence
the design of children’s book RS by identifying key factors that
contribute to book cover appeal for different age groups. Lessons
learned yield representative heuristics that can facilitate the rep-
resentation of young users, leading to performance improvements
in terms of accuracy and, more importantly, personalization while
respecting their privacy and avoiding intrusive data collection [30].
We posit that this preliminary study can help lay the groundwork
for more effective and responsible RS for children’s books, ulti-
mately promoting a lifelong love of reading. In the interest of trans-
parency and reproducibility, we make the scripts used for this work
publicly available: https://github.com/Yessin111/Childrens-Book-
Cover-Analysis.

2 EXPERIMENTAL SET UP
In this section, we describe the user groups, data, and perspectives
considered in the experiments conducted for exploration purposes.

Age groups. Inspired by the empirical explorations presented
in [19, 32], we consider the appeal of covers among children of
different ages, as similarities and differences are likely to be more
pronounced than those between individual ages. We define 5 age
groups based on the stages of reading development, where the
emphasis of reading education shifts from basic language skills for
the youngest children to more complex concepts for older children.
For books in the 0-3 age group the focus is on building pre-reading
skills, such as object recognition and language development [10].
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Children at ages 4-6 focus on developing basic language skills [33].
At ages 7-9, the emphasis shifts from learning how to read, to
reading to learn. From this point forward, the ability to understand
and interpret texts becomes a key focus in reading education [33].
At ages 10-12, the focus shifts to utilizing the information and
knowledge gained from reading texts and books in other contexts
[33]. Young adult literature is typically intended for readers aged 13-
15 and older and is characterized by themes relevant to adolescents,
such as relationships, identity, and finding one’s place in the world
[1].

Data description. The data considered for this exploration con-
sists of 93,662 unique children’s books from various English publish-
ing authors, spanning a range of reading levels from early childhood
to young adult (see Table 1). For this, we turn to the Goodreads
dataset (GR) [36, 37], specifically books1 in English from the “chil-
dren" and “young adult" datasets, with each including metadata like
the title, author, country of publishing, age, and cover. Aware that
book covers can vary across editions of the same book, whenever
possible, we also examine book covers from Open Library [17].

Table 1: Distribution of books across age groups. Note that
in most cases, books are associated with an age-range, not a
singular age/grade and therefore can be associated withmore
than one of the age groups we consider in our exploration.

0-3 4-6 7-9 10-12 13+ Overall
Goodreads 21,351 44,966 43,575 30,801 21,639 162,332

Open Library 16,830 36,556 35,762 24,909 16,484 130,541

Perspectives of exploration. Below we briefly present the
aspects considered for analysis purposes.

Visual attributes. We consider five lenses for this aspect: domi-
nant color, brightness, colorfulness, contrast, and entropy [19]. To
determine the dominant color of each cover image, we use k-means
clustering with k=9, to account for the 7 colors of the rainbow plus
black and white. To measure the brightness, we convert the images
to grayscale and take the average pixel brightness. The colorfulness
is calculated using the colorfulness metric methodology described
in [9]. For finding the contrast, we take the Root Mean Square con-
trast definition. The entropy is calculated using Shannon’s entropy
[31]. Entropy, in the context of cover images, is a measure of the
disorder of the colors in the image. We normalize all of these calcu-
lated visual attributes to a range of [0,1] to make it easier to analyze
the values.

Object detection. Objects within a cover can provide visual cues
about the story and characters within the book and can influence a
child’s interest and perception of the book. Thus we probe objects
automatically extracted from book covers. However, identifying
objects is not a trivial task, as detection algorithms are typically
trained on a small number of detection classes such as animals, ve-
hicles, or people [18]. To identify objects on covers, we employ the
OWL-ViT detection model [21], a zero-shot classification model, to-
gether with 545 labels from Google’s ImageNet dataset [14], which

1Books that fall into more than two age groups are deemed as having too broad of a
range and are excluded from this exploration.

includes a wide range of object classes. This allows for the identi-
fication of common objects with a probability in a range of [0,1],
without the need for training data on those objects2.

Implied story. The analysis of the story conveyed by a book cover
goes beyond just identifying objects, as it also examines characters
and emotions. For this, we use the BLIP captioning model [16], a
state-of-the-art machine learning tool that generates descriptive
captions for images. One of the strengths of such a model is its
ability to understand the context between objects in an image. This
allows it to generate more detailed and accurate captions, as it is
able to describe not only the objects present in the image but also
their relationships and interactions with one another.

To illustrate the type of information we infer from book covers
to inform our exploration, consider the cover of the book “Lost and
Found" by Oliver Jeffers (extracted from the GR dataset), intended
for children aged 0-3 in Figure 1.

The values for the extracted visual attributes are: (i) Dominant
Color: (13, 172, 226), (ii) Dominant Color Name: blue, (iii) Brightness:
0.615, (iv) Colorfulness: 0.519, (v) Contrast: 0.171, (vi) Entropy: 0.955.

Figure 1: “Lost and Found" by Oliver Jeffers.

The domi-
nant color
–blue– is fit-
ting as the
sea is the
largest part
of the cover.
The bright-
ness and col-
orfulness val-
ues reflect
the presence
of both darker
and lighter
colors in the
image, such
as the sea
and the de-
picted char-
acters respectively. The contrast value is relatively low, which is
appropriate given that the image features a lot of the same color.
The illustrator made use of a lot of static, meaning small variations
in color, which is reflected in the high entropy value.

The objects extracted using the object detection are: (i) Poster:
0.617, (ii) Penguin: 0.485, (iii) Clothing: 0.442, (iv) Person: 0.428,
(v) Hat: 0.274, (vi) Paddle: 0.267, (vii) Canoe: 0.24, (viii) Mammal:
0.202.
The penguin, which is a key feature of the cover, is detected with
a high confidence score. Additionally, the person is also detected
with a high confidence score. It is also notable that the upside-down
umbrella, functioning as a boat, got split into both a paddle and
a canoe, which is an acceptable result for the purposes of object
analysis.

The emerging implied story is: “A picture of a penguin and a man
in a boat". The caption –which captures the essence of the image

2Using sample covers, we set a threshold for certainty=20%, i.e., we treat as objects
those that the model is able to detect with a probability of 0.2 or higher.
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and its contents– identifies the key elements present in the image. It
is worth noting that, again, the upside-down umbrella functioning
as a boat was correctly identified as one, which is beneficial for
analysis purposes as it allows for a more clear understanding of the
objects present in the image and their relationship to each other.

This example evinces the potential of looking into covers from
different perspectives in order to discern aspects that can inform
the appeal of book covers for children in varied age groups.

Analysis. We conduct several investigations in order to explore
the prominence, or lack thereof, of certain visual elements present
in covers of books intended for specific user groups. Specifically,
we juxtapose the results obtained for the aspects associated with
each of the aforementioned perspectives of exploration.

For the trends of dominant color usage, we compute and compare
the proportion of all dominant colors present per age group. For the
remaining visual attributes, we examine any significant differences
in their values across the different age groups and sources using
a one-way ANOVA with 𝑝<0.05 to determine whether there is a
significant difference in the means of the attribute values for each
age group and then using a Turkey HSD test to identify which
specific pairs of age groups show significant differences.

In the case of object detection, we seek to understand the preva-
lence and relationship between objects found on children’s book
covers across different age groups: frequency analysis, which shows
us which objects are more prominent in each age group, correlation
analysis using Pearson correlation, which enables us to identify
which objects are indicative of each age group, and co-occurence
analysis using point-wise mutual information, which identifies
which objects frequently appear together on covers within the
same age group. Lastly, to analyze the content of the captions in
the children’s books, we use Named Entity Recognition (NER) and
Topic Modeling. The former is a method for extracting information
and identifying entities such as people, organizations, and locations
from unstructured text. The latter is a technique for identifying
underlying topics or themes within a corpus of text. We used the
spaCy [11] library for NER and Gensim [28] library for Topic Mod-
eling. We also report on statistically significant shifts in patterns
or themes present in the text data across different age groups us-
ing chi-squared tests with 𝑝<0.05, which are able to quantitatively
measure this association.

3 RESULTS AND DISCUSSION
Here, we present the outcomes emerging from the conducted empir-
ical investigations. Unless mentioned otherwise, significant trends
remain, regardless of the source of the covers considered.

3.1 Visual attributes
We discuss salient findings pertaining to visual attributes. We illus-
trate results for dominant colors in Figure 2; we capture results for
the remaining attributes in Figure 3.

Dominant color. We first consider the distribution of dominant
colors for the cover images. White and black were the most com-
mon colors, making up 50-70% of all covers. As age increases, the
percentage of white decreases and the percentage of other colors
tend to increase. The shift was statistically significant for every

(a) Goodreads

(b) Open Library

Figure 2: Dominant colors of cover images per age group.

dominant color in each age group. Orange, yellow, and blue percent-
ages decrease as age increases, while green and violet percentages
increase. Red and indigo show an upward trend until age groups 7-9
and 10-12 on both sources, after which it decreases again. This sug-
gests that red and indigo may be particularly appealing to children
in the middle age groups.

Brightness. There are significant differences in brightness be-
tween all age groups, with each group being overall darker than
its predecessor. We posit that this could be due to the assumption
that older children relate more to mature and serious themes [34],
which are often conveyed through darker colors.

Colorfulness. The colorfulness of book covers decreases with
statistical significance with every age group, implying that book
covers aimed at younger children tend to be more vibrant and
colorful in comparison to those aimed at older children. This could
reflect a preference for more mature and realistic themes.

Contrast. The contrast attribute shows significant differences
in book covers across all age groups, except for ages 0-3 and ages
4-6 for both Goodreads and Open Library, and ages 0-3 and 13+,
4-6 and 13+, and 7-9 and 10-12 for Open Library. There may be a
trend towards increasing contrast in book covers as the age group
increases. Further research is needed to confirm this trend and to
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(a) Brightness (b) Colorfulness

(c) Contrast (d) Entropy

Figure 3: Visual attributes of cover images per age group.

determine the precise nature of the relationship between contrast
and age group.

Entropy. The entropy values among different age groups were
statistically significant, with an increase in entropy from ages 0-3 to
ages 7-9 and a decrease from ages 7-9 to ages 13+. This is the only
attribute where we observed both statistically significant increases
and decreases, suggesting that there is some complex relationship
between age and entropy in book cover images.

3.2 Object detection
We discuss findings arising from frequency and correlation analysis
of the objects detected. Due to the large number of labels used for
the zero-shot detection, we focus on discussing the most notable
results.

Frequency. The most prominent objects detected on the book
covers across all age groups and sources were “poster", “clothing",
“person", and “face". The prevalence of objects associated with peo-
ple indicates that human figures are common elements on children’s
book covers. In the younger age groups (0-3 and 4-6), nature and
toys were commonly represented. However, as the age group in-
creases, there is a shift towards people-related objects and personal
accessories. The trend continues in the 10-12 and 13+ age groups,
where there is a stronger focus on people and their personal fea-
tures and belongings. This suggests that illustrations of animals and
nature are more common in books aimed at younger readers, while
books aimed at older readers are more likely to feature illustrations
of people.

Correlation. Although correlation analysis showed weak corre-
lations between the frequency of objects on book covers and age
groups, the objects observed in the analysis align with the patterns
seen in the frequency analysis. For the youngest age group, objects
related to animals and toys had a positive correlation, while for the
oldest age groups, objects related to people had a positive correla-
tion. The negative correlation for both ends of the age groups was

inverse to each other, indicating that there is a negative correlation
between objects related to people for the youngest age group and a
negative correlation between objects related to animals and toys
for the oldest age group. Therefore, while objects on covers cannot
be used to accurately predict the targeted age group, the objects
present align with the observed patterns in age group preferences.

Co-occurence. The study found some trends in the types of
objects commonly found together on book covers for different age
groups, but these do not provide clear insights into the appeal of
books to different age groups. For instance, we see a shift from
toilet-related objects to food and kitchen-related objects as age
increases, but these results are anecdotal, i.e., not in line with the
findings from the frequency and correlation analysis.

3.3 Implied story
We discuss salient findings resulting from NER and topic modeling
analysis on yielded implied stories.

Named Entity Recognition. Outcomes from NER analysis
show significant differences in the frequency of mention of vari-
ous entities across age groups. Labels such as animals, numbers,
dates, locations, nationalities, organizations, people, and time were
mentioned less as age increased, while events, languages, laws,
locations, money, percentages, and works of art did not vary signif-
icantly with age. These trends suggest that books aimed at older
age groups may be more focused on serious topics and have less
visually rich covers. These findings were consistent across both
datasets, indicating that they may be generalizable to other book
cover captions as well.

Topic Modeling. We examined 10 distinct topics computed on
all books over all age groups, each associated with a set of words
that suggest the subject matter of the topic. We found that there
was a significant variation in the distribution of captions across
the different age groups. For example, the topic associated with the
words “children", “playing", and “summer" is more prevalent in the
age groups 0-3 and 4-6, with a decrease in frequency as age increases.
This finding is in line with the set of words identified before, which
suggested that this topic is related to themes of childhood and social
interaction. Similarly, the topic associated with the words “dog",
“cat" and “dragon", but also “girl," “pink," “little," and “dress" is also
more prevalent in the age groups 0-3 and 4-6, with a decrease in
frequency as age increases. This is in line with the themes associated
with this topic: animals and young femininity.

The topic associated with the words “beach", “couple" and “heart"
is more prevalent in 10-12 and 13+ age groups, with a decrease in
frequency as age decreases. This aligns with our expectations, as
the topic is related to themes of relaxation and romance. The topic
associated with the words “young", “boy", “school" and “field" is
more prevalent in the 7-9, 10-12 and 13+ age groups, with a decrease
in frequency as age decreases. These findings are anticipated, as
children in this age group are able to relate to the themes of growing
up, school, and education.

Overall, the distribution of captions across topics changes with
age, offering insights into how the themes and content of the covers
change with the intended audience.
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4 CONCLUDING REMARKS, LIMITATIONS,
AND FUTUREWORK

With this work, we aimed to understand the appeal of book covers
to children of different ages. We focused on three aspects of covers:
their visual attributes, depicted objects, and implied story. By ana-
lyzing a large dataset of covers, we identified trends and patterns
that may be of interest to researchers and practitioners in the field
of children’s literature.

One limitation of this research is the age group boundaries that
were used. While we attempted to divide the ages of the books
into five distinct groups, there may still be some overlap in the
reading preferences of children within these groups. In the future,
we would like to explore more fine-grained age groups or different
ways of grouping the books. Another limitation is that we used
zero-shot object detection for detecting objects on covers. While
using zero-shot object detection allows us to identify a wide range
of objects on cover images, it is not as accurate as using a regular
form of object detection that is trained specifically on objects often
present in children’s book covers. We will consider collecting and
labeling a large dataset of children’s book covers to train a more
specialized object detection algorithm to mitigate any errors caused
by the model.

Traditionally, RS leverage content-based features, such as read-
ability levels, topics, or ratings, or historical user-system interac-
tions to provide recommendations. We argue that the results of
this initial exploration can have direct implications for the design
of RS, in terms of leveraging reported trends and patterns as part
of new recommendation algorithms that could then produce more
personalized book recommendations for children without requir-
ing the often historical data in the form of ratings and interactions
required to train and deploy RS.

By taking into account the age-appropriate visual attributes of
book covers, such as brightness and colorfulness, a RS can provide
recommendations that match the preferences of younger readers.
Similarly, understanding which objects on book covers are more
appealing to certain age groups can help prioritize books with those
objects for corresponding age groups, resulting in more accurate
and effective book recommendations. Moreover, incorporating vi-
sual features into RS could contribute towards addressing the cold
start problem, where the system struggles to provide accurate rec-
ommendations for new users or items. By recommending books
based on visual attributes, a RS can provide personalized sugges-
tions even for new users or items. Lessons learned discussed in this
work also highlight the need to balance personalization and pri-
vacy. By leveraging visual features of book covers, a RS can provide
personalized book recommendations without collecting sensitive
user data. This can lead to a more privacy-preserving RS that still
provides an accurate and personalized experience for users.

Overall, our study provides insights into the factors that influ-
ence the appeal of children’s book covers to different age groups.
However, there are many areas for future research to explore. Fur-
ther studies could examine the impact of different design elements
on children’s reading experiences by incorporating additional fea-
tures of book covers (e.g. font [22] or layout) into the analysis to
better understand how these elements contribute to the appeal of a
book cover. Additionally, this work could also serve as a template

for cover exploration for other user groups like adults [38] or even
be applied to completely different areas of recommendation, such
as analyzing the appeal of movie [6] or music album covers [35].
We hope that this research will serve as a starting point for these
further investigations and ultimately lead to the development of
more effective and personalized recommendation systems.
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