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ABSTRACT
Introduction: The present study investigated English-speaking 5–9 year olds’ (n = 600, normative sample) comprehension
of relative, adverbial and complement clauses using the Test of Complex Syntax-Electronic (TECS-E), an online interactive
assessment. with strong test-retest reliability, concurrent validity and internal consistency.
Method:Using an opt out protocol three groups of children were recruited from schools—a sample for whomwe could ascertain
test-retest reliability (n = 122), a sample to explore concurrent validity, using the Test for the Reception of Grammar (TROG-2)
(n = 131) and a main normative sample (n = 906). The main sample was reduced to 600, to ensure that the final sample accurately
represented the population of the Republic of Ireland, with respect to sex, socio-economic status and locale. Children completed
the TECS-E independently in groups within their pre/school classroom. The TROG-2 was administered individually.
Results: Scores increased with age from 5–9 years with considerable growth in development between 5;06 and 7 years, suggesting
that 7 years is an important milestone in children’s understanding of complex syntax. Girls performed significantly better than
boys, particularly between 6 and 7 years. Those from disadvantaged backgrounds scored significantly lower than those who were
more affluent, until 7 years, and this was more marked in boys than in girls. Children performed highest on relative clauses,
followed by complement clauses, and last on adverbial clauses.
Conclusion: This study provides a developmental hierarchy as well as important information regarding growth in English-
speaking children’s understanding of complex syntactic structures in the early school years and how this interacts with sex as
well as social disadvantage.

WHAT THIS PAPER ADDS
What is already known on the subject
∙ Complex sentences play a crucial role in children’s language and literacy development. They become increasingly relevant
as children progress through school, from both an academic and social perspective. Despite this, we lack a comprehensive
picture of children’s understanding of these types of sentences.
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What this paper adds to the existing knowledge
∙ This is the first study to report on a large sample of English-speaking children’s understanding of complex syntactic structures
between 5 and 9 years. In addition, the assessment tool used (the TECS-E) has been designed to reflect how children process
language in everyday interactions, and to include constructions that follow the linguistic patterns of those that children say
and hear in natural discourse.

What are the potential or actual clinical implications of this work?
∙ This study furnishes a reference dataset of the growth in typically developing children’s understanding of complex sentences.
This information can be used by clinicians to identify gaps in understanding and to guide the design and delivery of syntactic
interventions.

1 Introduction

Mastery of complex sentences is central to children’s academic
success in school and is required to understand and engage
in successful conversations in everyday interactions (Balthazar
and Scott 2024). They are required to convey information, to
understand questions requiring evaluation or analysis, to explain
complicatedmaterial, and to develop social relationships. Despite
this, we lack a comprehensive picture of children’s understanding
of these types of sentences. The majority of relevant studies have
relatively small sample sizes and have focused on children’s pro-
duction of complex sentences rather than their understanding of
them (e.g., Berman and Nir-Sagiv 2009; Diessel 2004; Westerveld
and Vidler 2016). Furthermore, commonly used comprehension
testing methodologies (such as multiple-choice sentence picture
matching tasks) invoke additional processing skills and load
in addition to those of linguistic competence (Frizelle et al.
2017). In addition, many commercially available tests have been
deemed problematic, in that the constructions tested are very
different from those that young children say and hear in natural
discourse (Diessel and Tomasello 2005). This study seeks to
address these gaps in knowledge and methodological issues
through the collection of a large dataset characterising typically
developing children’s understanding of complex sentences, using
a novel assessment tool designed to minimise the processing load
for children and in which the constructions are similar to those
young children say and hear in everyday discourse.

1.1 Syntactic Constructions

In broad terms, syntactic constructions can be defined as either
simple, compound or complex. A simple sentence consists of a
single independent clause, involving ordered elements function-
ing as the subject (S), verb (V), object (O) or complement (C) and
adverbial (A) of that clause (Quirk et al. 1985). The set of elements
can be exemplified in the sentence, The man (S) will buy (V) the
car (O) tomorrow (A). Minimally, clauses require a verb or verb
phrase. Compound sentences are independent clauses linked by
conjunctions such as and, but, or, and we do not deal with them
further here. Complex sentences contain two or more clauses
linked through a process of subordination. One clause serves as
the main clause, and the other is deemed the subordinate clause,
as it is subordinate to or embedded within the main clause and
cannot stand alone. Here we investigate three discrete families

of complex constructions: adverbial clauses, complement clauses
and relative clauses. Examples of the constructions discussedhere
are included in Table S1.

Adverbial clauses modify all of the main clause and are linked
semantically, most commonly using temporal (e.g., after) or
causal (e.g., because) connectives. Adverbials can be iconic
(where the order of mention follows the order of events), as in
the sentence The boy played football before he watched TV, or non-
iconic (where the order of mention is in contrast to the order
of events), as in the sentence The girl opened the box after she
put on her slippers. Adverbial clause constructions can also be
used in two clause orders—subordinate-main (as in the sentence
If the man moved his legs, the woman could sit down), or main-
subordinate (shown in the sentence The woman could sit down if
the man moved his legs).

In the second family of constructions, complement clauses,
the embedded sentence functions as one of the arguments of
the verb in the main clause, such that the complement can be
the subject, direct object, or indirect object of the main verb
(Quirk et al. 1985). For example, in the sentence She knew the
boy was hungry, the boy was hungry is an object complement of
the main clause. The main verbs are usually categorised as those
of desire or perception as well as mental state, manipulation, or
communication verbs (Diessel 2004; Owen Van Horne and Lin
2011). Embedded clauses can also be finite (where the verb is
marked for tense) or non-finite (where the verb is not marked).
With respect to complement clauses, this distinction is shown
in the following two sentences She realises that her jacket is not
there anymore (finite), in contrast to She can’t see the man take
her jacket, where tense is unmarked (non-finite).

In contrast, relative clauses function to postmodify a noun or
noun phrase. Relative clauses are usually defined by two key
aspects: (1) the sentential position of the noun phrase which
includes the relative clause and (2) the role played by the
relativised noun in the embedded clause. InHe found the girl that
was hiding, the noun phrase (underlined) containing the relative
clause is in Object position in the sentence overall. In terms of
the role of the relativised noun, the girl operates as, at once, the
object of the verb found, and the subject of the verb phrase was
hiding. Compare another sentence in which the same NP is in
Subject position in a sentence: The girl that was hiding fell asleep.
In another sentence, The boy picked up the cup that she broke, the
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NP containing the relative clause is again in Object position in
the sentence. And the NP the cup is again the object of the verb
in the main clause. But its role in the relative clause is different.
Even though it is not expressed in the usual postverbal position,
we understand it to be the object of the relative clause verb broke.
There are further possible roles that the relativised noun can
play, for example, subject, oblique and indirect object, that we
will return to. Complex sentences in English are described in
more detail in Diessel (2004), Huddleston et al. (2002) and Quirk
et al. (1985).

1.2 Adverbial Clauses in Typically Developing
Children

Studies have yielded conflicting results both with respect to
children’s ability to understand sentences with adverbial clauses,
as well as the factors proposed to influence their comprehension
of these constructions. Children start to use adverbial clauses
around the age of 3 years (Diessel 2004). However, they appear
to have difficulties understanding these sentences well into their
primary school years and beyond (Cain et al. 2005; Emerson and
Gekoski 1980; Pyykkonen and Jarvikivi 2012). Reasons for this
discrepancy have been attributed to the specific nature of the
experimental test sentences used (e.g., not mirroring those used
in spontaneous speech) (De Ruiter et al. 2021; Diessel 2004), as
well as assessment methodologies with too high a cognitive load
(French and Nelson 1985).

In addition, there are a number of semantic, syntactic and
pragmatic factors thought to influence children’s understanding
of these constructions. The specific adverbial connective is one
factor which we expect to influence children’s understanding. It
has been suggested that some adverbials are semantically simpler
than others, such as before versus after (Clark 1971) (in that before
typically refers to an event earlier than another event in a linear
fashion, whereas after can refer to not just a moment in time but
a range of time). However, while findings from several studies
support this theory (e.g. Blything et al. 2015; Blything and Cain
2016; De Ruiter et al. 2018), others present contradictory findings
(e.g., French and Brown 1977; Gorrell et al. 1989). Furthermore,
some adverbials express one relationship, such as temporality
(before and after), whereas others require an interpretation of
both time and causality (because) or conditionality (If), in order
to process them accurately (Emerson and Gekoski 1980) and are
therefore deemed more complex.

In line with a usage-based approach, we would also expect
the frequency with which a connective is used in children’s
linguistic environment to impact their comprehension. Corpus
data from American English-speaking children 1;08 to 5;01 years,
analysed by Diessel (2004), supports this relationship for some
adverbial connectives. For example, because, when and If are
among those produced earliest by children (2;05, 2;10 and 3;0
years respectively) and used most frequently in parental input. In
contrast before and after do not appear until later (3;02 and 3;04
years) and are rarely heard in the parental input. However, the
role of frequency does not account for other patterns of connective
use, in that so and but are produced much earlier than when and

if, even though the latter connectives are produced with greater
parental frequency.

An additional aspect of variability relates to iconicity, such
that several studies have shown that children find it easier to
understand sentences with temporal connectives that are iconic
(where the order of mention is in keeping with the order in
which the events happened—for example, She drank the milk
before she ate the biscuit versus Before she ate the biscuit she
drank the milk) (Blything et al. 2015; Clark 1971; De Ruiter et al.
2018) while other studies found no such advantage (Gorrell et al.
1989). Inconsistent findings are also reported for causal and
conditional sentences, with some studies supporting an iconic
advantage and others not (e.g., Kuhn and Phelps 1976). From a
syntactic perspective, it is suggested that adverbials that follow
a main-subordinate clause order are less taxing on working
memory and should therefore be easier to process (Diessel, 2005).
Again, results are conflicting with some studies corroborating
this theory (Amidon and Carey 1972; Johnson 1975) and oth-
ers not (Amidon 1976; De Ruiter et al. 2018). An interaction
between frequency and clause order has also been reported,
which may mitigate any suggested working memory load. For
example, if-sentences occur primarily in subordinate-main order,
whereas before- and because-sentences occur primarily in main-
subordinate order (De Ruiter et al. 2017). In summary, for reasons
already stated, for example, methodologies used, types of test
items, many experimental findings are contradictory with respect
to children’s understanding and use of adverbial clauses, and
there is no comprehensive picture of the order in which young
children understand adverbial clauses with a range of functions.
Consequently, there is no normative dataset against which young
English-speaking children’s understanding of these constructions
can be compared.

1.3 Complement Clauses in Typically Developing
Children

Complement clauses are reported to be the earliest family of
complex sentences used by children, emerging between 2;0 and
3;0 years (Bloom et al., 1989; Diessel 2004; Diessel and Tomasello,
2001).With respect to order of acquisition, simple infinitives (e.g.,
I need to go toilet) are produced first (Bloom et al. 1984), followed
by sentential complements (e.g., I pretended that Dolly had a
bath) and wh-complements (e.g., I know where Teddy is; Diessel
2004), while non-finite clauses containing a subject before the
infinitive construction (e.g., The girl wanted Mum to play house)
emerge later (Paul, 1981). With respect to specific complement
taking verbs, children’s development ofmental verbs is later (with
a longer trajectory) than those that are more concrete (Berman
2009).

Children’s understanding of sentential complements has
been much less thoroughly investigated. Developmentally,
complement-clause constructions with desire verbs (such as
want) are reported to be understood before those with mental
or communication verbs (such as say) (Perner et al. 2003),
however, much of the comprehension work has focussed on
the relationship between complement clause constructions and
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children’s understanding of false belief tasks. Historically, it
was suggested that an understanding of complement-clause
constructions was necessary to represent and develop an
understanding of false belief. However, crosslinguistic work has
challenged this premise and indicated that it is only those with
mental state (e.g., think, know) and communication verbs (e.g.,
say, tell) that are associated with false belief understanding and
not verbs of desire (e.g., want, wish) (see de Villiers and Pyers
2002 [English]; Perner et al. 2003 [German]; Cheung et al. 2009
[Chinese]). Further nuances indicate that 4-year-old children’s
understanding of their own false beliefs has been associated with
their understanding of 3rd rather than 1st person complement
constructions (He thinks. . . . vs. I think) (Brandt et al. 2016).

In keeping with a usage-based approach, the frequency with
which a verb normally appears in a syntactic construction also
appears to impact children’s performance on sentences contain-
ing complement-taking verbs. Kidd et al. (2006) reported that
children 2;10 to 5;08 years could more accurately repeat and
correct sentences that contained high frequency complement
taking verbs relative to those of lower frequency.

As is the case with adverbial clauses, there is no comprehensive
picture of the order or degree to which children between 5
and 9 years understand sentential complements with a range
of functions. And consequently, no normative dataset against
which young English-speaking children’s understanding of these
constructions can be compared.

1.4 Relative Clauses in Typically Developing
Children

Historically, relative clause research indicated that while children
were able to produce relatives before the age of 3 years, they
continued to have difficulty comprehending them at age 5 (e.g.,
de Villiers et al. 1979; Sheldon 1974; Tavakolian, 1981). This is
in contrast to what is generally reported with respect to child
language development, in that children usually understand in
advance of their ability to produce. In keeping with the adverbial
clause literature, this discrepancy has been attributed to the types
of constructions tested in comprehension tasks as well as the
testing methodologies used (Frizelle et al. 2019a). Frizelle et al.
(2019a) reported two different hierarchies of performance in 3½ to
4½ year old English-speaking children: on a sentence-verification
task, the pattern was two tiered that is, intransitive subject >
transitive subject = object = oblique relatives = indirect object
(where > refers to ‘significantly greater than’ and = refers to ‘no
significant differences’) whereas on a multiple-choice task the
pattern was three-tiered that is, intransitive subject = transitive
subject > oblique = object > indirect object relatives. Using
sentence repetition, Diessel and Tomasello (2005) presented a
similar hierarchy of performance in typically developing 4-year-
old English-speaking children. Across each of these studies an
advantage is shown for at least one form of subject (transitive or
intransitive) versus object relative. This subject relative advan-
tage has also been reported in other languages, including, for
example, Dutch (Frazier 1987) andGerman (Schriefers et al. 1995).
However, a subject relative advantage is not universal, with an
object relative advantage reported in Japanese (Suzuki 2011) and
Mandarin Chinese (He et al. 2017). In English, the suggestion is

that because subject relatives maintain the canonical word order
(SVO) of the constituents (He found the girl that was hiding),
they are easier for young children to process. In contrast, in
object relatives the word order is non-canonical (OSV) (This is
the boy that the girl teased at school) and therefore, to parse
the sentence correctly, children are required to understand that
to find the object of teased (the boy), they have to refer back
to the relative pronoun. However, work by Kidd et al. (2007)
suggests that this processing cost can be mitigated by specific
realisations of the object relative construction (namely, those
with an inanimate head noun and a pronominal subject in the
relative clause position—for example There is the book that you
read last night). Kidd and colleagues found that when children
were tested on these types of relatives (i.e., those that they are
more likely to say and hear), they no longer showed an advantage
for subject relatives. This lack of asymmetry between subject and
this subtype of object relative was also borne out in findings by
Frizelle and Fletcher (2014) and Frizelle et al. (2019a).

1.5 Complex SyntaxWith Respect to Age, Sex
and Social Disadvantage

Growth in the use of complex syntax with age has been well
documented in the empirical literature. For example, Morton and
Schuele (2021) reported a developmental progression in preschool
children’s ability to imitate sentential complement sentences.
Using narrative tasks, Guo et al. (2021) reported higher clausal
density for 7–9-year-old children relative to 4-, 5- and 6-year-
olds, while Frizelle et al. (2018) found that the number of clauses
per utterance increased steadily from 4 years into adulthood. In
addition, using conversational language samples, Owens et al.
(2024) reported an increase in the production of co-ordinate and
subordinate clauses between 5 and 10 years. Growth in children’s
understanding of complex syntax has been much less examined.
In theUnited States, Jiang et al. (2018) carried out a 5-year longitu-
dinal study of grammarwith children from preschool to 3rd grade
(8–9 years), usingmultivariate growth curvemodelling. Grammar
was measured using standardised tools, including the Test for
the Reception of Grammar (TROG) and the Clinical Evaluation
of Language Fundamentals (CELF) Sentence recall subtest, in
which some complex syntactic structures are embedded. Jiang
and colleagues found that children’s grammar continued to
improve incrementally, with a metric of 3.08 SD units (Cohen’s
d) over the 5-year period. To the best of our knowledge, no study
has focused specifically on children’s understanding of a range of
complex structures in English from 5–9 years.

With respect to sex differences, it has long been reported that
boys and girls differ in their rate of overall language development;
however, these differences are often not significant and tend to
interact with other factors such as age and task (Etchell et al.
2018). Boys represent more than 70% of late talkers (Kovačević
et al. 2007); are more likely to be identified as at risk for language
disorder at screening (Norbury et al. 2016); have been shown
to produce word combinations on average 3 months later than
girls (Ozçalişkan and Goldin-Meadow 2010) and are slower in
lexical (Carpenter et al. 1998) as well as grammatical development
(Kovačević et al. 2007). Interestingly, when examined over a 5 year
period, sex was found to predict baseline scores but not the devel-
opmental trajectory of grammar (Jiang et al. 2018). In general, sex
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differences decrease with age (Lange et al. 2016) and, as noted by
Adani and Cepanec (2019, 143), ‘the greatest differences between
sexes are noticed at the points of development when children
master new communication and language skills’. To the best of
our knowledge, no study has examined sex differences focusing
specifically on children’s comprehension of complex syntactic
structures in English.

The association between children’s socioeconomic environment
and their language outcomes has long been established, such
that those living in poorer circumstances have poorer outcomes
across a number of language domains (Dollaghan et al. 1999;
Hoff 2006; McDowell et al. 2007; Pan et al. 2005). Focusing
specifically on complex syntax, Huttenlocher et al. (2002) exam-
ined English-speaking 4–5-year-old children’s understanding of
sentences, including adverbial and relative clauses, and reported
a significantly lower performance in children fromdisadvantaged
backgrounds, relative to their more affluent peers. Similarly,
Levine et al. (2020) reported a significant effect of socio-economic
status (SES) in 3–5-year-old children’s understanding of syntax,
using the Quick Interactive Language Screener, which incor-
porates both simple and complex syntax. This SES gap is also
evident expressively. Vasilyeva et al. (2008) examined English-
speaking children’s sentence production longitudinally (aged
26–42 months), again from diverse socio-economic backgrounds.
While they reported no group differences in children’s production
of simple sentences, a significant gap was evident in children’s
production of complex sentences. This gap was evident from 26
months and reflected both the frequency with which children
produced complex sentences and the number of types of complex
sentences produced across the age range. Moreover, the growth
curves indicated a further widening of the gap between 30 and
42 months, a finding reinforced by Huttenlocher et al. (2010)
with respect to diversity of syntactic clauses produced at this
age. Research on children’s understanding of complex syntax
in the preschool years (43–50 months) suggests that this gap
stabilises and that growth in children’s syntactic comprehension
is explained by teachers’ use of complex sentences rather than
their socio-economic background (Huttenlocher et al. 2002). This
stabilisation is in keeping with Jiang et al. (2018) who found that
when examining children’s grammar trajectories (up to between
8 and 9 years), including both simple and complex sentences,
maternal education predicted children’s performance at baseline,
but not their developmental trajectory. Overall, the literature
converges on the view that young children from disadvantaged
backgrounds have reduced knowledge of complex syntax com-
pared to their more affluent peers, but language exposure in
school may serve to mitigate these effects.

1.6 The Current Study

The current study addressed the aforementioned knowledge
gaps in the literature through a comprehensive examination of
children’s understanding of relative, adverbial and complement
clauses in children from 5–9 years. This was essentially a descrip-
tive rather than a theoretical study. Our aim was to examine
how children’s understanding of different clause types changed
with age and to examine developmental patterns between 5 and
9 years. Through the use of the TECS-E, a novel assessment tool

designed to minimise the cognitive processing load for children
and in which the constructions tested are reflective of those used
in natural discourse, we could obtain a more ecologically valid
profile of children’s understanding of complex sentences within
this age range.

Through the collection of a large dataset (reflective of the Irish
population), we could also examine the effects of sex and social
disadvantage on children’s comprehension of these complex
syntactic structures. Based on previous literature, we predicted
that boys would perform lower than girls in the younger age
groups but that this gap would no longer be evident as children’s
language matured. In addition, we predicted that those living in
more socially disadvantaged areas would have greater difficulty
understanding complex sentences than their more affluent peers.
However, given the influence of teachers’ language input in
school we predicted that this difference would no longer be
evident among the older children in the sample.

The specific research questions addressed by this study were as
follows:

∙ How well can English-speaking children between 5 and
9 years understand complex sentences (specifically relative
clauses, adverbial clauses and complement clauses) when
assessed in amanner that is more closely related to processing
language in natural discourse (using TECS-E)?

∙ How does the type of construction, age, sex and SES impact
children’s performance?

∙ Within each family of constructions, what is the order of
difficulty in the types of sentences understood?

Although the TECS-E has been reported on in previous studies
(Frizelle et al. 2024; and an earlier version in Frizelle et al.
2019a, 2019b), prior to examining our research questions about
typical development, we wanted to establish the reliability
and validity of the tool. We did this through test-retest and
an investigation of whether there was an association between
children’s performance on the TECS-E and their performance
on another test of children’s understanding of grammar (The
Test for the Reception of Grammar-2nd edition (TROG-2). While
we anticipated some degree of association between the two
measures, given that the TROG-2 focuses more on simple syntax
(with few complex structures), we did not predict a strong as
sociation.

2 Method

2.1 Participants

Three groups of participants were recruited—a main normative
sample, a smaller sample for whom we could ascertain test-
retest reliability, and a further sample to explore the relationship
between children’s performance on the TECS-E relative to
the TROG-2 (Bishop 2003). For the main sample, 50 primary
schools and 9 preschools were invited to take part in the study
between January andNovember 2022. Seventeen schools and four
preschools agreed to participate, and all were included in the
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data collection process. The schools and preschools represented
the four provinces of Ireland and were sufficiently diverse to
ensure an accurate representation of SES, geographic location
(i.e., rural or urban), and sex, in keepingwith themost recent 2016
Irish population Census report (Central Statistics Office, n.d.).
The participants’ socio-economic background was determined at
the school level using the POBAL1 (Pobal 2016) map to identify
schools in disadvantaged areas.

Preschools and schools were initially contacted by email and
subsequent phone calls. To ensure a less biased sample, we
adopted an opt-out approach, in which every student in the
school who met the criteria for the study was included in the
project unless their parent(s) or caregiver(s) chose to opt out. In
keeping with ethical approval, preschool managers and school
principals who agreed to participate could choose to inform
parents about the project electronically, and/or by distributing
information letters in hard copy. All preschools and schools opted
for electronic communication (by email or a dedicated school
app) to align with their established communication practices.
Parents received the project information and an opt-out form a
minimum of 2 weeks before the testing took place in the school.
Parents could opt out by signing and returning the opt-out form
or by simply informing their child’s teacher verbally or via email.
Only one parent chose to opt out.

Children were included on the basis that they (i) were between
5;0 and 8;11 years, (ii) had no diagnosed hearing or learning
difficulties, and (iii) spoke English as their primary language
at home. For the main sample, a total of 906 children who
met the inclusion criteria were initially tested. This sample was
subsequently reduced to 600 (i.e., 100 children per age bin),
using random stratified exclusion, to accurately reflect the Irish
population in terms of SES, sex and geographic location, based on
themost recent figures available from the Central Statistics Office
2016 census (i.e., 49.66% male, 50.34% female, 31.4% rural, 11.6%
low SES). Rurality is defined by the population size and density
(areas with<1500 people), while SES is indexed by the 2016 Pobal
(HP) Deprivation Index.

In relation to the test-retest participants, we aimed to recruit a
minimum of 100 children with a reasonably even spread across
the age bins. Fifteen primary schools were invited to take part
between September 2022 and September 2023. Eight schools did
not reply to the initial recruitment email. The seven that did
receive a follow-up phone call discussing the study in detail and
logistical requirements. All seven schools were satisfied with the
testing procedure and consented to participate. Finally, for the
sample who completed both the TECS-E and the TROG-2, we
aimed to recruit a minimum of 100 children. Ten primary schools
were invited to take part between September 2022 and September
2023, via email. Six schools replied to the initial recruitment
email and received a follow-up phone call. All six agreed to
participate and were included in the data collection process.
Half of the schools invited Junior and Senior infant pupils to
participate (the first and second year of primary school), while
the remaining half invited their First- and Second-class students
(the third and fourth year of primary school). Only pupils thatmet
the inclusion criteria completed the TROG-2, individually, with
a research assistant. The recruitment process was similar for all
three population samples and children from all 6 age bins were

represented in each sample. Demographics for each sample are
shown in Table 1.

3 Measures

3.1 The TECS-E Complex Syntax Comprehension
Task

The Test of Complex Syntax-Electronic (TECS-E) was the assess-
ment was used to test children’s understanding. The test has
been developed to test children’s understanding and to be used
as a self-directed assessment on a tablet or computer device.
Reliability for children to use it independently from 5 years
has previously been established (see Frizelle et al. 2024). The
assessment is an animated sentence comprehension task that
uses a truth value judgement paradigm. Children are shown
test animations (approximately 6 s in length), each with an
accompanying auditory test sentence. All test sentences are pre-
recorded by a native female English speaker, delivered by Bella
the animated Bunny, within the app. Test sentences accurately
describe the animation for half of the items, and for the remaining
items test sentences and animations are incompatible. At the
bottom left and right corners of the screen, there is a ✓ and an
X. Children are asked if what is shown in the animation matches
the sentence they hear and to respond accordingly by touching
either the ✓ or the X on the screen.

The test animations represent 4 types of adverbial clause (before,
after, because and if), 4 types of sentential complements (think,
know, pretend and wish) and 3 types of relative clause (intransi-
tive subject, transitive subject and object). There are an additional
10 simple ‘catch item’ sentences, designed to identify children
showing a yes bias. Ten motivational star animations are also
integrated into the test.

The types of test sentences used within each family of construc-
tions were chosen with reference to usage-based linguistic theory
and research. Four types of adverbial clauses were included,
to encompass those used in child language with a range of
frequency (see Diessel 2004) and a range of functions (two
temporal (before, after), one causal (because) and one conditional
(if). Item demands are somewhat dependent on the family and
subtype of complex sentence. With reference to our examples in
Table 2, in the case of If adverbials a level of complex reasoning
is required to understand that If the gate was open, the horse could
not walk away, as it is tied to a pole. Because adverbials require
an understanding of causality (which often includes temporal
information) and therefore children are required to determine if
the boys’ laughingwas caused or in someway related to the clown
falling over. Lastly, temporal adverbials such as before and after
require children to process which action happened first that is,
whether the boy did play football before he watched TV. Temporal
adverbials were those in which the events did not typically occur
in a set order (such as she put on her socks before she put
on her shoes), and therefore, children’s interpretation could not
rely solely on world knowledge. Iconicity was also controlled
for across each adverbial type, such that in half the adverbial
constructions the clause order reflected the order of events in
the real world, while in the remainder of items the order was
reversed. Within before and after adverbial sentences, there were
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TABLE 2 Example of test sentences for each structure.

Sentence type Example sentence YouTube video link

Relative clause
Subject intransitive He found the girl that was hiding https://youtube.com/

watch?v = bA6QCvVs4j4
Subject transitive He sat on the girl that was drinking the

juice
https://youtu.be/mZJLIH

6fzVk
Object The boy picked up the cup that she

broke
https://youtu.be/5SevvmcFb9Q

Complement clause
Think She thinks the boy’s hair is dry https://youtu.be/No8Cg4

hPECE
Wish The girl wishes she won the race https://youtu.be/huGslg0_zSw
Know She knows the man took her dog https://youtu.be/uyGXN

qooyKs
Pretend The man is pretending he fell in the

hole.
https://youtu.be/C42lo63Uu48

Adverbial clause
Before The boy played football before he

watched TV
https://youtu.be/A58z4WxB1PQ

After The girl opened the box after she put
on her slippers

https://youtu.be/uUxdd
_BL5wY

Because The boy laughed because the clown fell
over

https://youtu.be/RFybP
X_lSFc

If If the gate was open, the horse could
walk away

https://youtu.be/yd4iw
http://5beHCc

an even number of main-subordinate versus subordinate-main
constructions. For If constructions, 6 of the 8 test items were
subordinate-main (3 congruent and 3 incongruent) and 2 main-
subordinate (1 congruent and 1 incongruent), and for Because
constructions the reverse was the case (6 of the 8 test items
were main-subordinate and 2 subordinate-main). This allowed
us to control for i) children using a strategy based on iconicity
and ii) clause order preferences in relation to frequency data
(i.e. if sentences occurring more frequently in subordinate-main
order, whereas because occurs primarily in main-subordinate
order.

Sentential complements were those that contained a finite verb
in the complement clause and included those in which both
the complement and matrix clause had subjects, and a third-
person pronominal subject in either the complement or the main
clause, for example, He knows the girl broke the chair. They
were chosen so that three of the complement-taking verbs were
mental state verbs (think, know, pretend) and one represented
desire (wish). These were informed by acquisition data reported
by Diessel (2004), again representing a range with respect to how
frequently they are used by young children as well as those that
could be adequately represented through animation. To assess
think and know items we use a false belief task, an understanding
of which children would typically have by the age of 5 years. Our
assessment of wish complements is based on the premise that you

do not typically wish for something that you already have/did, for
example, the girl does notwish that shewon the race if she already
did. Pretend constructions require children to determine whether
something really is the case (e.g. the man is not pretending he
fell in the hole if he really did fall in the hole) or to have some
understanding of symbolic play (e.g. the use of a banana as a
phone).We expect this type of play to be well developed by 5 years
(Piaget 1951).

Finally, three types of relative clause constructions were included
based on previous work by Diessel and Tomasello (2000, 2005),
Frizelle and Fletcher (2014) and Frizelle et al. (2019), indicat-
ing a performance hierarchy in children’s knowledge of these
constructions. All were fully bi-clausal and designed to reflect
structures that are used in natural discourse, that is, they were
attached to the direct object of a transitive clause and object
relatives had an inanimate head noun and a pronominal subject
(see Kidd et al. 2007). All constructions included high-frequency
nouns and verbs based on the British National Corpus. Task
demands within our assessment of relative clauses required
children to distinguish two referents (i.e., the head noun from
the noun to which the relative clause refers) and to map the
thematic roles to the appropriate verb argument structure. In
the Table 2 animation, we can see that he sat on the girl but
not the one that was drinking the juice. To understand this con-
struction, the child needs to distinguish between both referents
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and to complete the appropriate thematic role to verb argument
mapping.

The TECS-E assessment has been designed to closely mirror
language processing in natural usage. The advantage of using
individual animations with a truth value judgement paradigm
is that children can simultaneously evaluate the truth of each
construction directly against the animated scenario, as it is
occurring, and consequently, they do not have to store the
arguments associated with each verb in memory. In this regard,
the memory load is similar to that required when process-
ing language in everyday discourse. This contrasts with the
more usual multiple choice sentence picture matching task
in which the correct representation and three foils or com-
petitors would be typically presented. The child is therefore
required to actively rule out three competitors, which signifi-
cantly increases the cognitive load of the task (see Frizelle et al.
2017).

In TECS-E the foils are built into each individual animation. For
example, recall that in the case of relative clauses, there is always
an alternative to the head noun towhich the relative clause refers,
that is, a referent fromwhich another can be distinguished. As an
example, the intransitive subject relativeHe found the girl thatwas
hiding implies that there is another girl who is not hiding, and this
is represented within the animation. Using this method, children
are required to make a semantic evaluation of a given sentence
and to map the thematic roles to the appropriate verb argument
structures, as they would in a natural context. They do not have to
actively rule out three competing alternative mappings (i.e., She
found the boy that was hiding; The boy that was hiding, found the
girl; The girl that was hiding, found the boy). However, because
children have a 50% chance of getting the item correct, each
construction needs to be representedmultiple times, and it is only
in the analysis of both the compatible and incompatible items
together, that we can get an accurate picture of what children
understand (see Frizelle et al. 2019). This is clear in the case of
the compatible know constructions, where one could argue that
a child could achieve the correct response by understanding the
simple sentence that follows the know verb. For example, she
knows the boy ate the sweets is depicted with a girl looking directly
at the boy eating sweets, and if the child processes the sentence
as the boy ate the sweets, then he or she will get it right. It is only
when we combine these responses with the false items that we
have the complete representation of the child’s understanding. In
contrast, the reverse is the case for the think items, where the
compatible items reveal more about the child’s understanding.
As an example, the true item, She thinks the cat is in the basket,
involves a scenariowhere the catwas in a partially covered basket,
the lady turns away and leaves the room, the cat jumps out of the
basket and runs away, the lady comes back and therefore she does
indeed think the cat is in the basket. If the child processes this as
a simple sentence, the cat is in the basket, they will get the item
wrong.

Therefore, it is the pattern of results that the child shows across
all items that allows us to profile their understanding, that is, they
need to get both true and false items correct to show complete
understanding. Example test sentences for each structure (includ-
ing true and false items) alongwith their respectiveYouTube links
are provided in Table 2.

3.2 TROG-2

The TROG-2 (Bishop 2003) is a multiple-choice sentence picture-
matching task, developed to assess understanding of 20 con-
structs. It is designed for use with children from 4 years into
adulthood and is considered a valid and reliable measure (test
retest reliability and internal consistency = 0.88, content valid-
ity = 0.79). The TROG-2 was administered using the standard
procedure. For each item, children were presented with a choice
of four pictures. They listened to a target word or sentence and
were asked to identify the corresponding picture. Items were
presented in order of difficulty, beginning with single words,
followed by syntactically simple sentences and progressing to
those thatweremore complex. Itemswere presented in blocks of 4
with each block focusing on a particular structure. In order to pass
a block, children were required to pass all four items. As outlined
in the manual, testing was discontinued when five consecutive
blocks failed.

3.3 Procedure

In primary schools, we took an inclusive approach such that
all children who wanted to take part (and whose parents had
not opted out) were included in the activity. Those who did not
meet our inclusion criteria were allocated an XX code, so that
their data could be easily excluded from the analysis. Children
who opted out of the study were taken to a different room to
complete a separate school task. In contrast, in preschool, only
children who met the minimum age criteria participated, as
very young children would not have been able to complete the
assessment independently. Preschool children who did not meet
our remaining inclusion criteria were managed similarly to the
school-aged children.

All participants completed the assessment individually but in a
group context. Due to the small number of 5-year-olds in the
preschools, they were brought into a different room to complete
the app at the same time, in the presence of two RAs and a
preschool staff member. For those in their first year of primary
school (i.e., children aged 5 to 6 years of age), classes were divided
into two groups of up to 15 children to minimise the effects of
reduced attention and listening skills. Every child received their
own tablet and set of headphones, which were sanitised after
every use. Tablets and apps were configured prior to meeting
with the participants. The researchers were given a class list
with children’s names, date of birth and gender. An anonymous
alphanumeric code was allocated to each child and entered into
the app, along with their sex and date of birth. The latter was
immediately converted to age in days so that no identifying
information was stored. A Post-it was used to label each tablet
with the child’s name. The class lists and Post-it labels were given
to the preschool or school for shredding at the end of each testing
session. Researchers maintained a database in Excel with the
children’s anonymous codes, age and sex, to monitor and track
participants.

Two researchers managed the testing procedure, one introduced
the team and the activity to the class, while the other distributed
the tablets and headphones. Children were told that they would
play a game on a tablet with a bunny called Bella, who loved
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talking. They were instructed to listen to Bella, decide when
she was ‘right’ or ‘made a mistake’, and navigate through four
levels of the game. The researchers explained that the initial
three levels served as practice rounds and reassured children
not to worry if they encountered difficulties in these levels, as
Bella would help them. Children were made aware that level 4
was the ‘real game’, and that Bella would give them 10 stars as
they played the game. A crucial rule (i.e., ‘no talking’ during
the game) was established with every class. The researchers
discussed the potential excitement of earning stars and the desire
to share this achievement with others, and how this might
negatively impact other children’s ability to attend and listen.
Each class collectively brainstormed silent celebration methods,
resulting in some creative ideas like ‘wiggling in their chair’. In
addition, the two researchers circulated the classroom during
the activity, strategically standing or sitting next to children
displaying diminished attention and listening. Upon finishing
the app, children received a sticker and an activity to complete
(typically a book or a colouring page) while waiting for their
peers to finish. Data from the TECS-E app was automatically
collected and stored electronically on the Firebase servers, where
the animation task is hosted.

Children who completed the TECS-E twice (test re-test) did so no
more than 1 week apart. The TROG-2 was completed on the same
day as the TECS-E.

3.4 Data Analysis

All statistical analyses were performed using Statistica 7.1
(StatSoft, Inc., 2005). Internal consistency of TECS-E was cal-
culated using McDonalds Omega, which is used for composite
standard scores (to ensure equal weighting) and Cronbach’s
alpha was calculated to give an index of reliability for total
mean raw scores, within each family of constructions. Test—
retest reliabilitywas examined using a Pearson’s product-moment
correlation coefficient for paired samples (where the independent
variable was time and the measured variable was the percentage
of items correct). However, because the correlationmeasures only
the strength of the relationship between the two variables, but
not the agreement, a Bland–Altman analysis was also completed
(Bland and Altman, 1995). In a Bland–Altman the difference
between the scores at two time points is plotted against the mean
of the two time points. This method allows the mean difference
between the two time points of assessment (the ‘bias’) to be
calculated as well as the 95% limits of agreement of the mean
difference. Pearson’s product-moment correlation coefficient for
paired sampleswas also used to explore any potential relationship
between the TECS-E and TROG-2.

Children’s overall understanding of complex sentences (adverbial
clauses, complement clauses and relative clauses) was deter-
mined by calculating the total average score (measured as
percentage of correct answers) that children achieved on TECS-
E per age bin. A similar metric was used within each family of
constructions. A full factorial ANOVAwas conducted to examine
the effect of type of construction, age, sex and socioeconomic
status on children’s understanding of complex sentences as well
as any potential interaction between these variables. An ANOVA
tests the null hypothesis, that is, it provides the probability that

each of the effects considered is negligible. A 95% confidence
level was chosen. The full factorial ANOVA creates a linear
model that includes main effects and interaction effects. As type
of construction is composed of three different group means (i.e.
relative clauses, complement clauses and adverbial clauses), a
post-hoc analysis with Fisher Least Significant Difference (LSD)
was also used to identify significant differences between scores
on each type of construction. The Fisher LSD method calculates
the least significant difference between the means of all possible
pairs of groups, while taking into account the variability within
the groups and the overall error rate. Fisher LSD was chosen
because (i) it is commonly used in analysis of data characterised
by substantial variability, and (ii) the significant difference values
derived from Fisher LSD are notably smaller number than
those provided by the other two commonly used post-hoc tests
(i.e., TUKEY Honest Significant Difference and the Bonferroni
Correction).

To investigate the order of difficulty in the types of sentences
understood by children within each family of constructions,
the full factorial ANOVA was repeated, replacing the families of
constructions with the 11 types of sentences within them. The
FISHER LSD post-hoc analysis (at 95% confidence level) was
again used to identify the value for the significant difference
between means. This value was used to determine statistically
significant differences between each sentence type for each age
group.

4 Results

4.1 Reliability of TECS-E

Our first analysis addressed the reliability of TECS-E as ameasure
of complex syntax.

4.2 Internal Consistency of TECS-E

Results indicated that composite reliability was good overall, with
a McDonalds omega value of 0.77 across all ages. Reliability
was strongest for children between 5 and 6½ years (ω = 0.82
and 0.86, respectively) and weakest for children between 8 and
9 years (ω = 0.6). Based on total mean scores for each item,
Cronbach’s alpha was 0.924 (SEM 8.789), indicating that the
test is internally consistent and that most items are testing the
same knowledge. Each family of constructions are also internally
consistent with values of α = 0.836 for complement clauses,
α = 0.812 for adverbials and α = 0.80 for relative clauses.

4.3 External Reliability

Test-retest reliability, was examined using a Pearson’s product
moment correlation coefficient for paired samples, across all age
bins: 5;0 (n= 13), 5;6 (n= 14), 6;0 (n= 14), 6;6 (n= 15), 7;0 (n= 48),
8;0 (n= 25) (total n= 129). The estimated paired-sample Pearson’s
correlation (for all items) was high at r= 0.88 (95% CI 0.83 to 0.91;
p = 0.15). The scatter plot of the total percentage of correct items
at each time point is shown in Figure S1.
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TABLE 3 Descriptive statistics derived from the number of correct responses in each section for the full sample (n = 600).

Full sample (n = 600)
Mean% correct
(SD, variance)

Total catch items correct 91.2% (1.49, 2.22)
Total practice items correct 83.6% (1.50, 2.24)
Relative clauses (RC) total correct 86.9% (3.34, 11.15)

Total RC Subject Intransitive Items
Correct

90.4% (1.18, 1.39)

Total RC Subject Transitive Items
Correct

87.7% (1.31, 1.71)

Total RC Object Relative Items Correct 82.4% (1.50, 2.25)
Complement Clauses (CC) Total
Correct

78.9% (5.10, 26.06)

Total CC with ‘wish’ Items Correct 83.9% (1.84, 3.40)
Total CC with ‘pretend’ Items Correct 83.0% (1.57, 2.45)
Total CC with ‘knows’ Items Correct 81.5% (1.39, 1.92)
Total CC with ‘thinks’ Items Correct 67.5% (1.57, 2.48)

Adverbial Clauses (AD) Total Correct 75.8% (4.92, 24.21)
Total AD with ‘because’ Items Correct 82.6% (1.44, 2.07)
Total AD with ‘before’ Items Correct 78.2% (1.61, 2.58)
Total AD with ‘after’ Items Correct 71.8% (1.63, 2.66)
Total AD with ‘if’ Items Correct 70.6% (1.48, 2.19)

Total trial items correct 80.0% (12.13, 147.16)

An evaluation of agreement in scores across all constructions for
the total sample, between each time point, was also conducted
using a Bland–Altman analysis (Bland and Altman, 1995). The
mean difference was −1.7, and the 95% limits of agreement were
−11.5 to 8.2. Visual inspection of the Bland–Altman plot did not
reveal any concerning patterns or trends (Figure S3). Analysis
within each age bin showed that younger children (bins 5;0 and
5;6) improvedmore from time 1 to time 2 (mean difference of−3 to
−4) than older children (mean difference of less than −1.5 for all
other age bins), a one way ANOVA indicated that the difference
was not significant [F(1 6556), p = 0.15]. Bland–Altman plots for
each age bin are provided Figures S3–S9.

We then examined if there was an association between children’s
performance on the TECS-E and their performance on the TROG-
2 (using standard scores for both measures), across all age bins
(n = 129). The estimated paired-sample Pearson’s correlation (for
all items) was 0.48 (95% CI 0.33 to 0.60; p = 0.17), indicating
a moderate correlation between both measures. A scatterplot of
standard scores for TECS-E andTROG-2 is available in Figure S10.

4.4 Children’s Overall Understanding of
Complex Sentences

In our first research question, we asked how well English-
speaking children between 5 and 9 years can understand complex
sentences. Table 3 displays the descriptive statistics derived from

the number of correct responses in each section for the full
sample (n = 600). As shown, overall, children performed best on
relative clauses, followed by complement clauses and the lowest
performance was on adverbial clauses. Results from the full
factorial ANOVA indicated that the type of construction had a sig-
nificantmain effect on how children performed [F(2 1728)= 55.34,
p < 0.00001]. The Fisher LSD post hoc analysis revealed that all
three constructions were significantly different (p < 0.001) at a
95% confidence level

There is the possibility of response bias when completing a task
that requires a yes or no response, whereby the child may always
give a ‘yes’ or ‘no’ response when they do not understand the
construction presented. In order to examine this, we calculated a
d’ primemeasure (McNicol, 1972) by averaging the probabilities of
true and false positives for all 100 children in each age bin first and
then calculating the d’ based on these averages. We then plotted
this against the percentage of correct answers for each type of
construction. The plot is available as Figure S2. With no bias, the
points fall on the solid line in the plot. Points that are above the
line show a bias to answer yes (where children are performing
much better on the compatible than the incompatible items),
and points below the line indicate no bias (where children are
performingmuch better on the incompatible than the compatible
items). Our plot shows no bias for the majority of constructions
but a mild yes bias for the adverbial clauses, indicating that some
children found it slightly easier to answer a compatible adverbial
than one that was incompatible.
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FIGURE 1 (a) Interaction between age and sex. (b) Interaction between sex and SES. (c) Interaction between SES and age.

In our next research question, we asked to what degree the
type of construction, age, sex, or SES impacted children’s overall
performance. A full factorial ANOVA revealed that all four factors
were highly significant in their impact on children’s understand-
ing of complex sentences (p ≤ 0.0001). In keeping with our
hypothesis and reflected in Figure 1 a–c, children’s performance
increased with age [F (5 1728) = 101.64, p ≤ 0.000]. In addi-
tion, children from low SES backgrounds achieved lower scores
compared to children from high or average SES backgrounds
[F(1 1728) = 26.71, p ≤ 0.000], and females performed better than
males [F(1 1728) = 14.66, p = 0.000]. Our analysis also identified
two significant two way interactions, specifically, an interaction
between age and sex [F(5 1728) = 3.738, p = 0.002] (Figure 1a)
and an interaction between sex and SES [F(1 1728) = 4.0858,
p = 0.043] (Figure 1b). Figure 1a shows how the significant
difference in sex is driven by the higher performance of females
compared to males between 6 and 7 years of age. Figure 1b
shows how the significantly higher performance of females
compared to males is more marked in children from low SES
backgrounds. Note, the vertical bars indicate the 95% confidence
intervals.

Finally, while there was no significant interaction between age
and SES at a 95% confidence level [F(5 1728) = 2.0701, p = 0.066],
the interactionwas significant at a 90% confidence level. Figure 1c
shows how the lower performance in children from low socio-

economic areas was no longer observed in children after 7 years
of age.

4.5 Understanding of Different Clause Types

In our next research question, we asked about the order of
difficulty in the types of sentences understood, within each family
of constructions. Children’s performance (% correct) across each
age bin, for each construction and clause type within, is given in
Table S2. Results from the Fisher LSD post-hoc analysis indicated
that if the difference between any two sets of scores was larger
than 0.358, we should consider it a significant and meaningful
difference (at a probability of≤0.05). Children’s performance and
differences within each family of constructions are illustrated in
the line plots in Figure 2a–c.

As shown in Figure 2a, intransitive subject relatives were the
highest scoring relative clauses, followed by transitive subject
and lastly object relatives. However, there were no significant
differences between subject intransitive and transitive relatives
across all ages. Younger children performed significantly lower
on object relatives than both types of subject relatives. However,
from 6;06 to 7;11 years, these differences were no longer signifi-
cant. Interestingly, at 8 years, a significant difference re-emerged.
The graph also shows how there is little change in children’s
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FIGURE 2 (a) Line plot of children’s performance on each type of relative clause per age bin. (b) Line plot of Children’s performance on each
type of complement clause per bin. (c) Line plot of children’s performance on each type of adverbial clause per age bin. At any age point, clause types
designated with the same letter do not differ significantly (at a 95% confidence level).

performance across all three types of relative from 5–5;06 years
and a steep upward trajectory in children’s performance from
5;06 to 6;06 years (particularly for subject transitive and object
relatives).

Figure 2b shows how children performed best on constructions
using the complement-taking verbs wish pretend and know, with
no significant differences emerging across all but one age bin
(children between 7 and 7;11 years). From 5;06 – 6;0 years there
is a steep upward curve in children’s understanding of these
constructions, with a continuing upward trajectory until about
7 years. With respect to think constructions we see an upward
trajectory from 5 to 8 years, at which point these constructions
are still not mastered. Children consistently performed signif-
icantly lower on think constructions than each of the other
complement-taking verbs (including themental state verb know),
across all age bins.

Figure 2c shows the upward trajectory in children’s performance
on the adverbial clauses. Children performed best on because

clauses, followed by before clauses, with lower and overlapping
performance on after and if clauses. Except for the 5 to 5;06-
year-olds (where performance was similarly poor), differences
in performance were significant between because and before
constructions for all other ages. Significant differences also
emerged between after and because and before constructions, and
between If and because and before constructions, with children
performing consistently lower on the after and if constructions.
Interestingly, while children performed significantly better on
after than if constructions at 5;06 years and again at 7;11 years,
their performance was overlapping in the intervening age bins,
with no significant differences. It is also interesting to note the
steep upward increase in children’s understanding of because and
if clauses at 5;06 years.

5 Discussion

In this study, we examined English-speaking children’s under-
standing of complex syntax between 5 and 9 years. The study is
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unique in that we report on a large dataset examining the three
main families of complex syntactic constructions, which account
for the majority of multi-clause sentences that English-speaking
children hear and produce (Diessel 2004). In addition, we use
an assessment tool designed to minimise the processing load for
children and constructions that are reflective of what children say
and hear in natural discourse.

5.1 Reliability of TECS-E

Firstly, we aimed to ascertain how reliable the TECS-E is as a
measure of complex syntax. McDonalds omega allowed us to
examine the strength of association between items as well as
item-specificmeasurement errors and therefore provided realistic
estimates of true reliability. While the reliability was good overall
(0.77), it was strongest for the younger children (5 and 6 ½

years) (0.82 and 0.86) and weakest for those between 8 and 9
years (0.6). This is likely driven by the fact that older children
performed near ceiling on many of the items. In addition, the
Cronbach’s alpha score of 0.924 reflects a high degree of internal
consistency and indicates that most items are testing the same
knowledge. The TECS-E is also externally reliable, indicated
by a strong Pearson correlation of .88 on test-retest and high
levels of agreement shown on a Bland Altman analysis (a non-
significant mean difference of -1.7 between the first and second
test administration). Finally, to further validate the TECS-E we
wanted to establish if there was any association between our
measure and an established test of receptive grammar (the TROG-
2). Our analysis showed a moderate correlation between both
measures. This was in keeping with our hypothesis, as while both
tests aim to assess children’s grammar, the TROG-2 focuses more
on simple sentences (with some relative clauses), and there are
few constructions in common across both tests.

5.2 Overall Impact of Type of Construction,
Clause Type and Age

Overall, children performed best on relative clauses, followed by
complement clauses, with the lowest performance on adverbial
clauses. While this relative clause advantage is in keeping with
Frizelle et al. (2018), children’s performance on adverbial and
complement clauses was not significantly different in this pre-
vious study. However, it is noteworthy that the sample size was
small (n = 33, and across a narrower age range, mean age 6;06
years) relative to that reported on here.

In keeping with our hypothesis and the developmental literature,
children’s performance increased with age on each family of
constructions, from 77%–95% correct for relative clauses, 65%–91%
correct for complement clauses and 63%–89% correct for adverbial
clauses. Interestingly, across each family of constructions, we see
little change between 5 and 5;06 years. For relative clauses, there
is a steep upward trajectory from 5;06 to 6;06 and a more gradual
growth to 7 years. For adverbial and complement constructions,
the steep upward trajectory is longer and continues to 7 yearswith
minimal growth beyond that for most clause types within. Think
and after constructions are two exceptions.

5.3 Relative Clauses

Broadly speaking our findings are in keeping with previous
literature showing that although children are performing above
chance on relative clauses at 5 years (de Villiers et al. 1979;
Sheldon 1974; Tavakolian, 1981), they have not yet reached full
mastery on subject and object relatives until closer to 6 ½ years.
Although there are no significant differences between children’s
performance on both types of subject relative, we can see that the
younger children perform consistently better on intransitive sub-
ject relatives. Our data also indicate that younger children (those
under 6½ years) performed significantly lower on object relatives
than both transitive and intransitive subject relatives. Recall that
all object relatives included here are discourse relevant (have an
inanimate head noun and a pronominal subject). Our findings are
in keeping with previous literature indicating a subject relative
advantage (Diessel and Tomasello 2005; Frizelle et al. 2019a), and
the theory that canonical word order is easier for young children
to process. Our data also contradict the premise that by assessing
children between 5 and 6 ½ years using discourse relevant object
relatives, we can mitigate against the processing load incurred by
their non-canonical word order. In contrast to our findings, Kidd
et al. (2007) reported no asymmetry between subject relatives
and this frequently heard subtype of object relative, among 3–4-
year-old children on a sentence repetition task. Our contradictory
findings may be accounted for by task differences. While our
assessment task is designed to minimise processing load, pre-
vious literature suggests that sentence recall, in which working
memory is supported by production, may be an easier task than
one of pure comprehension (Frizelle et al. 2017). It may also
be the case that our minimal task processing requirements also
enhanced children’s performance on the subject relatives, thereby
revealing a discrepancy between these two relative clause types.
In keeping with findings by Frizelle and Fletcher (2014), our data
indicate children over 6½ showed no significant differences in
their understanding of subject and object relatives. Therefore,
when using pure comprehension tasks, it may be that children
need to be older to take full advantage of these more frequently
heard discourse-relevant object relatives.

5.4 Complement Clauses

With respect to complement clauses, we see a steep growth in
children’s understanding of these constructions from 5½–6 years,
continuing until about 7 years.

Our data indicate no significant differences in children’s under-
standing of constructions with the verbs wish, pretend and know.
Children performed significantly lower on the mental verb think
across all ages and did not show complete mastery even up
to 8;11 years. The differential between children’s understanding
of the mental verbs think versus know may be reflective of
how these verbs are used semantically in the linguistic input.
While think and know can have several semantic senses, know
is usually used to indicate certainty (I know that it is cloudy
outside) and think typically describes a degree of uncertainty (I
think that it is raining outside). However, think is also used as
a ‘comment clause’ to indicate certainty (I think that it is time
for your nap) (Manson 1995). Distinguishing between these two
semantic senses may be challenging for young children. Howard
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et al. (2008) found that over half of the phrases that included
the verb think, used in the input to 3- and 4-year-olds, were used
to express certainty rather than uncertainty. This input does not
support children’s understanding of the semantics of the mental
verb think and the complement-clause constructions in which it
is used (Howard et al., 2008). Consequently, children have not
achieved full mastery of think clauses until 9 years and beyond.

5.5 Adverbial Clauses

Within adverbial clauses, there is again a sharp growth in
children’s understanding of 3 of the 4 adverbial constructions
(if, before and because) between 5½ and 6 years. With respect
to age of acquisition, our findings are in keeping with Amidon
(1976), who found significant growth between the ages of 5 and 7
across all 4 adverbials examined here and Emerson and Gekoski
(1980), who found that children were closer to 8 years when
they mastered because and if sentences. However, our findings
contrast with those of De Ruiter et al. (2018) who reported
above chance performance for because and if constructions at
5 years (n = 34) and Blything et al. (2015) who reported above
chance understanding in 3–4 year old children (n = 22) for before
and after constructions. Differences in children’s performance
are likely related to different testing methodologies as well as
sample size. For example, in Blything et al. (2015) children
were presented with two animations sequentially, along with a
sentence containing the connective before or after, He poured the
ketchup before he ate the burger and were then asked to touch the
thing that Tom/Sue did first, while supported by a freeze frame of
both actions. In this scenario, one could argue that children could
respond correctly on the basis of understanding the concept of
first, without a full understanding of before or after.

Our data showed that children’s highest performance was on
the because clauses, followed by before clauses, with significantly
lower overlapping performance on after and if clauses. Our
finding that because clauses were the easiest type of adverbial
construction contrasts with De Ruiter et al. (2018), who reported
a lower performance on both because and if relative to before and
after clauses. In our paradigm, sentences are designed to reflect
causal events that could happen in the real world, are plausible
and therefore children’s understanding is not muddied by the
likelihood of a particular event happening or not (e.g., The boy
cut his leg because he climbed the tree). In contrast, causal con-
structions in theDe Ruiter taskwere designed to be swappedwith
if constructions and therefore may not always have presented as
plausible or likely to young children, for example, She feels really
warm, because she dives in the pool (one might consider her more
likely to dive in the pool because she feels really warm).

Our reported hierarchy (because, before, after/if), particularly
with respect to if is difficult to explain. Given that because and
if are more frequent than after and before sentences (Diessel 2001;
De Ruiter et al. 2017), our data suggests that the frequency of
specific structural types is not sufficient to account for this pattern
of if-clause development. It is also the case that children start
producing because and if sentences before they start producing
after and before sentences (Diessel 2004), suggesting that they find
because- and if-sentences easier. Again, this does not account for
children’s lower if-clause performance. With respect to semantic

complexity, both because and if sentences are similar in that they
require an understanding of temporality and causality. Therefore,
applying a semantic complexity account does not allow us to
tease apart the reasons for children’s much lower performance
on if-clauses. One premise put forward by De Ruiter et al. (2018)
is that children may be less familiar with if clauses being used
to represent physical causality. They cite work by Ford and
Thompson (1986), highlighting that in everyday conversation
speakers often use if clauses to provide a conceptual framework
for a larger chunk of discourse and not just themain clausewithin
the complex sentence (e.g., ‘If I ever win the lottery, I have plenty
ideas of what to do with the money.’) p. 215.

Our finding that children performed significantly better on
before adverbials than after, would seem best explained by a
combination of factors. Data from Leech et al. (2014) indicate that
while before is used 1½ times more often in other constructions
than as a temporal connective in complex sentences, after is
used 4 times more often in other constructions in child-directed
speech (De Ruiter et al. 2017). In addition, when used in other
constructions before is always used either spatially (e.g., the dogs
ran before and behind) or temporally, and this consistency results
in less ambiguity for children trying to process a given before con-
struction. In contrast, after is semantically less transparent and is
also used in verbal phrases such as ‘to take after’, ‘to ask after’ or ‘to
look after’, making it more difficult for children to parse ‘online’.

5.6 Overall Impact of Sex and Socioeconomic
Status

In keeping with our hypothesis, children from socially disadvan-
taged backgrounds performed significantly lower on all clause
types than their more advantaged peers. Our findings align with
Huttenlocher et al. (2002), who also reported significantly poorer
understanding of complex sentences in children living in social
disadvantage compared to those who were not. Huttenlocher
and colleagues also noted how syntactic input affected children’s
complex language skill levels and reported greatest syntactic
growth in preschool classes where teachers’ language was more
syntactically complex. Interestingly, our data indicates that by
7 years the effect of SES was no longer evident. In keeping
with Huttenlocher, syntactic input from teachers in school is
a likely factor in reducing these effects. In addition, this is
a significant stage in emerging literacy, where children are
increasingly starting to read themselves and are consequently
exposed to more complex syntax.

Our data also indicated that girls performed significantly better
than boys. This difference appeared to be driven by the higher
performance of girls compared to boys between 6 and 7 years of
age, suggesting a faster rate of syntactic development in females
in this age range.We also note that the lower performance of boys
compared to girls is moremarked in children from disadvantaged
backgrounds. Our findings in relation to the interaction between
sex differences and age are aligned with Etchell et al. (2018) and
Lange et al. (2016), who also noted a decrease in differences as
children get older. Finally, the interaction between sex and SES
is not unexpected. Given that both boys and children living in
social disadvantage are more likely to be identified as at risk
for language disorder (Norbury et al., 2016; McKean et al. 2018),
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it is not surprising that they show a slower rate of complex
syntactic development up to around 7 years. In addition, due to a
complex interplay of biological, sociocultural, and psychological
influences, social and environmental factors affect boys and girls
differently, which can lead to differences in language outcomes.
For example, teachers have rated the classroom behaviour of boys
living in social disadvantage to be more disruptive than girls,
while parents had lower expectations of boys than girls in relation
to overall school performance (Entwisle et al. 2007).

6 Conclusion

This is the first study to report on a large sample of English-
speaking children’s understanding, specifically of complex syn-
tactic structures, between 5 and 9 years. While the TECS-E
does not include less prototypical examples of complex syntactic
structures (such as although adverbials or whose relatives), those
included account for the majority of multi-clause sentences that
English-speaking children hear and produce. The TECS-E was
designed to beused independently, to reflect howchildren process
language in everyday interactions, and to include constructions
that follow the linguistic patterns of those that children say and
hear in natural discourse. The TECS-E was found to be both
internally and externally reliable. Children’s understanding of
all constructions increased with age, with considerable growth
in development between 5;06 and 7 years, suggesting that 7
years is an important milestone in children’s understanding of
complex syntax. This is further supported by the fact that the
lower performance of boys (versus girls) and children living in
social disadvantage (versus those who were more affluent) was
no longer observed after 7 years.

This study furnishes a reference dataset of the growth in typically
developing children’s understanding of complex sentences, indi-
cating theirmost likely developmental journey in the early school
years, through mastery of individual structures. In addition, the
dataset provides a guide for clinicians regarding when theymight
expect differences between boys’ and girls’ understanding of
complex sentences to resolve, as well as an approximate age at
which children living in social disadvantage perform comparably
to their more affluent peers. The information can be used by
clinicians to identify gaps in understanding and to guide the
design and delivery of syntactic interventions.
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Endnote
1The Pobal Deprivation Index uses two main dimensions to determine
the SES status of a given area. 1. Relative Deprivation which includes
unemployment rate, social class composition, dependency ratio and
income levels and 2. Affluence, which includes educational attainment,
occupation status and household type. Factors are combined to produce
a composite score.
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Percentage of Total Trial ItemsCorrect atFigure4: Bland-Altmanplot
for children 5 - 5;05 yearsFigure5: Bland-Altmanplot for children 5;06 -
5;11 yearsFigure6: Bland-Altmanplot for children 6 - 6;05 yearsFigure 7:
Bland-Altmanplot for children 6;06 - 6;11 yearsFigure8: Bland-Altman
plot for children 7 - 7;11 yearsFigure9: Bland-Altmanplot for children
8 - 8;11 yearsFigure 10: Scatterplot of standard scores forTECS-Eand
TROG-2
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