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1. Introduction
The ability to produce sophisticated words and complex sentences are
hallmarks of language and literacy development. Unlike conversation that
happens in the here and now, aided by facial expression, gesture, intonation and
a shared context, written language is de-contextualised and remote. As such,
writing is a form of communication that requires words and sentences to be crafted
with precision so that the mind of the writer is recreated for the reader and as a
consequence, written language is generally more complex than spoken language
(e.g., Biber, 1988; Roland et al., 2007). These differences start early and are
present in books written for pre-school children to listen to in the context of shared
reading (e.g., Dawson et al., 2021). When do these linguistic features emerge in
children’s own writing and how do they build with development? The aim of the
current study is to chart the emergence of linguistic complexity in young
children’s narrative story writing, quantitively and at-scale.
1.1. Linguistic Complexity
We calculated a range of metrics tapping both lexical and syntactic
complexity, and examined development change through middle childhood. Our
study thus provides a comprehensive examination of lexical and syntactic
development in writing throughout primary and early secondary school years. We
begin by reviewing how lexical and syntactic complexity have been defined and
measured before describing how we used these metrics to capture children’s
writing development.
1.1.1. Lexical complexity
This refers to the breadth and quality of vocabulary use and has been linked
to the holistic quality of writing (Engber, 1995). Lexical complexity comprises
three components: lexical density (the ratio of the number of lexical words to the
total number of words), lexical sophistication (proportion of advanced or difficult
words in a text ) and lexical diversity (the ratio of number of unique word types
to the total number of word tokens in a text) (Durrant et al., 2021; Lu, 2012; Read,
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2000). A range of measures capture these lexical features. Lu (2012) used 24
different measures in a corpus investigation of second language writing quality.
We adopted these 24 measures in our study, and added six more designed to be
less sensitive to text length (McCarthy & Jarvis, 2010). Table 1 summarises all
30 measures.
Table 1. The 30 lexical richness measures used in this study
# Code
Measure
Lexical Density
1 ld
Lexical density
Lexical Sophistication
2 ls1
lexical sophistication
by token
3 ls2
lexical sophistication
by type
4 vs1
Verb sophistication 1
5 vs2
Verb sophistication 2
6

cvs1

Verb sophistication 3

Lexical Diversity
7 ndw
types
8 ndwz
types in first 50 words
9

ndwrtz

10 ndwesz

types 50 word samples

11 ttr
12 msttr

types 50 word
sequences
type-token ratio
mean segmental TTR

13
14
15
16
17

corrected TTR
root TTR
bilogagarithmic TTR
uber ttr
moving average TTR

cttr
rttr
logttr
uber
MATTR

18 HDD

19 MTLD

hypergeometric
distribution diversity
index
measure of textual
lexical diversity

Definition
number of content word tokens/number
of all tokens
sophisticated tokens/all tokens
sophisticated types/all types
sophisticated verb types/all verb tokens
sophisticated verb types/square root of 2
x number of all verb tokens
square of number of sophisticated verb
types/all verb tokens
number of different words
number of different words in the first 50
words
mean number of different words in the
10 samples of 50 words
mean number of different words in the
10 samples of 50 word sequences
number of all types/number of all tokens
splitting the text into 50 word segments,
mean TTR of all segments
types/square root of 2 x tokens
types/square root of tokens
log(types)/log(tokens)
Log(square of tokens)/Log(tokens/types)
TTRs for a moving window of tokens
(e.g. 50 words) from the first to the last
token, computing a TTR for each window
for each word type, the probability of
encountering one of its tokens in a
random sample of 42 tokens
the average number of words in a row
for which a certain TTR is maintained
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20 MTLDmoving-average
MA-wrap wrapped MTLD
21 MTLD-bi moving-average
bidirectional MTLD
22 lv
lexical word variation
23 lv1
verb variation 1
24 svv1
verb variation 2
25 cvv1
verb variation 3
26
27
28
29
30

vv2
nv
adjv
advv
modv

verb variation 4
noun variation
adjective variation
adverb variation
modifier variation

MTLD but instead of calculating partial
factors, it wraps to the beginning of the
text to complete the last factors
MTLD in each direction using a moving
window
content word types/all content word tokens
verb types/all verb tokens
verb types/square root of 2 x all verb tokens
square of number of verb types/all verb
tokens
verb types/all content word tokens
noun types/all content word tokens
adjective types/all content word tokens
adverb types/all content word tokens
adjective + adverb types/all content
word tokens

1.1.2. Syntactic complexity
Complex syntactic structures allow people to express complicated ideas or
relationships, and to do so in a more concise and sophisticated manner (Beers &
Nagy, 2009). Not surprisingly then, greater syntactic complexity is associated
with more advanced writing (Myhill, 2008). Syntactic complexity is typically
quantified using the length of production units (e.g., length of sentences, T-units,
clauses), the amount of subordination or coordination, and the number of
particular syntactic structures (Ortega, 2003). As language develops, production
unit length increases and older children use complex syntactic structures more
often (e.g., Beers & Nagy, 2009; Durrant et al., 2020; Hunt, 1965). We analysed
14 syntactic complexity measures (Table 2), building from Lu (2010) who
developed automatic computing software for L2 assessment. These included three
indices of length of production units, i.e., length of sentences, length of T-units,
and length of clauses, and measures of syntactic complexity ratio, which provide
an indication of clause density within a production unit. Ratios were calculated
with the number of specific types of syntactic structure as the nominator and a
production unit (e.g., number of T-units) as the denominator.
Table 2. The 14 syntactic complexity measures used in this study
# Code Measure
Unit of Production
1 MLS mean length per sentence
2 MLT mean length per T-unit
3 MLC mean length per clause

Definition
mean number of words in a sentence
mean number of words in a T-unit
mean number of words in a clause

Complexity Ratio
4 CS
sentence complexity ratio

mean number of clauses per sentence
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5
6
7
8

VP.T
C.T
DC.C
DC.T

9

T.S

10 CT.T
11 CP.T
12 CP.C
13 CN.T
14 CN.C

verb phrase per T-unit
T-unit complexity ratio
dependent clause ratio
dependent clause per
T-unit
sentence coordination
ratio
complex T-unit ratio
coordinate phrases per
T-unit
coordinate phrases per
clause
complex nominals per
T-unit
complex nominals per
clause

mean number of verb phrases per T-unit
mean number of clauses per T-unit
mean number of dependent clauses per clause
mean number of dependent clauses
per T-unit
mean number of coordinate phrases
per sentence
mean number of complex T-unit per T-unit
mean number of coordinate phrases
per T-unit
mean number of coordinate phrases
per clause
mean number of complex nominals
per T-unit
mean number of complex nominals
per clause

Our overall aim was to describe in detail the writing component of the Oxford
Children’s Corpus, held by Oxford University Press. In total, this contains over a
million stories written by 5–13-year-old children in the UK. As Tables 1 and 2
make clear that lexical and syntactic complexity can each be captured in different
ways, as to be expected given the multidimensional nature of linguistic
complexity. This breadth has not been applied to children’s first language writing
across a range of ages and within the same study. Thus, our first goal was to do
this using 44 different measures of linguistic complexity. From this, we took a
statistical approach and used Principal Component Analysis to identify
relationships between the different measures. We then considered developmental
change in these markers of linguistic complexity by comparing the writing of
younger and older children.
2. Method
2.1. The corpus
The Oxford Children’s Corpus contains all stories submitted as part of the
BBC Radio 2’s 500 Words children’s writing competition, an annual competition
that ran between 2011 and 2020. We selected all those submitted in 2019, N=
107,273 (approximately 55-million word tokens), the year with the largest number
of submission to date. Children aged 5-13 years were invited to submit a story on
any theme or topic, so long as the word count was no greater than 500 words. We
used the Key Stage information available as metadata for each story to
approximate developmental stage. Key stage refers to bandings within the
education system of England and Wales, with 5-7 year-olds falling within Key
Stage 1, 7-11 year-olds into Key Stage 2 and 11-14 year-olds into Key Stage 3.
The majority of entries (59%) came from children in Key Stage 2; 39% of entries
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came from children in Key Stage 3 and only 2% from the youngest children in
key stage 1.
2.2. Procedure
Pre-processing involved removing punctuation and converting all characters
to lower case to ensure that the same words in different cases were counted as the
same type. We also removed stories that were very short or possibly contained
mainly nonsense words, i.e. those that contained only one sentence, or less than
30 words, or with average word length over 10 letters, or average sentence length
of over 50 words. After pre-processing, the final sample available for analysis
comprised 105,065 stories (47.7-million word tokens). Each story was tagged
with the child’s Key Stage information (Key Stage 1, 2 or 3).
To measure length and compute the various lexical and syntactic complexity
measures, we developed a Python script that utilized various natural language
processing modules, including the Natural Language Toolkit (Loper & Bird, 2002)
for tokenization and sentence segmentation, the Lexical Complexity Analyzer for
Academic Writing (Nasseri & Lu, 2020) and the lexical-diversity package (Kyle,
2018) for calculating lexical richness. We used the L2 Syntactic Complexity
Analyzer (Lu, 2010) for computing syntactic complexity; this uses the Stanford
Parser (Klein & Manning, 2003) to generate part-of-speech tags and parse trees,
and to extract relevant syntactic units or phrases.
3. Results
3.1. Lexical and syntactic complexity
We computed the lexical and syntactic complexity of each story according to
each of the 44 metrics described in Tables 1 and 2. Scores were regressed on Key
Stage as a proxy for language proficiency. As indicated by linear regression, Key
Stage predicted growth in most measures, with a small number of exceptions.
There was a decrease in complexity by Key Stage for three of the lexical diversity
measures (verb variation by word type, vv2, b = -0.003, SE = 0.0004, t = -7.09, p
< .001, noun variation, nv, b = -0.007, SE = 0.001, t = -6.37, p < .0001, and
adjective variation, adjv, b = -0.006, SE = 0.0005, t = -13.98, p < .001), and two
of the syntactic complexity measures (coordinate phrase per T-unit, CP.T, b =
-0.020, SE = 0.001, t = -18.6, p < .001; coordinate phrase per clause, CP.C, b =
-0.015, SE = 0.0005, t = -29.89, p < .0001).
3.2. Relationships between individual measures of linguistic complexity
To reduce the number of dimensions and identify how the variables cluster
together, all 44 variables were entered into a Principle Component Analysis
(PCA). This type of analysis generates new variables, or principal components or
dimensions, which are orthogonal to each other to represent the variation present
in the original dataset. The analysis was conducted in R using the FactoMineR
package (Lê et al., 2008) and the results were visualised using the factoextra
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package (Kassambara & Mundt, 2020). The scree plot in Figure 1 shows the
amount of variance explained by the top ten components/dimensions, each with
eigenvalues over 1. Together, these ten dimensions explained 83% of variance.
The scree plot shows a significant decrease and then a plateau in variance
accounted for after the 3rd dimension. With the first two dimensions accounting
for nearly 50% of the variance, we therefore focus our discussion on the first two
dimensions below.
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Figure 1. Scree plot of the Principle Component Analysis on lexical and
syntactic complexity measures of children’s writing
We examined the first two principal components in detail, using cos2 (or
squared cosine or squared coordinates; cos2 is equal to the squared values). A
high cos2 indicates a good representation of the variable on the principal
component, and in turn, it shows the importance of a principal component for a
given variable. For any given variable, the sum of the cos2 across all the principal
components is equal to one. Figure 2 visualises the cos2 of each individual
measure of complexity on two dimensions, corresponding to the first two
components. If a variable is perfectly represented by the two dimensions, the
arrow will fall on the circle. The longer the arrow (i.e., the closer the arrow to the
circumference of the circle, as opposed to the centre of the circle), the higher the
quality of that variable’s representation. The same information is also conveyed
by colour, with darker colours indicating higher quality. As can be seen
from Figure 2, the first dimension separates lexical complexity from syntactic
complexity. The high-quality variables on this dimension are those that represent
lexical diversity, particularly those that reduce dependence on text length (e.g.
uber, MATTR, MTLD_wrap, MTLD_bi, MTLD), followed by number of unique
word types (e.g., ndwesz, ndwerz, ndw). The second dimension reflects linguistic
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complexity overall, with syntactic complexity being well represented in this
dimension, especially measures with T-unit as the base unit (e.g. MLT, C.T, VP.T,
CN.T, DC.T) and those involving sentence as the unit (e.g. MLS, C.S). Figure 2
also shows that almost all lexical complexity measures showed varying degrees
of representation in both dimensions, whereas most of the syntactic complexity
measures had positive representation in the second dimension and negative
representation for the first (with the exception of certain clause-based measures,
i.e., MLC, CN.C).
Variables - PCA
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Figure 2. Two-dimensional visualisation of the quality of representation of
each complexity measure on the first two principal components, using cos2
As a first step towards identifying measures that might usefully assess
children’s writing quality, we examined the amount of variance, or the percentage
of contribution, along the two dimensions captured by the top 10 variables. The
percentage was calculated by dividing the cos2 value of a complexity measure by
the sum of cos2 of the dimension. As shown in Figure 3, the first dimension was
explained by lexical diversity measures adjusted for text length. The second
dimension was captured most by syntactic complexity, particularly those
measures that used T-unit as the base unit. It is also notable that the percentage of
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variance described by the top variables in the second dimension were higher than
those described by the first dimension.
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Figure 3. Percentage of contribution by the top 10 measures of complexity in
the first dimension (top panel) and the second component (lower panel). The
dark dotted l ine in dicates expected average contributio n, at 2.2% (100%
divided by the total number of features measured, N= 44).
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Finally, to assess the quality of representation by age, we investigated how
individual data points (each representing a text) clustered on the first two
dimensions as a function of the author’s Key Stage. Figure 4 shows visible light
data points representing stories written by Key Stage 1 children at the lower left
quadrant, suggesting that younger children’s writing was poorly represented by
both of the dimensions. On the contrary, the dark dots representing stories written
by Key Stage 3 children were visible at the upper right quadrant, indicating higher
quality of representation along both dimensions. Overall, there was more variation
in the distribution of data points in the upper left quadrant compared to other
quadrants. This suggests that syntactic complexity varied among individual
children, across Key Stage. The ability to construct complex sentences may be
less uniform across children of different ages compared to being able to use a
diverse set of lexical items.
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Figure 4. The quality of representation of each story along the two
dimensions as a function of author Key Stage. The circles indicate
concentration ellipses for each Key Stage.
4. Discussion
Our aim was to quantify the nature and content of children’s writing through
mid-childhood by analysing a large cross-sectional sample of stories written by
5-13 year-olds. The stories were not written for this investigation, nor was their
content prompted by pictures or other experimental instructions. The only
constraint was that each story should be no longer than 500 words. While other
studies on first language writing development have looked in detail at a more
restricted set of linguistic features, or focused within a more restricted age range
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or in a smaller sample, our approach was to consider a range of language features
across a broad age range and within a very large sample.
We begin by examining the relationship between age and linguistic
complexity. Growth was seen across a large set of lexical and syntactic features.
If we accept that these features mark writing quality, they provide evidence that
writing becomes increasingly complex and higher in quality with age. We
included 30 different measures of lexical diversity. Generally, these clustered
together, and stories written by older children showed greater levels of lexical
diversity than those written by younger children, mirroring findings in the
literature (Berman & Verhoeven, 2002; Durrant & Brenchley, 2019; Malvern et
al., 2004; Wagner et al., 2011). Three of the 30 variables showed no age effect
(verb variation by word type) or a decline with age (noun variation and adjective
variation). Lexical diversity measures were strongly represented on the first
component, especially those calculated with methods designed to reduce the
confounding effect of text length (Malvern et al., 2004). They were also
represented on the second component that primarily captured syntactic
complexity.
Regarding complexity at the sentence level, we observed that sentences grew
in number and by length with age, even in our sample with a word limit. Longer
sentences generally allow building of complex ideas and use of sentence
structures, and have traditionally been treated as indications for language growth
(Bear, 1939; Golub & Frederick, 1970; Hunt, 1965; Myhill, 2008). Similar
positive correlation with age was seen in the length of two other production units:
T-units and clauses, replicating the findings in the literature of children’s writing
(Golub & Frederick, 1970; Hunt, 1965; Peltz, 1973; Rubin & Piché, 1979;
Wagner et al., 2011). Syntactic complexity was mainly represented by the second
component. Growth was seen by developmental stage in most measures except
for CP.T and CP.C, which involved the operation of using coordination phrases.
Coordination has been found to exhibit non-positive correlation with age (Golub
& Frederick, 1970; Hunt, 1965; Peltz, 1973), perhaps because it emerges
relatively early as a sentence combining operation, which is replaced by other
complex grammar later on.
Our Principal Component Analysis showed two major dimensions that
accounted for possibly distinct portions of variance in children’s writing: lexical
vs. syntactic complexity. Although this contrasts to the close relationship between
lexical and syntactic development seen in early language acquisition in the spoken
domain (Bates & Goodman, 1997; Devescovi et al., 2005; Moyle et al., 2007),
some evidence suggests that syntactic development may follow a different
trajectory from lexical development. Studies showed that differences in the
syntactic structures caregivers use affect children’s language growth, suggesting
a causal flow (Huttenlocher et al., 2010), whereas lexical growth had a bidirectional influence between caregiver and child speech. Lexical acquisition,
particularly nouns, requires a simpler word-to-world mapping, compared to the
more complicated sentence-to-world mapping for argument structures (Fisher et
al., 1994; Gleitman, 1990). We indeed noticed that syntactic complexity
developed in distinct patterns from lexical complexity, in that children across all
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Key Stages exhibited wider variation in syntactic complexity and could
imply later maturation or expression of syntactic knowledge compared to lexical
development.
The current study serves as an important attempt to understand children’s
writing development from the perspective of lexical and syntactic complexity,
using a large scale sample of narrative writing produced by children in primary
and early secondary school. The Principal Component Analysis suggests lexical
complexity and syntactic complexity accounted for major proportions of
variances and that certain measures have better representation in these dimensions.
The lexical and syntactic complexity appeared to have different developmental
profiles in children’s writing development.
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