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We examined the linguistic features of texts in twenty-nine picture books used in an
early English as a Foreign Language program in China. We used the software CLAN to
automatically extract indices of linguistic complexity that are typically used to analyze
child-directed speech and tested if these indices aligned with expert judgments on
the books’ appropriate grade level (Kindergarten-1 through Kindergarten-3). Of the
eleven characteristics investigated, seven showed significant between-level differences
with moderate effect sizes. Across all levels, vocabulary complexity (i.e., frequency of
types, frequency of tokens, and vocabulary diversity) and syntactic complexity (i.e.,
number of verbs per utterance, number of Developmental-Sentence-Scoring-eligible
utterances, mean length of utterance in morphemes, and total number of non-zero
morphemes) increased, also in alignment with experts’ judgments. Indices of child
language development can thus be used to estimate text complexity in picture books.
The study contributes to a better understanding of children’s picture book difficulty
and has methodological implications for investigating text characteristics for very young
children learning English as a foreign language.

Keywords: linguistic features, children’s picture book, text complexity, English as a foreign language, leveled
reading

INTRODUCTION

The term “children’s picture books” generally refers to books in which texts and illustrations
complete one another to tell a story, usually targeting beginning readers (Al Khaiyali, 2014).
Picture books are widely used in at-home reading and in early childhood classrooms to promote
early language competence. With a wide range of topics, easy-to-understand illustrations and
interesting contents, picture books can create a rich, context-based learning environment that
encourages more teacher-child interaction and leads to deeper levels of conversation (Massey,
2004; Wasik et al., 2006). Mounting evidence suggests that training kindergarten teachers on
book reading, such as choosing appropriate books or showing connections between the book and
children’s own experiences, can help teachers promote children’s expressive vocabulary (Biemiller
and Boote, 2006; Hindman et al., 2012), phonological awareness (Elmonayer, 2013), narrative skills
(Zevenbergen et al., 2003) and social-emotional development such as formal schooling readiness
skills (Cutler and Slicker, 2020).
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With the development of readers’ capacities, texts should
become more complex (Snow, 2002). Researchers have argued
that reading materials can provide readers with comprehensible
input and facilitate learning of a language when they are based
on the concept of the zone of proximal development proposed by
Vygotsky (Berendes et al., 2017). That is, what the readers can do
with some adult or expert guidance. Conversely, inappropriate
reading materials that demand too much or too little can
negatively affect the reader’s experience; they may be either too
boring or too difficult and therefore lead to frustration (Rog and
Burton, 2001). Experiences of failure at the very beginning of a
reading stage can lead to later reading difficulties (Snow et al.,
1998) or a reluctance to read independently (Torgesen, 2004).

Therefore, matching appropriate reading books to different
ages and school grades has attracted the attention of numerous
researchers (Rog and Burton, 2001; Sierschynski et al., 2014;
Denning et al., 2016) and educators. According to Hiebert (2009),
text difficulty is usually determined using either expert judgment
or readability formulas. In addition, the criteria upon which
picture books are leveled are unclear and vary from publisher
to publisher. Nor are the characteristics of texts at each level
described (Rog and Burton, 2001).

Shared book reading during the preschool years not only
connects to young children’s literacy development but also
future school success (Wasik et al., 2006; Beauchat et al.,
2009). Zevenbergen and Whitehurst (2003) found that dialogic
reading of picture books had substantial positive effects on
preschool-aged childrens’ language development and literacy
skills. Similarly, picture book reading has been found to improve
vocabulary and syntax development not only in first language
(L1) contexts, but also in English as foreign language (EFL)
contexts. Hui et al. (2020) found that picture book reading led
to significant vocabulary and syntax development (in English) in
young Chinese EFL children. Picture books have also been found
to be useful materials for explicit reading comprehension, which
is an effective language teaching method.

Although the matching of linguistic complexity and grade
levels has been studied extensively (e.g., Rog and Burton, 2001;
Mesmer et al., 2012; Berendes et al., 2017; Holster et al., 2017;
Jin et al., 2020), relatively few studies have targeted Chinese
EFL students and even fewer targeted very young EFL children’s
reading materials. Jin et al. (2020) analyzed a large corpus of
teaching materials for Chinese EFL students from Grade 1 to 12.
They found that five syntactic complexity measures generated
by the Syntactic Complexity Analyzer (SCA, Lu, 2010) were
predictive of grade levels. However, it is unclear whether these
linguistic indicators are also applicable to the prediction of the
difficulty level of children’s picture books.

The objective of this manuscript is to conduct an analysis of
texts in children’s picture books to examine the characteristics
of the texts and their relationship with holistic expert
judgments of difficulty.

Text Complexity Versus Text Difficulty
When speaking about grading reading materials, a distinction
should first be drawn between the concepts of “difficulty” and
“complexity.” Using the terms synonymously conflates causes

and effects (Mesmer et al., 2012). “Difficulty” emphasizes the role
of the reader, pointing to their perceptions and judgments of the
text, whereas “complexity” better represents the nature of texts,
such as sentence structure and vocabulary (Sierschynski et al.,
2014). The same text can be of different levels of difficulty due to
a number of reasons such as readers’ varying reading experience,
prior learning, or knowledge of concepts. In such cases, text
difficulty is usually measured qualitatively since the method
recognizes books as an integral structure. Studies that focus on
text complexity, on the other hand, investigate characteristics
of the text itself (e.g., syntactic complexity and lexical coverage
or density) and commonly resort to computerized systems. The
two concepts are intertwined in the study of leveled reading, but
the current study analyzes “text complexity,” since the aim is to
investigate the relationship between linguistic characteristics of
texts and their recommended grade level.

Quantitative Approaches of Assessing
Text Complexity
Due to advances in technology, early analyses of text complexity
that describe in detail text features that would likely affect
text comprehensibility or readability have now been replaced
by quantitative approaches (Hiebert and Pearson, 2014).
Computational tools, such as Lexile (Smith, 1989) and ATOS
(School Renaissance Institute, 2000), differ in terms of the indices
used to compute reading complexity but mainly rely on word and
sentence lengths and numbers of modifiers to measure syntactic
complexity (Hiebert, 2002), and word familiarity or word
difficulty to assess semantic complexity. The user-friendliness
of these tools makes them popular among many parents and
teachers. However, because these tools take only a few text
features into account, some researchers have voiced the concern
that these tools tend to underestimate text comprehensibility
(Crossley et al., 2011).

Furthermore, other disciplines such as psycholinguistics have
meanwhile made progress in better understanding the cognitive
process of reading. Their insights are used in newer readability
analysis approaches and include additional factors that affect
comprehensibility such as textual cohesion. Typical examples are
Coh-Metrix (Graesser et al., 2004) and TextEvaluator (Sheehan
et al., 2014). By including more variables that go beyond
surface features, these new systems permit a more thorough
and productive analysis of texts (Hiebert and Pearson, 2014).
However, none of these metrics specifically relate to or provide
explanations of what constitutes text complexity in early grades
(Fitzgerald et al., 2015). Different from more experienced readers
like teenagers and adults, young children are still in the process of
acquiring language, and what is complex and difficult for young
children is likely to be different.

In this manuscript, we explore the idea of using linguistic
indices that have been specifically developed for analyzing
children’s language development as a tool for assessing text
complexity in books aimed at young children. Specifically, we
are using the software CLAN (Computerized Language Analysis;
MacWhinney, 2000) to automatically extract several linguistic
measures that are used in language acquisition research. In the
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FIGURE 1 | Means of the Z-score of syntactic indicators among the three levels. TOT_UTT, total number of utterance; DSS_utts, number of DSS-eligible utterances;
Verbs_Utt, number of verbs per utterance; MLU_words, mean length of utterance in words; MLU_morphemes, mean length of utterance in morphemes; Total
Non-zero Mors, total number of non-zero morphemes.

next section, we explain why CLAN is particularly suited for
our purposes, and provide an overview of the most important
measures that can be extracted using CLAN.

Linguistic Indicators of Children’s
Language Development
Computerized Language Analysis is a powerful annotation tool,
and a free and fully automatic analyzer for written texts. It
uses a specific transcription and coding system (CHAT, Codes
for the Human Analysis of Transcripts) that makes it possible
to analyze playful words and neologisms that cannot be read
by other text analyzers, such as “slapity,” “clickity,” “tippity,”
and “creepity,” which are often found in children’s books (in
this case “Dancing Feet!”). More importantly, it can be used
to automatically analyze a broad range of linguistic features to
calculate indicators of children’s early language development that
child language researchers have developed over the years.

These indicators can be roughly put into two groups: those
pertaining to the syntactic complexity of utterances, and those
pertaining to the complexity of children’s vocabulary. Already
in, Nice (1925) suggested that “average sentence length may well

prove to be the most important single criterion for judging a
child’s progress in the attainment of adult language” (p. 378). In
1973, Brown introduced the mean length of utterance (MLU) as
a measure. MLU is used for longitudinal (intra-individual) and
cross-sectional (inter-individual) comparisons in monolingual
language acquisition, for cross-linguistic studies, for comparison
of bilinguals’ early language development (Marchman et al.,
2004; Meisel, 2011; Thordardottir, 2011; Hoff et al., 2014).
There are two MLU measurements: MLUw refers to the mean
number of words in a child’s utterances, whereas MLUm refers
to the mean number of morphemes in a child’s utterances.
Morphemes are the smallest units in language that carry a
meaning. For example, the sentence “He sings loudly” has five
morphemes (he, sing, -s, loud, -ly), but only three words. Both
MLUw and MLUm are reliable estimates of children’s language
development (Rice et al., 2010; Wieczorek, 2010) and they are
highly correlated (Hickey, 1991; Parker and Brorson, 2005). It
has also been argued that they are indicators of different aspects
of language development. Specifically, it has been suggested that
MLUw provides information about the lexicon, whereas MLUm
is an indicator of morphosyntactic development (Wieczorek,
2010). Further measures for syntactic complexity available in
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CLAN are the Number of Verbs per Utterance (Verbs_Utts),
the Number of DSS-eligible Utterance (DSS_Utts; see below for
a definition) and the Total Number of Non-zero Morphemes
(Total_non_zero_mors).

The Number of Verbs per Utterance is seen as an indicator
of language development, because nouns are considered to be
easier to learn (Ellis and Beaton, 1993). Conversely, if a text
contains more verbs, it would be expected to be more difficult.
The indicator is calculated by dividing the number of verbs by
the total number of sentences in text.

DSS stands for Developmental Sentence Score, and is based
on a developmental scale of syntax acquisition (Lee and Canter,
1971). A child’s ability to formulate “advanced” sentences is
estimated by assigning weighted scores to certain elements (e.g.,
pronouns, conjunctions, WH-questions). Elements that typically
occur later in children’s language development are given higher
scores. For example, a score of 1 is given for the use of pronouns
like it, this, and that, but a score of 5 for pronouns like anything,
every or everybody. In a similar vein, the Total Number of Zero
Morphemes counts the number of Brown (1973) 14 grammatical
morphemes, which include things like regular past tense (e.g.,
he jump-ed) or plural -s (e.g., car-s). In other words, it shows
how many “advanced” grammatical morphemes occur in a child’s
speech (or a text).

Next to syntactic complexity, vocabulary diversity is
considered a crucial measure of child language development
(MacWhinney, 2000), and has been widely studied in both first
and second language development (Malvern et al., 2004). It is
also considered to be an important measurement of language
input for young children (Huttenlocher et al., 2010; Montag,
2019), and therefore a strong candidate for an indicator of text
complexity in books aimed at young children. Widely used
measures include the Number of Different Words (NDW),
Type-Token Ratio (TTR) and Diversity (D or VocD). NDW
is the most direct measurement of lexical diversity due to its
simple calculation (Miller, 1991). TTR refers to the number of
unique words (types) to the overall number of words (tokens).
TTR is used to examine the extent to which the vocabulary
use is repetitive and thus reflects changes over age (Klee,
1992). The closer the TTR is to 1, the more lexical variety
a segment of speech (or a text) has; the smaller the TTR is,
the more repetitive a text is. D (Malvern and Richards, 1997),
or VocD in CLAN, is similar to both NDW and TTR, but
is said to be less affected by differences in sample size than
NDW and TTR (McKee et al., 2000). The higher VocD, the
more lexical variety a text has. In addition to these indices,
CLAN also allows extracting other basic summary measures,
such as the total number of utterances or the total number of
different word types.

Needs of Chinese Preschool Children’s
English Learning
Young EFL children in China are a highly heterogeneous
group and there is large individual variation in these children’s
L2-English development. Sun et al. (2015) documented the
development of four Chinese preschoolers (age three) in an

English classroom and found that they progressed from non-
verbal to verbal phases at different times, and that their progress
was related to their temperament characteristics. English is
officially taught as a school subject starting from 3rd grade in
China. Before 3rd grade, English instruction is informal and
organized in homes and private kindergartens (Chen et al.,
2020). Sun et al. (2016) investigated 71 kindergarteners learning
English in China and found that the individual variation in
their English proficiency measures was largely explained by
external factors such as English use at home or the quantity of
instruction at school.

The Present Study
In this study, we automatically extract well-established measures
of children’s language development from young children’s picture
books in order to determine if these measures align with
experts’ rating of the books’ difficulty. More specifically, we are
focusing our analysis on picture books for children learning
English or learning through English in kindergartens in China.
Kindergartens in China means full-day programs (government-
licensed, private, or community-based) providing childcare and
educational preparation for children from 3 to 6 years of age. To
be specific, the study aims to address the following question:

How predictive are automatically generated linguistic
indicators of expert leveling of picture books?

MATERIALS AND METHODS

The Early Childhood English as a Foreign
Language Picture Book Curriculum
This study uses materials used in a kindergarten EFL curriculum
that has been implemented across 25 private kindergartens in a
metropolitan city in China. This curriculum is designed around
30 picture books that are either classic (i.e., The Very Hungry
Caterpillar) and/or widely available (i.e., Brown Bear Brown Bear
What Do You See) and/or closely related to children’s immediate
life experience (i.e., The Last Day of Kindergarten). These picture
books were also chosen to help children gain rhyme awareness or
other types of phonological awareness, as phonics instruction is
an important part of the kindergarten curriculum.

The books were assigned to three levels by 30 experienced
early childhood educators. These experts included professors of
early childhood education, researchers at various institutions,
officers at early reading-related non-governmental organizations
(NGOs), and postgraduate students in Early Childhood
Education (ECE) programs at universities in China and the
United States. These experts had experience in working with
young Chinese children (0–6 years old) and their families.
Twenty percent (20%) of the experts had more than 10 years of
ECE work experience; 50% of the experts had than 5–10 years
of ECE work experience; and 30% of the experts had 3–5 years
of ECE work experience. Among them, 60% had direct teaching
experience in preschools and kindergartens, 20% worked
at universities, and 20% of the experts worked with young
children’s parents and families.
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FIGURE 2 | Means of the Z-score of vocabulary indicators among the three levels. FREQ_types, total number of different words; FREQ tokens, total number of
words; FREQ_TTR, type/token ratio; NDW_ 100, number of different words in the first 100 words; VocD, vocabulary diversity (D).

The selection criteria for the 30 books included
appropriateness (i.e., the book is written and illustrated for
children aged 3–6 years old and is connected with children’s
life experience), literary quality (i.e., the book is written using
language that is easy to understand for children and encourages
comprehension and creativity), interactivity (i.e., the book has
playful elements that allow interaction between children and
the book and between children and teachers), artistic quality
(i.e., the book uses symbolic messages that connect the story
and children’s cognitive and emotional growth), and availability
(i.e., the books need to be imported and easily purchased from
the Chinese book market). Ten books were categorized as first
grade in kindergarten (K1) (e.g., Brown Bear, Brown Bear What
Do You See), ten as second grade (K2) (e.g., Pete the Cat-I Love
My White Shoes), and ten as third grade (K3) (e.g., The Day the
Crayons Quit). When categorizing the books into three grade
levels, experts used holistic assessment and considered a range of
other factors. These included book length, vocabulary familiarity,
sentence structure, and illustration support, and a balanced mix
of the content area support (i.e., health, language, science, and

art). The educators read the recommended reading ages of each
of these books, but this information did not decide the category.
Judges were more concerned about the books’ appropriateness
for each grade level according to their experience. For example,
The Going to Bed Book was most appropriate for K1 because
daily routine is an emphasis in the first year of kindergarten.

The expert judges were provided with Fountas and Pinnell
Guided Reading Text Level Descriptions for level A, B, and
C (Fountas and Pinnell, 1996) when leveling the books1.
Characteristics for level A include “simple factual texts, animal
fantasy and realistic fiction; text and concepts highly supported
by pictures; and almost all vocabulary familiar to children.”

1The expert judge uses the descriptions to assign a book to a level. The guide
operates like a holistic rubric. The judge assesses the book on several dimensions
(for example, genre, text structure, themes and ideas, illustrations, and print
features) and uses all the feature-by-feature information to reach a final judgment
that the book should be assigned to K1, K2, or K3. As suggested in the guide,
“scores or levels are not reported for individual categories; instead, the different
categories or scales inform the holistic rating” (Fountas and Pinnell, 2009, as cited
in Pearson and Hiebert, 2014, p. 164).
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TABLE 1 | One-way analysis of variance summary table comparing different
difficulty levels in regard to the eleven linguistic characteristics.

Index F Sig ω2 1 − β Post hoc

Total_utts/TOT-UTT 3.11 0.062

Total_non_zero_mors 9.22** 0.001 0.42 0.70 1 < 2; 1 < 3

FREQ_tokens 12.26** 0.000 0.50 0.80 1 < 2; 1 < 3

FREQ_types 7.59** 0.003 0.37 0.59 1 < 2; 1 < 3

FREQ_TTR 0.09 0.911

MLU_Words 2.88 0.075

MLU_Morphemes 4.13* 0.028 0.25 0.37 1 < 3

NDW_100 1.42 0.263

VocD 6.81** 0.004 0.35 0.57 1 < 3

Verbs_Utt 4.26* 0.026 0.25 1 < 2; 1 < 3

DSS_Utts 8.89** 0.001 0.41 0.67 1 < 3

TOT_UTT, total number of utterance; Total Non-zero Mors, total number of non-
zero morphemes; FREQ_tokens, total number of words; FREQ_types, total number
of different words; FREQ_TTR, type/token ratio; MLU_words, mean length of
utterance in words; MLU_morphemes, mean length of utterance in morphemes;
NDW_100, number of different words in the first 100 words; VocD, vocabulary
diversity (D). Verbs_Utt, number of verbs per utterance; DSS_utts, Number of
DSS-eligible utterances. *p < 0.05, **p < 0.001.

Characteristics for level B include “two or more lines of text
on each page; repeating language patterns; very familiar themes
and ideas.” Characteristics for level C include “two to five
lines of text on each page, many sentences with prepositional
phrases and adjectives, amusing one-dimensional characters.”
Any disagreement among the experts was resolved by discussion
among the group. Out of the 30 picture books, we selected 29 (see
Appendix 1) to perform our analysis. One book (The Snowman)
has no words in it. In total, 9,687 words were included and the
number of words in each book ranged from 50 to 1,406.

Transcription and Index Extraction
At the beginning of the analysis, the 29 picture books were
transcribed into CHAT format according to a set of standard rules
specified in CLAN and sorted in terms of their grade levels. After
the transcription, the command of MOR (short for morphology)
was run to assign morphological and grammatical features to
the words. Next, the command of KIDEVEAL was executed
to calculate several indices that are important indicators of
children’s language development (MacWhinney, 2000), including
traditional measurements such as Mean Length of Utterance
(MLU) and Type/Token Ratio (TTR) (See Supplementary
Material for a sample chat file).

In total, KIDEVAL generated 42 different indices. However,
not all of these could be used. For example, some texts
do not contain a sufficient number of sentences for a
given index to be calculated (e.g., “MLU of the first 100
utterance in morphemes”), and some indices are identical
due to the nature of the texts (e.g., “total number of
words for each speaker” and “frequency of tokens”). After
removing these uninformative indices, 11 indices remained.
The indices were further divided into six syntactic indicators
(total number of utterances, number of verbs per utterance,
number of DSS-eligible utterances, mean length of utterance

in words, mean length of utterance in morphemes and
number of Brown’s 14 grammatical morphemes) and five
vocabulary indicators (frequency of types, frequency of tokens,
type/token ratio, number of different words in the first 100
words, and Diversity).

RESULTS

We first analyzed indicators across the grade levels so that
we have a general idea of text features across the three
grade levels. Figure 1 shows the means of the z-scores of
syntactic indices across the three grade levels (K1–K3). It can
be seen that the majority of the variables increase linearly,
but Verbs per Utterance decrease slightly from K2 to K3. The
largest changes were found in the Number of DSS-eligible
Utterances (DSS_Utts).

Figure 2 shows the means of the z-scores of vocabulary
indices across the three grade levels (K1–K3). Frequency of Types
(FREQ_types) and vocabulary diversity (VocD) showed the most
distinctive changes across grade levels.

To identify any differences between grade levels, we ran a
one-way ANOVA, with grade level as the independent variable,
and the 11 indices as dependent variables. Table 1 summarizes
the results. We found significant between-level differences for
seven of the eleven indices. There were no significant differences
between grades for Total number of utterance (TOT-UTT),
MLU in words (MLUw), Type/token ratio (TTR) and Number
of different words in 100 words (NDW_100). For those seven
indices that showed a significant difference, the effect sizes
ranged from 0.25 to 0.5, suggesting an overall moderate effect
size. A post hoc Scheffé Test and Games-Howell Test further
showed higher linguistic complexity for K3 compared to K1,
some for K2 compared to K1, but no significant difference
between K2 and K3.

Tables 2, 3 summarize the correlations between the 11
indices and grade level. All indices except Type/Token Ratio
and NDW_100 (Number of different words in 100 words)
showed a significant correlation with grade level, five of which
can be considered as moderately correlated (r > 0.50). Many
indices also strongly correlated with each other. For example,
the correlation coefficient between MLUw and MLUm reached
r = 0.99 (p < 0.01), and it is remarkably high between Verb_Utt
and MLUw (r = 0.91, p < 0.01) and MLUm (r = 0.90,
p < 0.01) as well.

To find out what linguistic characteristics are predictive of the
expert leveling of the picture books, we ran an ordinal logistic
regression twice, once at the vocabulary level and once at the
syntactic level. To avoid the issue of collinearity, four indices
(Verb_Utt, MLUw, FREQ_types, and NDW_100) were excluded.
Grade level was used as the dependent variable while the indices
were used as the independent variables. None of the four syntactic
indices (TOT_UTT, DSS_Utts, MLUm, and Total non-zero
mors) was predictive. With respect to vocabulary complexity,
only vocabulary diversity (D) was a significant predictor (see
Table 4). That accounted for approximately 27.2% of the variance
in the outcome (McFadden’s pseudo - R2 = 0.272).
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TABLE 2 | Correlations between vocabulary indices and grade level.

1 2 3 4 5 6 7

(1) Level –

(2) FREQ_type 0.67** –

(3) FREQ_token 0.70** 0.87** –

(4) FREQ_TTR 0.06 0.31 –0.03 –

(5) NDW_100 0.42* 0.75** 0.41* 0.53** –

(6) VocD 0.53** 0.87** 0.59** 0.49** 0.88** –

*p < 0.005, **p < 0.001.
FREQ_tokens, total number of words; FREQ_types, total number of different words;
FREQ_TTR, type/token ratio; NDW_100, number of different words in the first 100
words; VocD, vocabulary diversity (D).

TABLE 3 | Correlations between syntactic indices and grade level.

1 2 3 4 5 6 7

(1) Level –

(2) TOT_UTT 0.41* –

(3) DSS_Utts 0.64** 0.63** –

(4) MLU_Words 0.41* −0.05 0.43* –

(5) MLU_Morphemes 0.48** 0.04 0.47* 0.99** –

(6) Total_non_zero_mors 0.59** 0.68** 0.73** 0.32 0.40* –

(7) Verbs_Utt 0.48* 0.05 0.54** 0.91** 0.90** 0.40* –

*p < 0.005, **p < 0.001.
TOT_UTT, total number of utterance; Total Non-zero Mors, total number of non-
zero morphemes; MLU_morphemes, mean length of utterance in morphemes;
MLU_words, mean length of utterance in words; DSS_utts, Number of DSS-
eligible utterances.

DISCUSSION AND CONCLUSION

We found significant differences for seven of the eleven indices
among the texts for the three grade levels, with moderate effect
sizes. Although there was no significant difference for three
features between K2 and K3, the means of each index indicate
that in general, the difficulty level of the texts increases from K1 to
K2, and from K2 to K3, in line with the experts’ leveling of books.
However, when trying to predict expert rating from those indices,
we found only vocabulary diversity (D) to be a statistically
significant predictor. Readability formulas can be problematic for
two reasons. First, different formulas yield different text difficulty
scores, making it difficult to determine a text’s difficulty level with
certainty. Second, readability formulas do not go beyond surface

features such as word frequency and sentence length. However,
discourse level information (i.e., cohesion and coherence of the
text) and other cognitive factors (e.g., level of abstraction of
illustrations) also affect the difficulty level of book. It is therefore
advisable to combine quantitative and qualitative approaches
of text leveling when assigning children’s picture books. That
suggests that other factors (not captured by the indices) play a
role when experts determine what is appropriate for a given grade
level. In other words, experts tend to evaluate the picture book
complexity and appropriateness from a broader perspective.

In the following, we discuss in more detail first our
findings for measures of syntactic complexity and then for
vocabulary complexity. We then go on to evaluate the
usefulness of these indicators for assessing text complexity in
children’s picture books.

Syntactic Complexity
Syntactic complexity is widely discussed in the field of leveled
reading (Mesmer et al., 2012; Frantz et al., 2015; Berendes et al.,
2017; Jin et al., 2020). Traditional measurements are Mean
length of utterance (MLU), Total number of utterance (TOT-
UTT), average sentence length, and number of modifiers. As
mentioned above, MLU in word and in morphemes have been
two extensively used indices of language development, measured
with number of words (or morphemes) divided by number of
sentences. Similar to Hickey (1991) study, we found a remarkably
high correlation between the two indices. However, only MLUm
was significantly different between K1 and K3, while MLUw
was not. Although differences between the two different MLU
measurements are assumed to be small (Hickey, 1991; Parker
and Brorson, 2005), our study indicates that MLUm is more
predictive in complexity of picture books than MLUw. Our
finding supports Wieczorek (2010) argument that MLUw and
MLUm cannot be used interchangeably as indicators of children’s
language development. According to Wieczorek, MLUw is more
indicative of vocabulary development, while MLUm says more
about morphosyntactic development. In their analysis of Chinese
EFL teaching materials for primary and secondary grades, Jin
et al. (2020) found that sentence length, measured in MLUw, was
the best predictor of grade level. We found that in kindergartens,
MLUm is a more fine-grained indicator of text complexity. The
difference between kindergarten and later school years indicates
that there are no “one size fits all” measures.

TABLE 4 | Ordinal logistic regression of vocabulary complexity indicators predicting grade level.

Estimate Std. error Wald df Sig. 95% Confidence interval

Lower bound Upper bound

Threshold (Level = 1) –2.44 2.35 1.09 1.00 0.30 –7.04 2.15

(Level = 2) 0.02 2.28 0.00 1.00 0.99 –4.45 4.49

Location FREQ_tokens 0.00 0.00 0.04 1.00 0.84 –0.01 0.01

FREQ_TTR –11.99 7.10 2.86 1.00 0.09 –25.90 1.92

VocD 0.09 0.04 4.72 1.00 0.03 0.01 0.18

FREQ_tokens, total number of words; FREQ_TTR, type/token ratio; VocD, vocabulary diversity (D).
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Books for different grades differed also significantly from
each other in the Number of DSS-eligible Utterance (DSS_Utts).
Recall that DSS is a score based on a developmental scale of
syntax acquisition (Lee and Canter, 1971), with more advanced
constructions receiving higher scores. A sentence like “Do you
like mud?” (from the book “When Spring Comes”) gets six points
for the interrogative “Do,” one for the personal pronoun “you,”
one for the uninflected verb “like” and one for the whole sentence,
which adds up to nine points. The Number of DSS-eligible
Utterance in K3 picture books was remarkably higher than that of
K1, indicating that texts in K3 are grammatically more complex
than that of K1. Therefore, DSS_Utts is seemed to be a useful
indicator in grading young children’s picture books as well.

The last index among the indices of syntactic
complexity that differed significantly between grade levels
is Total_non_zero_mors. Total_non_zero_mors counts how
many of Brown (1973) 14 grammatical morphemes are present
in a text. Total_non_zero_mors successfully differentiates not
only between K1 and K3, but also between K1 and K2. This
suggests that this index can be considered a useful reference
for determining the difficulty levels of children’s picture books.
Even though Brown’s 14 grammatical morphemes have been
widely used and validated by previous research (Pinker, 1981;
Bland-Stewart and Fitzgerald, 2001), this is the first time these
have been used to measure text difficulty. In sum, syntactic
complexity in the 29 picture books increases across grade K1
to K3, as demonstrated by Number of DSS-eligible Utterances,
Mean Length of Utterance in morphemes, Number of Verbs per
Utterance, and Total Number of Non-Zero Morphemes.

Vocabulary Complexity
Vocabulary complexity has traditionally been measured looking
both at the token frequency (i.e., the total number of words
in a text), and the type frequency (i.e., the total number of
different words that occur in texts). For example, in the sentence
“Brown Bear, Brown Bear, What Do You See?,” there are six
types and eight tokens, as the words “brown” and “bear” occur
twice. In the current study, both token frequency and type
frequency increased significantly from K1 to K2 and from
K1 to K3. Token frequency had the largest effect size among
the 11 indices, suggesting that the sheer number of words is
a strong indicator of the difficulty level of a picture book.
Therefore, it can be roughly said that the more words a text
contains, the more complex the text is. The number of words
(or new words) can thus be used as a proxy for text difficulty.
Our study suggests that token frequency can be used to grade
early reading texts.

However, we did not find significant differences in the
Type/Token Ratio of 29 picture books among the three grade
levels. TTRs were on average about 0.40, regardless of grade
level. This ratio is similar to what Klee (1992) reported in his
study of 2–4-year-old native English speakers (approximately
42 in each age group). TTR has also been widely used as a
measure of vocabulary diversity and applied to examine the
richness of vocabulary use. In our study, the TTR ranged from
0.21 to 0.62, suggesting that almost every word occurs twice
or three times in texts. Nouns and verbs that occurred more

than ten times in the 29 books can be found in Appendix
2. Words like “say” and “see” occur more than 60 times
across the 29 books examined. This is not surprising, as it
is a characteristic of children’s literature that words occur
repetitively to create rhythm and predictability (Rog and Burton,
2001) and to reduce children’s cognitive load in processing
and comprehending language. Furthermore, because the TTR is
sensitive to sample size differences and because token frequency
(i.e., number of words) increases along with the grade level, TTR
might be a less suitable as an indicator of text complexity of
children’s picture book.

Another vocabulary diversity index provided in CLAN is
vocabulary diversity (VocD), which is also called D. It is a new
method proposed later than the Type/Token Ratio by McKee
et al. (2000) and it is assumed more reliable and more informative
compared with the Type/Token Ratio as it is independent of
sample size effects (MacWhinney, 2000). A higher vocabulary
diversity value suggests greater vocabulary diversity. We found
significant differences of vocabulary diversity between K1 and
K3, indicating that vocabulary in the K3 picture books was more
diverse than in K1 picture books. Vocabulary diversity was also
numerically higher from K1 to K2 and from K2 to K3, but not
significantly so. Our results support the argument that vocabulary
diversity is indeed a more informative indicator than Type/Token
Ratio (Richards, 1987).

Overall, vocabulary complexity in the 29 books increases
across grade K1–K3, as reflected by frequency of types,
frequency of tokens, and vocabulary diversity. These results
provide compelling evidence about the usefulness of these three
linguistic characteristics in investigating vocabulary complexity
in children’s picture books.

However, although most indices – both syntactic and
vocabulary indices – increase significantly across the three grade
levels, only Vocabulary Diversity predicted experts’ grading of
picture books. This suggests that other factors are at play when
experts grade books. As mentioned above, experts’ judgment
is holistic, and includes the consideration of aspects such as
the quality of illustrations or the themes covered in a book.
Vocabulary diversity may account for a large portion of what
experts consider text difficulty (which is in turn one important
aspect of overall difficulty/appropriateness of a book), and may
therefore be a predictor of grade level. Among all linguistic
measures, vocabulary diversity thus seems to be particularly
well-suited for evaluating children’s picture books.

Conclusion
We used the software CLAN to automatically extract several
linguistic indices that are typically used to measure child
language development. We found that these indices can detect
significant differences in text complexity between grade levels
of picture books. Thus, automatically obtained, quantitative
measures align with experts’ judgments of what constitutes a
more challenging book text.

The indices capture both syntactic and vocabulary complexity.
Among the syntactic measures, mean length of utterance (MLU)
in morphemes turned out to be a better indicator than MLU
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in words, supporting the notion that MLUm is better suited
as a morphosyntactic measure. In addition, we found that
indices using grammatical morphemes (Brown’s 14 grammatical
morphemes, DSS) were indicative of between-grade differences
and can thus be used as indices for determining text difficulty
levels. Finally, the more verbs a picture book contains, the more
difficult it is judged by experts. Among the vocabulary measures,
token frequency had the largest effect size. Thus, the more
words a book contains, the more difficult it is judged by experts.
However, among all indices, only D (vocabulary diversity) could
be used to predict experts’ leveling. Our study thus shows
that experts base their judgments on quantifiable differences in
linguistic complexity, and that they also use other factors to
determine which books are suitable for which age group.

Practical Implications
We examined the usefulness of eleven linguistic characteristics in
explaining which linguistic features determine text complexity in
young children’s picture books. Our implementation differs from
previous works in that we used CLAN, a software used to analyze
child-directed and children’s speech, to automatically analyze
texts. Our analysis narrowed these complexity indices down to
those that are most aligned with experts’ overall leveling of picture
books. Our findings allow teachers, curriculum designers, and
early childhood educators to make use of open source and free
online tools such as CLAN to help determine picture books levels
for young EFL learners in kindergarten.

Limitations and Suggestions for Future
Studies
The current study investigated only 11 indices, focusing on two
aspects of texts, vocabulary and syntax, while giving little concern
to other features such as cohesion and other subsystems (e.g.,
phonology), which are also important in children’s language
learning. In addition, it should be noted that although fully
automatic and computerized analysis of text complexity can yield
objective and quantitative data, it cannot be used as the sole
method of grading books, especially children’s picture books.
A quantitative approach leaves many components other than
the text out of consideration. Elements such as illustrations
of books, font size and layout of print, and rhymes also play
important roles in children’s comprehension of picture books
(Rog and Burton, 2001). In addition to factors such as readers’
prior knowledge and reading experience, the interaction between
the text and the reader should also be considered. In conclusion,

picture book difficulty level can and should be assessed through
a combination of different approaches, including holistic human
rating, automated text analysis, artificial intelligence assisted
evaluation of text and illustrations, and ideally interactivity
between the picture book and its readers.
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