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Abstract 
 
This dissertation examines the relationship between syntactic comprehension and reading 
comprehension among middle school aged children and methodological issues related to 
this domain of study. The dissertation consists of four articles. The first two articles 
examine the dimensionality of syntactic comprehension and vocabulary and the 
relationship between syntactic comprehension and reading comprehension. Both articles 
find that syntactic comprehension and vocabulary constitute separate sources of 
individual differences in language comprehension and that syntactic comprehension 
explains unique variance in reading comprehension after controls of decoding skill, 
vocabulary, and working memory. These results indicate that syntactic comprehension 
skill and vocabulary size vary partially independently of each other across individuals 
and that some children may have problems comprehending texts because they have 
problems using syntactic cues to combine the meaning of individual words into 
meaningful propositions.  

The last two articles of the dissertation take a more methodological approach and 
focus on the role of test format in the assessment of individual differences in syntactic 
comprehension. One article focuses on the fact that syntactic comprehension measures 
test the comprehension of sentences that are different from the sentences children need to 
comprehend in practice, especially in the sense that they often contain several discursively 
new lexical noun phrases, potentially placing high demands on lexical retrieval 
efficiency. The article finds that while the discourse status of lexical noun phrases 
significantly affects children’s comprehension accuracy, the effect is so small that is 
unlikely to have any practical consequences. Furthermore, syntactic comprehension tests 
seem to tap into the same individual differences regardless of the discourse status of noun 
phrases. The second methodological article compares three different formats of syntactic 
comprehension tests: the TROG-2, a sentence repetition test, and a whodunnit test. The 
article finds that these three tests only partially tap into the same individual differences 
despite purporting to measure the same thing. Most importantly, the sentence repetition 
test appears to be more of a general language measure than a specific syntactic 
comprehension measure, and in contrast to the TROG-2 and the whodunnit, the sentence 
repetition test does not explain significant variance in reading comprehension after 
controls. To a large extent, this difference between test explains why some studies do not 
find a unique contribution from syntactic comprehension to reading comprehension. 

Overall, the dissertation finds convincing evidence that individual differences in 
syntactic comprehension constitute a source of individual differences in reading 
comprehension. The next step for future studies is to examine if and how it is possible to 
improve children’s reading comprehension through syntactic comprehension instruction.  
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Resumé 
 
Denne afhandling undersøger gennem fire artikler forholdet mellem syntaksforståelse og 
læseforståelse blandt elever på mellemtrinnet og metodiske problemstillinger forbundet 
med dette undersøgelsesfelt. Afhandlingen består af fire artikler. De første to artikler 
undersøger dimensionaliteten af syntaksforståelse og ordforråd og forholdet mellem 
syntaksforståelse og læseforståelse. Begge artikler finder at syntaksforståelse og 
ordforråd udgør separate kilder til individuelle forskelle i sprogforståelse, og at 
syntaksforståelse forklarer unik variation i læseforståelse efter at have kontrolleret for 
ordafkodning, ordforråd og arbejdshukommelse. Disse resultater indikerer at 
syntaksforståelsesevne og ordforrådsstørrelse varierer delvist uafhængigt af hinanden, og 
at nogle børn har vanskeligheder med at forstå tekster fordi de har svært ved at bruge 
syntaktiske signaler til at sætte betydningen af individuelle ord sammen til propositioner.  

De sidste to artikler i afhandlingen har en mere metodisk tilgang og undersøger 
hvordan testformat påvirker hvad syntaksforståelsestest måler. En af artiklerne fokuserer 
på det at syntaksforståelsestest tester forståelsen af sætninger som adskiller sig fra den 
slags sætninger børn har brug for at forstå i praksis. Mere specifikt indeholder 
testsætninger ofte flere diskursivt nye leksikalske nominalfraser, hvilket muligvis stiller 
store krav til leksikalsk adgangseffektivitet. Artiklen finder at selvom børns 
forståelsespræcision bliver signifikant påvirket af tilstedeværelsen af nye leksikalske 
nominalfraser, så er effekterne så små at de sandsynligvis ikke har praktiske 
konsekvenser. Ydermere synes syntaksforståelsestest at måle de samme individuelle 
forskelle uanset om nominalfraserne er diskursivt nye eller ej. Den anden metodiske 
artikel sammenligner tre forskellige formater af syntaksforståelsestest: TROG-2, 
sætningsgentagelse og whodunnit. Artiklen finder at de tre test kun delvist måler det 
samme konstrukt på trods af at de beskrives som mål for det samme. Som det nok vigtigste 
resultat viser sætningsgentagelse sig at være mere et generelt sprogforståelsesmål end et 
mål for specifikt syntaksforståelse, og i modsætning til TROG-2 og whodunnit-testen 
forklarer sætningsgentagelse ikke signifikant variation i læseforståelse efter kontrolmål. 
Denne forskel mellem testformater kan i nogen grad forklare hvorfor nogen studier ikke 
finder et unikt bidrag fra syntaksforståelse til læseforståelse.  

Samlet set finder afhandlingen belæg for at individuelle forskelle i syntaksforståelse 
udgør en kilde til individuelle forskelle i læseforståelse. Det næste skridt for fremtidige 
studier er at undersøge om og hvordan man kan forbedre børns 
læseforståelsesfærdigheder ved at instruere i syntaksforståelse.  
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Chapter 0 

General introduction 
 
The ability to read is a fundamental skill in modern society. Poor reading comprehension 
has been linked to poorer educational attainment (Cain & Oakhill, 2006; Ricketts et al., 
2014), which in turn has been linked to lower quality of life and poorer mental and 
physical health (Edgerton et al., 2012). Thus, effective instruction in reading 
comprehension in schools is important both for the individual and society at large. An 
important step in examining how to support children’s reading comprehension is mapping 
out which comprehension components reading comprehension consists of (Catts, 2018). 
The present dissertation investigates a component that has received relatively little 
attention in literacy research, namely syntactic comprehension. Specifically, the 
dissertation examines the relationship between syntactic comprehension and reading 
comprehension among middle school aged children. The dissertation can broadly be 
divided into two parts. The first part consists of two articles that examine the relationship 
between syntactic comprehension and reading comprehension. The second part of the 
dissertation consists of two articles that take a more methodological approach and zoom 
in on syntactic comprehension assessment, examining how test format and test items 
affect the task demands of syntactic comprehension tests and how this affects studies of 
syntactic comprehension and reading comprehension. The dissertation is structured as 
follows: The rest of Chapter 0 describes the overall motivation for the dissertation and 
presents and motivates the decisions that have been made in terms of methodology and 
scope. This is followed by summaries of the four articles and details on contributions to 
co-authored articles. Chapters 1 through 4 consist of the four articles. Chapter 5 consists 
of a general discussion of the overall findings of the articles and how they relate to each 
other, followed by an overall conclusion. For ease of reference, the first chapter is 
numbered 0 so the following chapter numbers coincide with the article numbers.  
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0.1 Syntactic comprehension in literacy research 
 
It is widely accepted that reading comprehension is the product of decoding skill and 
language comprehension (Catts, 2018; Hoover & Gough, 1990). Based on this theory, a 
vast number of studies have examined which specific comprehension components 
language comprehension consists of, such as morphological awareness (e.g. Levesque et 
al., 2017), vocabulary (e.g. Tunmer & Chapman, 2012), and inferencing (e.g. Cain et al., 
2004), and to which extent these subcomponents constitute separate sources of individual 
differences in reading comprehension. The present dissertation largely continues this 
practice, but focuses on a language comprehension component that has received relatively 
little attention in literacy research, namely syntactic comprehension. The dissertation 
defines syntactic comprehension as the tacit ability to derive the meaning relations 
between words and phrases in a sentence based on syntactic cues such as word order and 
morphological marking. As a simplified example, consider the sentence the student 
surprised the supervisor. Here word order shows that it is the student who is the surpriser 
and the supervisor who is the surprisee. Indeed, if we changed the order of words to the 
supervisor surprised the student, the propositional meaning of the sentence changes. Now 
the supervisor is one who is surprising. While this type of sentence-level comprehension 
has played a central role in linguistics, including psycho- and neurolinguistics, until 
recently is has received relatively little attention in individual-differences literacy 
research, which has largely focused on comprehension at the word level (morphology and 
vocabulary) or above sentence level (e.g. making inferences or comprehension 
monitoring) (see e.g. Castles et al., 2018). Perhaps because of the paucity of research in 
individual differences in syntactic comprehension, there is also no clear consensus on 
how sentence-level comprehension should be delineated as a construct, what to call this 
construct, and how to measure it. Specifically, there are discrepancies between how 
constructs are labelled and how they are measured across studies of sentence-level 
comprehension. In general linguistic theory, syntax and morphology are seen as 
subcomponents of grammar, with syntax referring to sentence structure and morphology 
referring to word structure (Brown & Miller, 2013). However, in literacy research on 
syntactic comprehension, grammar and syntax are often used interchangeably with syntax 
used to denote constructs that also encompass morphology (e.g. Lonigan & Milburn, 
2017). Furthermore, some researchers differentiate between syntactic comprehension and 
syntactic awareness (e.g. Brimo et al., 2017) where syntactic awareness denotes the 
ability to explicitly reason about sentence structure, while others combine measures of 
syntactic comprehension and syntactic awareness (e.g. Foorman, Koon, et al., 2015). 
Finally, some studies distinguish between productive and receptive grammar or syntax 
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(e.g. Tomblin & Zhang, 2006), whereas others combine the two (e.g. Foorman, Herrera, 
et al., 2015). This makes previous studies difficult to compare, especially because studies 
of sentence-level skills and reading comprehension only rarely contain explicit 
consideration about the type of sentence-level construct that is included, a definition of 
the construct, or a motivation for using the chosen measures. To aid comparison of 
previous studies, in this dissertation, constructs will be labelled in line with the definitions 
in Table 0.1 regardless of what the authors of a given study use as a label. Table 0.1 also 
contains examples of which tests would be considered measures of each construct under 
these definitions. 
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Table 0.1 
Overview of definitions of syntax and morphology constructs 
 

Construct Definition Examples of measures 
Syntactic comprehension The tacit ability to derive 

the meaning relations 
between words and 
phrases in a sentence 
based on syntactic cues 

Sentence comprehension 
tests where the questions 
target the syntactically-
coded information in the 
sentences 

Syntactic awareness The ability to explicitly 
reason about sentence 
structure 

Word-ordering tests where 
children are given a set of 
words and asked to put 
them in the correct order 

Morphological 
comprehension 

The ability to comprehend 
the meaning of words 
based on their 
morphological structure. 

Tests where children 
exhibit comprehension of 
unknown morphologically 
complex words, for 
example by identifying 
synonyms. 

Morphological awareness The ability to explicitly 
reason about word 
structure 

Cloze tests where children 
have to conjugate a word 
or a non-word according to 
its placement in a sentence 

Grammatical 
comprehension 

The tacit ability to 
comprehend sentences and 
words based on syntactic 
and morphological 
structure 

Sentence comprehension 
tests where items target 
both the syntactically and 
the morphologically coded 
information in sentences 

Grammatical awareness The ability to explicitly 
reason about syntactic and 
morphological structure 
 

Grammaticality judgment 
tests where items exhibit 
both morphological and 
syntactic errors 

 

 

 
While the dissertation distinguishes between these constructs and focuses specifically on 
syntactic comprehension rather than syntactic awareness or morphological 
comprehension, it is not a central claim of the dissertation that these constructs constitute 
separate sources of individual differences or constitute separate psychological constructs 
in the sense that they are processed or acquired in different ways. In fact, there is good 
reason to assume that they are very closely related. In practice, syntax and morphology 
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are closely intertwined: Syntactic relations may be marked by morphological elements on 
individual words, and morphological marking on verbs may also signal how the syntactic 
relations in a sentence should be interpreted (e.g. in passives). Syntactic awareness and 
syntactic comprehension are also likely closely related as the ability to reason about 
sentence structure must to some extent depend on the ability to comprehend sentence 
structure. Indeed, in some cases it may be impossible to determine to which extent a task 
relies on explicit reasoning (awareness) versus tacit comprehension. Nevertheless, the 
dissertation focuses on syntactic comprehension and strives to isolate syntactic 
comprehension from morphological comprehension and syntactic awareness to the extent 
that it is possible. This decision was made because the dissertation is fundamentally 
motivated by examining reading comprehension in order to inform intervention studies 
and educators on which specific skills might support children’s reading comprehension, 
and so it is important that the examined construct be delineated in a way where it is easy 
to interpret how it is manifested in specific practical skills. It is arguably easier to interpret 
which specific practical skills are involved in the construct of syntactic comprehension, 
as defined here, than in more abstract constructs such as grammatical comprehension 
consisting of both morphological and syntactic comprehension or general syntax 
constructs consisting of both syntactic comprehension and syntactic awareness. For 
example, in studies that find a significant contribution from a grammar construct, it is not 
clear exactly how this should be translated to practice: Are intervention studies and 
educators better off focusing on teaching children morphological structure or syntactic 
structure or are both equally important? While it is arguably impossible to completely 
isolate syntactic comprehension from other skills (this is further discussed in Article 4), 
focusing on syntactic comprehension separately from morphological comprehension and 
syntactic awareness is one step in disentangling which specific skills feed into reading 
comprehension.  

 

 

0.2 Methodological considerations about samples and 
analyses 
 
All four studies in the dissertation examined middle school aged children (fourth and sixth 
grade). There are several reasons for focusing on this age group. First, at this age, most 
children have sufficient decoding skill that reading comprehension is largely determined 
by language comprehension (Catts, 2018; Tilstra et al., 2009), making it possible to study 
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the specific language comprehension components involved in reading comprehension. 
Second, at around this age, school texts become increasingly difficult, both in terms of 
content (covering complex topics in e.g. history, social sciences, and biology) and form, 
including more difficult topic-specific vocabulary and more complex syntactic 
constructions such as long noun phrases, passives, and a large amount of subordination 
(Fang, 2006; Uccelli et al., 2015). This means that school texts may place higher demands 
on syntactic comprehension than children have experienced before, both directly in that 
texts become more syntactically complex and indirectly in that they become more 
difficult in terms of vocabulary and the content itself (Article 2 and Chapter 5 provide a 
more in-depth discussion of the potential mechanisms behind a relationship between 
syntactic comprehension and reading comprehension). Finally, studies show that this is 
the age where comprehension components start to separate out (Language and Reading 
Research Consortium et al., 2018; Tomblin & Zhang, 2006) which means that if syntactic 
comprehension does form an independent comprehension component, it would be 
expected to appear at around this age.  

Additionally, all four studies only included data from monolingual Danish-speaking 
children. While all children in the participating classes who received parental consent 
took part in the studies, only children who self-reportedly exclusively spoke Danish at 
home were included in the analyses. This choice was made in order to avoid confounds 
from second-language acquisition. Specifically, children learning Danish as a second 
language may have poorer Danish language comprehension, potentially distorting results 
and blurring patterns that exist among the majority of children. While there exists data 
for bilingual children in all four studies, the samples are not big enough to examine 
differences between bilingual and monolingual children. However, as bilingual children 
are a natural part of Danish classrooms, future studies should examine whether the results 
found in this dissertation also hold for bilingual children.  

Finally, the studies in the dissertation examined the full distribution of monolingual 
children in participating classrooms without oversampling children with reading or 
comprehension problems. In this way, the results reflect an average of the full range of 
skills found in regular classrooms. However, the results can be considered a basis for 
future studies on the role of syntactic comprehension in reading comprehension in more 
specific groups such as poor comprehenders or children with developmental language 
disorder. The practical implications of the present studies are further discussed in Chapter 
5. 

Section 0.2 described the construct of syntactic comprehension. Another language 
construct that plays a central role in the studies in this dissertation is vocabulary breadth 
(from now on vocabulary). In Articles 1 and 2, vocabulary is used as a control measure 
in analyses of the relationship between syntactic comprehension and reading 
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comprehension. Article 2 furthermore examines the dimensionality of syntactic 
comprehension and vocabulary, and Article 4 compares syntactic comprehension tests in 
terms of their correlations with vocabulary. Vocabulary is included as a central control 
measure for mainly two reasons. First, there is strong empirical support for a substantial 
role of vocabulary in reading comprehension (National Reading Panel, 2000; Quinn et 
al., 2015; Spencer et al., 2017). In this way, controlling for vocabulary is a way to make 
sure that a potential relationship between syntactic comprehension tests and reading 
comprehension is not due to vocabulary. Another reason to include vocabulary as the 
main control is that vocabulary and syntactic comprehension can both be considered 
lower-level language skills that both concern the ability to derive the coded meaning of 
language. Thus, this dissertation focuses on the skills concerning comprehending the 
coded meaning of language, and for example, also does not include higher-level language 
controls such as inferencing and knowledge of text structure.  

Finally, the dissertation contains only correlational studies, and therefore the 
causality of the relationship between various language comprehension constructs cannot 
be determined from the present studies. However, the dissertation presents a good 
empirical basis for future intervention studies that may further examine the causal 
relationship between syntactic comprehension and reading comprehension. This is further 
discussed in Chapter 5. 

 
 
0.3 A note on the interpretation of individual 
differences studies 
  
In line with much previous literacy research, the dissertation takes an individual-
differences approach to the role of syntactic comprehension in reading comprehension. 
This is important to note because based on the vast amount of research on sentence-level 
comprehension in psycho- and neurolinguistics, it may seem beyond dispute that syntactic 
comprehension is related to reading comprehension because one arguably has to 
syntactically parse sentences, at least to some extent, to understand the propositional 
meaning of sentences. However, in individual differences literacy research (and in the 
present dissertation), the focus of interest is not so much on the tasks an individual 
performs when comprehending a text, but rather on which abilities explain individual 
differences in reading comprehension. In other words, individual differences literacy 
research is interested in examining what causes children to differ in their reading ability, 
not in examining all of the physical and mental processes that go into reading a text. This 
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goal of individual differences research is not always stated explicitly. Often (and also in 
the articles in this dissertation) articles use wordings such as whether syntactic 
comprehension plays a role in reading comprehension, that there is a relationship 
between syntactic comprehension and reading comprehension, or whether syntactic 
comprehension is associated with reading comprehension. But it is important to note that 
if studies find that individual differences in syntactic comprehension do not significantly 
predict individual differences in reading comprehension, it does not necessarily mean that 
children do not syntactically parse the sentences in texts. There could be several reasons 
for individual differences in syntactic comprehension not explaining individual 
differences in reading comprehension despite children syntactically parsing sentences: 1) 
there may be few individual differences in syntactic comprehension for example if most 
children in the age group have largely the same level of syntactic comprehension, 2) 
individual differences in syntactic comprehension may not be separable from individual 
differences in controls such as vocabulary (i.e. children who have good syntactic 
comprehension may always have good vocabulary and vice versa), and 3) all or most 
children may have sufficient syntactic comprehension to understand the texts they are 
confronted with (i.e. it is not the level syntactic comprehension that makes a difference 
across children). Article 3 further discusses the differences between examining individual 
differences and examining the processes that go into sentence comprehension in for 
example psycholinguistic research.  

 

 

0.4 Overview of articles 
 

[1] Mads Poulsen, Jessie Leigh Nielsen & Rikke Vang Christensen. (2022). 
Remembering sentences is not all about memory: Convergent and discriminant 
validity of syntactic knowledge and its relationship with reading comprehension. 
Journal of Child Language 49 (2): 349-365. 

Article 1 examines the convergent and divergent validity of syntactic 
comprehension in relation to vocabulary and working memory and the 
relationship between syntactic comprehension and reading comprehension in 
sixth-grade students. Based on correlations and regression analyses of observed 
variables, the study finds that the two syntactic comprehension tests exhibit 
convergent and discriminant validity. The study also finds that syntactic 
comprehension explains variance in reading comprehension after controlling for 
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vocabulary and working memory, indicating that syntactic comprehension 
constitutes a separate source of individual differences in reading comprehension.  

The article has been edited to fit the format of the dissertation, and figures and 
tables have been given new numbers to fit the chapter structure of the dissertation. 
Finally, the article originally used the term syntactic knowledge to describe the 
construct termed syntactic comprehension in this dissertation. This has also been 
changed to avoid any terminological confusion. Otherwise the article is identical 
to the published version. 

[2] Jessie Leigh Nielsen, Rikke Vang Christensen & Mads Poulsen. Unpublished 
manuscript. Syntactic comprehension – A separate source of individual variance 
in middle-school children’s reading comprehension.  

Article 2 also examines the relationship between syntactic comprehension and 
reading comprehension, but in contrast to Article 1, Article 2 uses multiple 
measures of each construct to form latent variables, thereby controlling for 
measurement error and also allowing for a more extensive assessment of the 
dimensionality of syntactic comprehension and vocabulary through confirmatory 
factor analysis. The study finds that vocabulary and syntactic comprehension 
constitute separate but correlated sources of individual differences in language 
comprehension. Furthermore, in line with Article 1, Article 2 finds that syntactic 
comprehension explains unique variance in reading comprehension after 
controlling for vocabulary and decoding skill. In this way, Article 2 supports the 
results in Article 1 and indicates that the unique contribution from syntactic 
comprehension found in Article 1 was not due to measurement error in the control 
variables.  

[3] Jessie Leigh Nielsen. Unpublished manuscript. Stranger things: Examining the 
consequences of the lack of ecological validity in the givenness status of lexical 
noun phrases in syntactic comprehension tests 

Syntactic comprehension measures make use of sentences that are unnatural in 
that they introduce many new lexical noun phrases at once. This means that 
children not only have to parse often complex syntactic constructions, but also 
have to retrieve the meaning of several new lexical items. Article 3 examines if 
syntactic comprehension tests are confounded by lexical retrieval efficiency, both 
as measures of individual differences in syntactic comprehension and as measures 
of children’s comprehension of specific syntactic structures. The article finds that 
the presence of new lexical noun phrases in test items underestimates children’s 
comprehension of difficult syntactic constructions, although at a level that is 
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unlikely to have any practical consequences. The article also finds that despite the 
fact that the givenness of noun phrases affects the comprehension accuracy of 
specific constructions, syntactic comprehension tests largely tap into the same 
individual differences regardless of the givenness of noun phrases. Finally, the 
article finds that syntactic comprehension tests still explain variance in reading 
comprehension even when controlling for lexical retrieval efficiency in addition 
to decoding skill and vocabulary. Overall, Article 3 indicates that it is largely 
unproblematic to use tests where the sentences introduce many new lexical NPs 
at once, despite the lack of ecological validity, and that the unique contribution 
from syntactic comprehension tests to reading comprehension found in Articles 1 
and 2 is not driven by lexical retrieval efficiency. 

 
[4] Jessie Leigh Nielsen, Rikke Vang Christensen & Mads Poulsen. Unpublished 

manuscript. What’s format got to do with it? A comparison of three syntactic 
comprehension measures. 

Article 4 compares three different formats of syntactic comprehension tests (the 
TROG-2, a sentence repetition test, and a whodunnit test) and finds that while the 
three tests do tap into syntactic comprehension, the tests vary considerably in what 
they measure despite purporting to measure the same thing. Specifically, the study 
finds that the TROG-2 is significantly more dependent on non-linguistic fluid-
reasoning skill than the sentence repetition test and the whodunnit test. 
Furthermore, the TROG-2 and the whodunnit explain significant variance in 
reading comprehension after controlling for decoding skill, fluid-reasoning skill, 
and vocabulary, while sentence repetition does not explain significant variance in 
reading comprehension after controls. These results partly explain why Articles 1 
and 2 find a unique contribution from syntactic comprehension to reading 
comprehension when some previous studies do not.  

 

 
0.5 Contribution to co-authored articles 
 
In Article 1, I performed the data cleaning and analyses in collaboration with the first 
author and contributed to the interpretation of results through discussions with both co-
authors. Finally, I provided critical feedback on the manuscript, which was drafted and 
edited by the first author.  
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In Article 2, I developed and piloted the written whodunnit test, I was responsible 
for data collection and data management, including the training and supervision of student 
assistants, and I planned and conducted the data cleaning and data analyses. I interpreted 
the results and wrote the manuscript with suggestions and feedback from both co-authors. 

In Article 4, I developed and piloted the sentence repetition test in collaboration 
with Rikke Vang Christensen, I was responsible for data collection and data management, 
including the training and supervision of student assistants, and I planned and conducted 
the data cleaning and data analysis. I interpreted the results and wrote the manuscript with 
suggestions and feedback from both co-authors. 
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Article 1 
 
Remembering sentences is not all about memory: 
Convergent and discriminant validity of syntactic 
knowledge and its relationship with reading 
comprehension 
 

Mads Poulsen, Jessie Leigh Nielsen, Rikke Vang Christensen 
Published in Journal of Child Language 49 (2), 349-365. 2022. 

 
 

Abstract 
Recent studies have found correlations between sentence-level tests and 
reading comprehension. However, the task demands of sentence-level tests 
are not well understood. The present study investigated syntactic 
comprehension as a construct by examining the convergent and discriminant 
validity of two sentence-level tasks, sentence comprehension and sentence 
repetition, designed to test syntactic comprehension and their relation with 
reading comprehension. Results from 86 Grade 6 students showed that the 
syntax tests were more highly correlated with each other than with tests of 
working memory and vocabulary. This suggests that the syntax measures tap 
into a set of skills that are at least partially separate from these other cognitive 
constructs. Furthermore, syntactic comprehension explained unique variance 
in reading comprehension beyond controls. The syntax tasks were working 
memory dependent, but working memory was not the primary reason why 
syntax tasks are correlated with reading comprehension. 
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To understand discourse or a written text the comprehender needs to – among other things 
– establish sentence meaning based on knowledge of syntactic cues such as word order 
and case marking. In a sentence such as John sees her, the preverbal position of John and 
the accusative personal pronoun her signal that John is doing the seeing. It is well 
established that it takes some years for children to acquire the syntactic cues in oral 
language (Ambridge & Lieven, 2015), but there has been less focus on possible individual 
differences in such syntactic comprehension once children progress beyond the first years 
of schooling. Yet, such individual differences may have relevance for children’s 
possibilities for benefitting from school activities, both when engaging in spoken 
discourse, and perhaps especially when they are expected to learn from written texts of 
increasing complexity more or less on their own. Persons with developmental language 
disorder are known to struggle with acquiring and using syntactic comprehension at 
school entry (Owen & Leonard, 2006), into adolescence (Nippold, 2017), and in 
adulthood (Poll et al., 2010). But it is less clear whether there are individual differences 
in syntactic comprehension of practical importance beyond what can be found in the 
minority of students with developmental language disorder. Our goal was to investigate 
syntactic comprehension as a construct in two ways: First, through demonstrating the 
convergent and divergent validity of two syntax measures compared to measures of other 
cognitive constructs. Second, by investigating the relationship between syntax and 
reading comprehension as an indication of the practical relevance of individual 
differences in syntactic comprehension construct in ordinary classrooms. 

 
 
The role of syntactic comprehension in reading 
comprehension 
 
According to the influential Simple View of Reading, reading comprehension relies on 
two partially separable components: decoding and language comprehension (Gough & 
Tunmer, 1986; Hoover & Gough, 1990). Whereas decoding is narrowly defined as 
identifying words on the basis of letters, language comprehension is a broader cover term, 
which includes language components that are shared between reading and listening 
comprehension, such as vocabulary, morphology, and inferencing. Syntactic 
comprehension, like vocabulary and morphological knowledge, can be viewed as a lower 
order comprehension skill, which is used for establishing propositional meaning. Higher 
order skills integrate propositional meanings with background knowledge, for example 
through inferencing (Kintsch & Rawson, 2005; Perfetti et al., 2005). From the perspective 
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of linguistics, syntactic comprehension clearly plays a role in the comprehension process 
by signaling the propositional relationship between word meanings. But it is not clear 
whether individual differences in syntactic comprehension in practice constitute a 
separable or important bottleneck in children’s reading comprehension. Beyond the first 
years of language acquisition, differences could be too small to have relevant impact on 
real world activities such as reading (cf. Perfetti et al., 2005, pp. 237-238 for discussion).  

Recent studies have found sizable correlations between sentence-level tasks and 
reading comprehension (Brimo et al., 2017; Deacon & Kieffer, 2018; Language and 
Reading Research Consortium & Logan, 2017; Poulsen & Gravgaard, 2016; Silva & 
Cain, 2015; Sorenson Duncan et al., 2021). To the extent that sentence-level tasks 
measure syntactic comprehension, this suggests that the individual differences are 
sufficiently large to have practical importance. But sentence-level tasks are complex, and 
the relation with reading comprehension could be confounded with several sources of 
individual differences other than syntactic comprehension, for example morphological 
knowledge, vocabulary, working memory, and background knowledge and expectations. 
Indeed, LARRC and Logan (2017, pp. 460-461) suggested that their grammar latent 
variable, which was based on sentence-level tasks and word morphology, was a strong 
predictor of reading comprehension exactly because the indicator tasks drew on a wide 
range of language skills from the word to the text level. The present study was specifically 
concerned with isolating syntactic comprehension from other levels of language 
comprehension and working memory in the prediction of individual differences in 
reading comprehension.  

 
 
Assessment of syntactic comprehension 
 
Researchers have used different terms to cover various notions that children may differ 
in the ability to process sentence-level information. This article focuses on the concept 
syntactic comprehension, knowledge about how meaning relations are signaled by word 
order and some inflectional morphology (e.g. case and verb morphology) according to 
learned conventions of a particular language, including the use of this knowledge to 
comprehend sentences (e.g. Brimo et al., 2018). Syntactic comprehension can be 
distinguished from syntactic awareness: the ability to reason about sentence structure, for 
example in word order correction tasks. Brimo and colleagues found indications in their 
meta-analysis that syntactic comprehension is a stronger correlate of reading 
comprehension difficulties than syntactic awareness. Furthermore, syntactic 
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comprehension may be relevant in a broader range of communicative activities, where 
reflecting on the structure of language is rarely applied.  

A number of different test formats have been used to measure syntactic 
comprehension, for example sentence repetition, multiple choice sentence-picture 
matching, sentence-animation verification, and multiple choice comprehension questions 
(e.g. Bishop, 2003; Brimo et al., 2017; Frizelle et al., 2019; Poulsen & Gravgaard, 2016; 
Semel et al., 2006). One central difficulty with interpreting children’s performance on 
these assessment tools is that performance may rely on other factors than syntactic 
comprehension. Frizelle and colleagues (Frizelle et al., 2017; Frizelle et al., 2019) 
recently pointed out the heavy processing load in sentence-picture matching tests such as 
the TROG where the child needs to decide which of four different pictures represents the 
correct mapping of the syntactic structure of a sentence.  

Another frequently used method is sentence repetition, where children are asked to 
repeat back sentences of varying difficulty (e.g. Semel et al., 2006). It is well established 
that the task is solved by comprehension into a meaning structure followed by 
regeneration of the sentence from this structure (Kidd et al., 2007; Lombardi & Potter, 
1992; Polišenská et al., 2015; Riches, 2012; Riches et al., 2010). However, it is still not 
clear to what extent sentence repetition is also dependent on more general memory 
resources. LARRC and Logan (2017) reported that sentence repetition loaded equally 
high on grammar and memory latent variables, suggesting that there is a sizeable memory 
component to sentence repetition. 

To separate general task demands from syntactic demands, Poulsen and Gravgaard 
(2016) developed a self-paced sentence comprehension task that required the participants 
to read sentences and answer two-choice comprehension questions addressing literal 
information encoded by the syntactic structures in the stimuli. The materials consisted of 
semantically matched basic and difficult syntactic constructions, for example active vs. 
passive. They found that performance on the sentences with difficult syntax predicted 
variance in reading comprehension beyond performance on basic syntax (on which there 
was little variance), decoding, vocabulary, and verbal working memory. Thus, the 
correlation between the syntactically demanding items and reading comprehension could 
not be explained by the general task demands or the other control measures. This result 
supports the idea that sentence-level tasks measure a construct that is important for 
reading comprehension for reasons that cannot be reduced to for example vocabulary or 
working memory. An important limitation was that the self-paced format of the task could 
have allowed the test to be sensitive to individual differences in how children strategically 
solve problems, for example by rereading difficult items. The present study aimed to 
replicate the results using an oral, non-self-paced format of the task to reduce the possible 
confounds of decoding skills and strategic rereading. 
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Any task designed to assess syntactic comprehension will potentially draw on other 
cognitive resources as well. This situation raises two questions of validity: Is there 
substantial common variation between different task formats that can reasonably be said 
to measure syntactic comprehension (convergent validity)? And is this common variance 
separable from variance in tasks that do not draw on syntactic comprehension 
(discriminant validity)? With regard to convergent validity, the correlations between 
syntax measures vary considerably. Frizelle et al. (2017) reported a correlation of .08 
between a TROG style sentence-picture matching task and a parallel sentence repetition 
measure in a sample of five-year-olds. Hjetland et al. (2019) reported a correlation of .30 
in a sample of seven-year-olds between TROG-2 and sentence repetition, and The 
Language and Reading Research Consortium and Jiang (2018) reported cross-sectional 
correlations between .52 and .66 from pre-kindergarten to Grade 3. Aside from the fact 
that different samples may have differing baseline correlations, another explanation for 
the differences across studies might be differences in task characteristics, possibly 
including differences in demands for syntactic comprehension relative to other task 
demands. Frizelle et al. (2017) assessed various types of relative clauses using the same 
target sentences in the two formats, whereas Hjetland et al. (2019) employed a sentence 
memory task with increasing sentence length, but with no apparent syntactic selection 
criteria (see examples in Klem et al., 2015). Finally, Recalling Sentences from the CELF 
test battery (Semel et al., 2006) was used in the LARRC study. In Recalling Sentences, 
sentence length, syntactic complexity, and vocabulary are confounded, and it is unclear 
how exactly syntactic comprehension is involved. 

To sum up, there is evidence that there are individual differences in school-aged 
children’s ability to extract information from sentences, but it is still unclear whether this 
is due to differences in syntactic comprehension or in other cognitive constructs involved 
in specific sentence-level tests. 

 
 
The present study 
 
The goal of the present study was to investigate the construct validity of the notion of 
syntactic comprehension, whether it differs from verbal working memory, and to what 
extent the correlation between syntactic comprehension and reading comprehension can 
be explained by working memory in middle-school aged children. The relationship with 
reading comprehension serves as an indication of whether individual differences in 
syntactic comprehension are sufficiently large to have practical relevance. The study 
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evaluated the correlational properties of two syntactic comprehension tasks designed to 
maximize syntactic load and minimize dependence on decoding, vocabulary, 
morphology, and problem solving. It is difficult to remove memory load from verbal 
syntactic tasks since syntactic comprehension involves processing and integrating 
multiple elements over time. Instead, the study controlled for verbal working memory 
with tasks that – like the syntax tasks – require the participants to store and process 
multiple linguistic units, but without syntactic cues to guide encoding and retention. 

The syntactic comprehension tasks were sentence repetition and an oral version of 
the multiple-choice sentence comprehension task used by Poulsen and Gravgaard (2016). 
Both tasks used syntactic stimuli that were deemed challenging at least into adolescence 
based on previous research (Dabrowska & Street, 2006; Ferreira, 2003; Kristensen et al., 
2014; Slobin, 1973), such as passives and non-canonical word order. The inclusion of 
two syntactic comprehension tasks allowed analyses of their convergent and discriminant 
validity compared to the other measures of decoding, vocabulary, and verbal working 
memory. More specifically, the research questions were: 

 
 

1) whether the two syntax measures were more highly correlated with each other 
than with working memory and vocabulary (convergent and discriminant 
validity). 
 

2) to what extent working memory explained variance in the syntax measures. 
 

3) to what extent the two syntax measures predicted variance in reading 
comprehension beyond measures of verbal working memory. Controls for 
decoding and vocabulary were also included to evaluate the independence of 
syntactic comprehension from these constructs. 
 

4) whether comprehension accuracy on difficult items in the sentence 
comprehension task would predict unique variance beyond control variables 
including performance on basic items. 
 
 

The last question was included as replication of Poulsen and Gravgaard (2016). A positive 
answer to the last question would indicate that the ability to handle syntactic load plays a 
role in reading comprehension. 
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Method 
Participants 
One hundred and twenty-one grade 6 students from two schools in relatively affluent 
neighborhoods in the Copenhagen area participated in the study. Some of these were 
excluded from the analyses, 10 due to missing assessment of reading comprehension and 
an additional 24 to remove confounds concerning second-language learning. One student 
had cochlear implant and difficulties with completing the receptive language tasks. This 
student was also left out of the analyses. The remaining 86 children (32 girls, 54 boys) 
had a mean age of 12;10 (SD = 0;4). They all spoke the majority language, Danish, at 
home. Parents were required to give written consent before their child could participate. 

 
Measures 
Syntactic comprehension 
Syntactic comprehension was assessed with two tasks: sentence comprehension and 
sentence repetition. In the sentence comprehension task, students listened to prerecorded 
sentences and answered questions concerning the syntactically coded information in the 
sentences. The task was very similar to the sentence comprehension task in Poulsen and 
Gravgaard (2016), but target and question sentences were presented orally rather than 
orthographically. Materials were prerecorded in a sound studio, and the task was 
administered on laptop computers using the OpenSesame version 3.2.5 experiment 
software (Mathôt et al., 2012). In each trial, the student first heard a sentence, which was 
automatically followed by a question. During the question, two written response options 
were positioned in the left and the right side of the screen. The students were asked to 
choose a response by pressing one of two buttons, each corresponding to one of the 
responses (e.g. left button for left response option).  

To manipulate and isolate syntactic difficulty, items were constructed in sets of four 
around a verb, a set of referents, and one of three syntactic alternations: active vs. passive, 
premodified noun vs. embedded relative clause, and subject-verb-object word order vs. 
object-verb-subject word order. This is exemplified in Table 1.1. For example, 1A and 
1B convey the same proposition, but either through an active or a passive construction. 
1C and 1D reverse the roles of the participants in 1A and 1B. The reversal items were 
included to counterbalance any involuntary stereotypic background expectations that 
could (mis)guide interpretation of the sentences (Traxler, 2014). The passives and 
embedded relative clauses are often used as challenging constructions in tests of syntactic 
comprehension (Bishop, 2003; Poulsen & Gravgaard, 2016), but experience from 
previous studies is that even with these constructions, ceiling effects can be expected with 
older children. Non-canonical constructions with object-verb-subject (OVS) word order 
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were included in the present study because they are known to cause difficulty from early 
childhood into adulthood (Kristensen et al., 2014; Thomsen & Poulsen, 2015). The 
canonical word order of Danish is SVO like in English. However, objects and adverbials 
are allowed in the preverbal position, in which case the subject moves to the position 
immediately following the finite verb. SVO/OVS structure is signaled by the order of 
postverbal NP’s relative to non-finite verbs and certain adverbials. Case markings on 
personal pronouns (as in English) also mark subject/object status, but in the present study, 
only word order was used to signal syntactic structure. 

The materials of the sentence comprehension task included five sets of four items 
with each syntactic alternation for a total of 60 items. The horizontal position of the 
correct answer was balanced within item sets. The order of items was fixed in the same 
quasi-random order for all participants. Items from the same sets were spread out over 
the list, and the same construction was never repeated twice in a row. The score was the 
proportion of correct answers. Cronbach’s alpha was .80 in the present sample. 
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Table 1.1  
Approximate translations of example stimuli from the sentence comprehension task  
 

  Active   Passive Question Answer 

1A The boy pushes the 
girl in school 

1B The girl is pushed 
by the boy in school 

Who pushes? The boy 

1C The girl pushes the 
boy in school 

1D The boy is pushed 
by the girl in school 

Who pushes? The girl 

  Premodified noun   Embedded relative 
clause 

Question Answer 

2A The box stands on 
the red plate every 
day 

2B The plate that the 
box stands on is red 

Which one is 
red? 

The plate 

2C The plate stands on 
the red box every 
day 

2D The box that the 
plate stands on is 
red 

Which one is 
red? 

The box 

      

  SVO   
OVS (marked by 

order of finite verb 
and adverbial 

Question Answer 

3A The farmer would 
still miss the artist 

3B The artist would the 
farmer still miss 

Who misses? The farmer 

3C The artist would 
still miss the farmer 

3D The farmer would 
the artist still miss 

Who misses? The artist 

Note. SVO vs. OVS structure is signaled by the order of the non-finite verb and the adverbial 
relative to the second noun phrase. 

 

In the sentence repetition task, the students were asked to repeat 30 sentences verbatim. 
The sentences systematically included the same syntactic constructions as the sentence 
comprehension task, but the sentence repetition task was not designed to vary difficulty 
parametrically. Table 1.2 displays the included constructions and examples of items. The 
sentences in the sentence repetition task were longer than in the sentence comprehension 
task in order for them to draw on syntactic skills rather than just rote verbal short-term 
memory. The task was administered on a laptop computer with the prerecorded items in 
a fixed, quasi-randomized order. The same syntactic construction never appeared twice 
in a row. The score was the proportion of correct answers. Cronbach’s alpha was .86 in 
the present sample. 
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Table 1.2 
Approximate translations of stimuli from the sentence repetition task sorted by syntactic 
construction 
 

Syntactic 
construction 

Number 
of 

items  
Example 

SVO 4 the little donkey teased the kid in the paddock 

Passive 4 
the ballet dancer with the sore feet was attacked by the 
talented singer 

OVS 6 the sly witch should the cheerful wizard probably summon 

Embedded 
subject relative 4 

in the morning practiced the musician who had hit the 
soldier 

Embedded 
object relative 8 

the secretary that the postman had pushed went directly on 
holiday 

Embedded 
oblique 

4 
the red house that the man with the wooden leg lives in 
must be vacated 

 

 

Working memory 
The students completed three working memory tasks: Backward digit span, Number 
sequencing, and Letter-number sequencing from WISC-V, Danish version (Wechsler 
2017). In Number and Letter-number sequencing, the students were orally given a string 
of numbers and numbers and letters, respectively, and had to repeat them in the correct 
numerical and alphabetical order. In Backward digit span, students were asked to repeat 
a string of numbers in reverse order. In all three tests, the items gradually increased in 
length. The number of correct answers was transformed to scaled scores. The manual 
reports reliability estimates between .72 to .93 for the three tests in the relevant age group. 
 
Vocabulary  
Expressive vocabulary was assessed with a task developed for research purposes (Gellert 
& Vang Christensen, 2012). The students were asked to name 84 color photos of objects. 
The score was the proportion of correct answers. Cronbach’s alpha was .84 in the present 
sample. 
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Decoding fluency 
Decoding fluency was assessed with Elbros ordlister (“Elbros word lists”) (Elbro, 1990). 
The students were asked to read two lists of 20 words and two lists of 20 nonwords. Each 
list contained (non)words of increasing difficulty from two to eight letters. Responses 
were recorded and scored for accuracy and speed by trained assistants. The score for each 
list was the number of correct responses divided by the time to complete the list. Average 
scores for words and nonwords were computed separately. As a measure of reliability, 
the correlation between the word and nonword fluency was .90 (spearman-brown 
corrected) in the present sample. 
 
Reading comprehension 
Reading comprehension was assessed with Tekstlæseprøve 8 (“Text reading test 8”) 
(Møller, 2013). The text is a connected exposition on a single subject with 43 maze items 
(four options each) and 11 two-choice recall items. The assessment was group-
administered, and the students were allowed 30 minutes to complete the assignment. This 
was five minutes more than allowed by the test manual to minimize the effect of decoding 
fluency on the test results. The score for the test was the proportion of correct answers 
out of all items. 74% of the students completed all items within the time limit. Cronbach’s 
alpha was .84 in the present sample. 

 
 
Results 
 
One outlier student scored 3.45 SD below the mean in reading comprehension. The 
reading comprehension score for that student was replaced with a value corresponding to 
the second lowest scoring student (2.44 SD below the mean). All variables had skew 
values under 1. Table 1.3 presents the descriptive statistics of the individual study 
variables.  
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Table 1.3 
Descriptive statistics 
 

Variable Mean SD   Min-max Skew 

Reading comprehension (prop. correct) .73 .12 .41-.94 -.50 

Vocabulary (prop. correct) .83 .08 .61-.95 -.76 
Decoding (words pr. min) 97.64 22.74 51.03-152.29 .05 

Decoding (nonwords pr. min.) 58.87 17.08 18.91-107.68 .24 

Backward digit span (scaled) 10.58 3.07 4-18 .29 
Number sequencing (scaled) 10.80 2.50 5-17 .13 

Letter-number sequencing (scaled) 10.76 2.85 5-17 .18 

Sentence comprehension (prop. correct) .81 .10 .62-1 -.15 

Sentence repetition (prop. correct) .56 .20 .13-.93 -.12 
 

 
To simplify further analyses, we computed composite scores for decoding fluency, 
memory, and syntactic comprehension as averaged z-scores. This was unproblematic for 
decoding fluency and syntactic comprehension because the correlations between the 
averaged measures were high (word and nonword fluency, r = .81, syntactic 
comprehension, r = .62). In contrast, the correlations between the separate working 
memory variables were low (rs between .24 and .46). These low correlations put into 
question the reasonableness of the composite score. However, the working memory 
composite correlated more highly with reading comprehension and the syntactic measures 
than the separate working memory scores. Thus, this composite measure is the most 
conservative working memory control measure. 

 Table 1.4 presents the zero-order correlations between the study variables. 
The table includes both the composite and the separate measures of syntactic 
comprehension. Both measures of syntactic comprehension correlated significantly with 
reading comprehension. In general, sentence comprehension and sentence repetition 
correlated with the other measures at about the same level, with a weak tendency for 
sentence repetition to correlate more highly with other measures. 
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Table 1.4  
Zero-order correlations between central study variables 
 

 Measure 1 2 3 4 5 6 

1. Reading comprehension -      
2. Vocabulary .50 -     
3. Decoding composite .45 .07 -    
4. Working memory composite .24 .18 .23 -   
5. Syntax composite .46 .31 .24 .45 -  
6. Sentence comprehension .41 .25 .15 .37 .90 - 
7. Sentence repetition .42 .30 .28 .43 .90 .62 

Note. r-values above .21 are significant at .05 level. 

 

The first research question was whether the two syntax measures correlated more highly 
with each other than with working memory and vocabulary. A substantial correlation 
would indicate convergent validity, and a higher correlation between syntactic measures 
than between syntax and working memory would indicate discriminant validity 
(Campbell & Fiske, 1959). Table 1.4 shows that the two syntax measures were more 
highly correlated with each other (r = .62) than with any other measure. This correlation 
was indeed significantly higher than the correlation between sentence comprehension and 
composite working memory (r = .37), t = 2.69, p < .01 (Steiger, 1980), but it was not 
higher than the correlation between sentence repetition and the working memory 
composite (r = .43), t = 1.98, p = .051. However, we conclude that the pattern is in favor 
of the analysis that the syntax measures tap into a set of skills that are at least partially 
separate from working memory. Furthermore, both syntax measures correlated more 
highly with each other than with vocabulary (both p’s < .01). This indicates that the efforts 
to minimize the vocabulary load on the syntax tasks largely succeeded, and it further 
supports the interpretation of the syntax measures tapping into their own construct, 
syntactic comprehension.  

The second research question was how much variation in the syntax measures can 
be explained by working memory. This information can be derived from Table 1.4. The 
working memory composite explained 13.7% variance in sentence comprehension, 
18.5% variance in sentence repetition, and 20.3% variance in the composite measure of 
the two. 

The third research question was to what extent the syntax measures correlate with 
reading comprehension because of shared variance with working memory. Tables 1.5-1.7 
show multiple regression and commonality analyses with reading comprehension. Table 
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1.5 shows that in model 1 with sentence comprehension and the working memory 
composite, sentence comprehension explained a total of 17% variance in reading 
comprehension. 12% is unique, while 5% is shared with the working memory composite. 
Model 2 additionally includes decoding and vocabulary as independent variables. In this 
model, sentence comprehension explained 5.4% unique variance, while 11.5% was 
common with combinations of decoding, vocabulary, and working memory. Table 1.6 
and 1.7 show parallel analyses with sentence repetition and the composite syntax 
measure. The results are largely parallel, except that sentence repetition did not explain 
significant unique variance beyond decoding, vocabulary, and working memory (p = 
.053). 
 

 

Table 1.5  
Multiple regression and commonality analyses of sentence comprehension with reading 
comprehension as dependent variable 
 

Predictor β Unique R2 Common R2 Total R2 
Model 1     
  Working memory composite .103 .009 .050 .059 
  Sentence comprehension .373 *** .120 .050 .170 
Model 2     
  Decoding .383*** .138 .060 .198 
  Vocabulary .409*** .156 .091 .247 
  Working memory composite  -.014 .001 .059 .059 

  Sentence comprehension .257** .054 .115 .170 
Note. ** p < .01, *** p < .001. 
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Table 1.6  
Multiple regression and commonality analyses of sentence repetition with reading 
comprehension as dependent variable 
 

Predictor     β Unique R2 Common R2 Total R2 
Model 1     
  Working memory composite .076 .005 .054 .059 
  Sentence repetition .385*** .121 .054 .175 
Model 2     
  Decoding .364*** .121 .078 .198 
  Vocabulary .414*** .155 .092 .247 
  Working memory composite .004 .001 .059 .059 

  Sentence repetition .190 + .026 .149 .175 
Note. *** p < .001, + p < .10. 

 

 

Table 1.7 
Multiple regression and commonality analyses of the syntax composite with reading 
comprehension as dependent variable 
 

Predictor    β Unique R2 Common R2 Total R2 

Model 1     
  Working memory composite .046 .002 .057 .059 

  Syntax composite .441*** .156 .057 .213 

Model 2     
  Decoding .363*** .122 .077 .198 

  Vocabulary .396*** .142 .105 .247 

  Working memory composite -.030 .001 .058 .059 

  Syntax composite .267** .052 .161 .213 
Note. ** p < .01, *** p < .001. 

  

The fourth research question was whether accuracy on difficult items in the sentence 
comprehension task would predict unique variance beyond control variables including 
accuracy on basic items in sentence comprehension. This largely turned out to be the case. 
Sentence comprehension accuracy was significantly lower on difficult (M = .69, SD =.16) 
than on basic items (M = .93, SD = .06), Wilcoxon signed rank p < .001. Basic (r = .33, 
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p < .001) and difficult sentence comprehension (r = .39, p < .001) correlated with reading 
comprehension at approximately the same level. Table 1.8 presents a hierarchical 
regression analysis with reading comprehension as the dependent variable. Basic sentence 
comprehension explained 2% variance in reading comprehension after controlling for 
working memory, decoding, and vocabulary, but this was not significant (p = .08). 
Difficult sentence comprehension explained a significant 4% unique variance in step 3 
after control variables including basic sentence comprehension (p = .023). Thus, although 
both basic and difficult sentence comprehension correlates with reading comprehension 
at approximately the same level, the correlation between basic sentence comprehension 
and reading comprehension is largely explained by other factors. These results suggest 
that when the syntactic load on the sentence task is increased, the sentence comprehension 
task becomes a stronger unique predictor of reading comprehension.  
 
 
Table 1.8 
Hierarchical regression analyses with reading comprehension as dependent variable 
 

Predictor R2 ΔR2 Final β 
Step 1 .42 .42***  
  Working memory Composite   -.01 ns 
  Decoding    .39*** 
  Vocabulary    .41*** 
Step 2 .44 .02 +  
  Basic sentence comprehension acc.    .04 ns 
Step 3 .48 .04 *  
  Difficult sentence comprehension acc.      .23 * 

Note. * p < .05, *** p < .001, + p < .10 

 
 
Discussion 
 
The study evaluated the convergent and discriminant validity of two researcher-
developed measures of syntactic comprehension, and whether syntactic comprehension 
is related to reading comprehension in Grade 6 children. The tests were specifically 
designed to reduce dependence on other cognitive constructs such as problem solving and 
demanding vocabulary. The analyses showed that the syntax measures, sentence 
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comprehension and sentence repetition, were more highly correlated with each other than 
with decoding, vocabulary, and working memory. Although the correlation between 
sentence repetition and sentence comprehension was only marginally stronger than 
between sentence repetition and working memory (p = .051), the pattern did not differ 
substantially from the sentence comprehension results. We cautiously interpret these 
results to support the convergent and discriminant validity of the syntactic comprehension 
measures and the syntactic comprehension construct.  

Furthermore, the present study replicated previous studies that have found unique 
contributions from sentence-level measures to reading comprehension across several 
languages, including English, Cantonese, and Danish (Brimo et al., 2017; Deacon & 
Kieffer, 2018; Language and Reading Research Consortium & Logan, 2017; Poulsen & 
Gravgaard, 2016; Tong & McBride, 2017). The present results extend the previous results 
in a number of ways. First, working memory was moderately correlated with the syntactic 
composite. This supports the notion that sentence comprehension is (partially) dependent 
on more domain-general working memory capacity, as has been suggested in the sentence 
processing literature (cf. Schwering & MacDonald, 2020 for a relevant review). But a lot 
of the variation in the syntax tasks was not explained by working memory, and working 
memory was not substantially responsible for the correlation between the syntactic 
measures and reading comprehension: Commonality analyses showed that shared 
variance between the syntax composite and working memory explained 5.7% variance in 
reading comprehension, compared to 15.6% uniquely explained by the syntax composite. 
Thus, for the practical purposes of reading comprehension, there is more to sentence 
comprehension than just working memory. It should be noted that we used a definition of 
syntactic comprehension that includes the ability to process syntactic information 
(MacDonald & Christiansen, 2002). Other conceptualizations may consider processing 
the domain of the working part of working memory (Crain & Shankweiler, 1988; Smith 
et al., 1989). The theoretical delimitation of working memory cannot be solved in the 
present paper. However, from an educational point of view, it useful to know that some 
children struggle with acquiring and/or using domain-specific syntactic comprehension 
rather than with more domain-general working memory, as a domain-specific problem 
may call for more specific interventions. 

Second, the present design and results strengthen the evidence that it is syntactic 
comprehension demands rather than other language comprehension demands that are 
responsible for the correlation between sentence-level tasks and reading comprehension. 
The sentence-level tasks were designed to maximize dependence on children’s ability to 
use syntactic comprehension, and to minimize other sources of language comprehension 
difficulty that have been suggested to explain the correlation between sentence-level tasks 
and reading comprehension, e.g. from vocabulary or morphology (Language and Reading 
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Research Consortium & Logan, 2017). The low correlation between the syntax tasks and 
vocabulary suggests that the design efforts were successful to some degree. 

Third, the results partially confirmed the result from Poulsen and Gravgaard (2016) 
that performance on the difficult sentences in the sentence comprehension task explained 
significant variance beyond performance on basic sentences. Performance on the basic 
sentences was near ceiling, indicating that the task format in itself is not very challenging. 
However, in contrast to Poulsen and Gravgaard, accuracy on the basic structures was 
significantly correlated with reading comprehension. But this correlation was accounted 
for by the other control variables, suggesting that it was due to other task demands. 
Performance on the difficult sentences, on the other hand, explained unique variance in 
reading comprehension even after controlling for performance on basic items. This 
supports the possibility that the ability to handle syntactic load specifically is related to 
reading comprehension.  

However, these results appear to contradict recent results from a study of English 
speaking grade 5 students that variance on basic – rather than difficult constructions - 
uniquely predict reading comprehension (Sorenson Duncan et al., 2021). The study used 
a sentence comprehension task similar to the present, but with generally lower accuracy 
scores, below chance level for many students on the difficult constructions. The 
constructions were largely comparable to the ones in the present study, but task difficulty 
was higher, as measured by mean accuracy scores, probably because of an additional 
distractor and because sentences often were nonsensical. Despite the differences in 
results, both studies indicate that syntactic comprehension is important for the sentence 
comprehension tasks: Even beyond the first years of schooling, children find some 
syntactic structures difficult, and this is correlated with reading comprehension after 
controlling for working memory. The conflicting results suggest that the correlation with 
reading comprehension depends more on whether the task difficulty is sensitive to the 
relevant range of skills in the sample, rather than specific constructions. Thus, the 
problem for some children probably is not that they simply do not know specific difficult 
constructions that mostly occur in written text, but rather that their syntactic 
comprehension is not sufficiently robust to be applied with consistent success when the 
demands are high.  

Contrary to Poulsen and Gravgaard (2016), the students in the present study and in 
Duncan et al. (2021) did not have the opportunity to strategically reprocess the stimuli 
through rereading. This reduces the possibility that the difference between basic and 
difficult items reflects individual differences in more general problem solving when faced 
with difficult tasks, in the sense that some students could be generally more inclined to 
apply strategic behavior than others. 
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Together, the present and previous results strengthen the case that individual 
differences in syntactic comprehension play a role in practice in ordinary classrooms 
when it comes to reading comprehension. The results support the inclusion of syntactic 
comprehension as a component of language comprehension in models that explain 
individual differences in reading comprehension, such as the Simple View of Reading 
(Gough & Tunmer, 1986; Hoover & Gough, 1990) and newer conceptions in that tradition 
(Catts, 2018; Perfetti et al., 2005).  

 

Limitations 
The present study used researcher-created measures of syntax instead of traditional 
standardized test such as the TROG or tasks from the CELF. The reasoning was that the 
traditional tests may introduce non-syntactic factors to avoid ceiling effects, especially at 
the higher difficulty levels. The present results suggest that the researcher-created tasks 
successfully avoided heavy influence from vocabulary or memory, although the sentence 
repetition format may be more heavily influenced by working memory. However, since 
the study did not include traditional measures, it is not possible to make direct 
comparisons to see whether the researcher-created measures were indeed purer measures 
of syntactic comprehension than traditional measures. An important goal for future 
studies is to make such comparisons. 

The present study did not clearly address the issue of the separability of vocabulary 
and syntax. Influence from vocabulary was minimized in the construction of materials 
from the syntactic tasks, and the correlations between the syntax measures and vocabulary 
were weak in this sample of middle-school aged children. It is unlikely that this was due 
to any simple sense of low reliability or validity of the vocabulary measure, since the 
reliability was high, and vocabulary was the strongest correlate of reading 
comprehension. But the lack of multiple indicators of vocabulary prevents modelling of 
the role of measurement error in the separation of syntax and vocabulary. Lervåg, Hulme, 
and Melby-Lervåg (2018) in a Norwegian study found that their grammar construct did 
not predict variance in reading comprehension beyond other language measures when 
modeling measurement error. Their grammar construct included both morphological and 
syntactic tasks, and the other language constructs included indicators, such as listening 
span and inferencing, which presumably depended on syntactic processing of some sort. 
Further studies are needed to ascertain whether clearer independent contributions to 
reading comprehension can be found if the different language comprehension sub-
constructs use indicators that are more clearly differentiated. 

It should be noted that the idea that individual differences in syntactic 
comprehension is important for reading comprehension does not depend strongly on the 
separability of individual differences in vocabulary and syntax. There are both theoretical 
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(Ambridge & Lieven, 2015; Goldberg, 1995; Tomasello, 1992) and empirical (Language 
and Reading Research Consortium, Jiang, Logan, et al., 2018) reasons to believe that the 
development of syntax is tightly linked to the development of vocabulary, and that the 
processing of different language components are intertwined (cf. Schwering & 
MacDonald, 2020). A relatively strong correlation between syntactic comprehension and 
reading comprehension still indicates that children who struggle with reading 
comprehension also struggle with assigning meaning based on syntactic cues, irrespective 
of whether these children have other language difficulties or not. However, indications of 
separability of syntax and vocabulary strengthen the case that syntactic difficulties are a 
barrier for text comprehension that cannot be explained away by failure to understand 
certain words. Ultimately, the issue of causality cannot be solved by regression studies. 
Intervention studies are needed.  

 

Conclusion 
The sentence comprehension and sentence repetition measures of the present study 
appeared to measure a construct separate from basic verbal working memory. Although 
the question of separability of individual differences in sub-constructs of language 
comprehension is still unclear, the present study provides evidence that students with poor 
reading comprehension also have a tendency to misinterpret the literal, syntactically 
coded meaning of sentences with easy vocabulary, especially if the syntax is challenging. 
Thus, what superficially appears as poor memory of a text – and maybe spoken messages 
– could instead stem from ineffectual encoding of propositional meaning based on word-
order cues. The size of the correlations indicates that individual differences in syntactic 
comprehension could be as important as decoding and vocabulary to the variation in 
reading comprehension in ordinary classrooms. Some studies have shown promise in 
improving syntactic comprehension of children with developmental language disorder 
(Balthazar et al., 2020). But larger scale studies of interventions applicable in ordinary 
classrooms with practical outcome measures - such as reading comprehension - are 
needed. Such studies would also provide more direct evidence of causality.  
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Abstract 

 
Purpose: The present study examines the dimensionality of vocabulary and 
syntactic comprehension in relation to reading comprehension, controlling for 
measurement error both statistically by using latent variable modelling and 
by design by using specially designed tests of syntactic comprehension. 
Method: One hundred and sixty-one sixth-grade students completed multiple 
tests of decoding, vocabulary, reading comprehension, and three researcher-
created syntactic comprehension tests. 
Results: Syntactic comprehension and vocabulary constituted separate 
correlated factors, and syntactic comprehension explained variance in reading 
comprehension beyond vocabulary and decoding.  
Conclusion: Syntactic comprehension and vocabulary constitute separate 
sources of individual variance in language comprehension. Furthermore, the 
study suggests that for sixth-grade students in regular classrooms, individual 
differences in syntactic comprehension are at least as important as individual 
differences in vocabulary.  
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Introduction 
 
Across diverse linguistic theories, syntax is recognized as a central part of how languages 
convey meaning, and thus an important part of understanding spoken or written language 
is discerning the syntactic relations between words and phrases in a sentence (Chomsky, 
2002; Dik & Hengeveld, 1997; Harder, 1997; Matthews, 1981; Valin & LaPolla, 1997). 
This notion is empirically supported by a vast amount of studies in psycho- and 
neurolinguistics that indicate that people at least partially process the syntactic structure 
of sentences when comprehending them (see Macdonald & Hsiao, 2018; Osterhout et al., 
2012 for overviews). However, it is less clear if syntactic comprehension constitutes a 
source of individual differences in typically developing school-aged children and if these 
individual differences are of any practical relevance. There is reason to suspect that 
syntactic comprehension plays an important part in reading comprehension, especially 
from around middle school and onwards. At this age, children are expected to read to 
learn, and school texts grow increasingly difficult, in terms of both subject matter, 
vocabulary, and syntactic structure (Fang, 2006; Snow & Uccelli, 2009). Thus, poor 
syntactic comprehension may form a bottleneck in reading comprehension for some 
children, potentially leading to diminished learning outcomes and lower educational 
attainment. Although an increasing number of studies examine the relationship between 
syntactic comprehension and reading comprehension, the majority of these studies use 
multiple regression to estimate relations between observed variables (e.g. Article 1 in the 
present dissertation; Silva & Cain, 2015; Sorenson Duncan et al., 2021). An important 
limitation to such analyses is that they do not account for measurement error, which may 
lead to misidentification of the relationships between variables (Nunnally & Bernstein, 
1997). In order to minimize the influence of measurement error, a growing number of 
studies employ latent variable modelling. However, the few existing latent variable 
studies of syntactic comprehension make use of standardized syntactic comprehension 
measures that likely tap into a wider range of linguistic and non-linguistic skills, 
potentially confounding results. The present study examines the relationship between 
syntactic comprehension and reading comprehension in sixth-grade children and manages 
measurement error both statistically by employing latent variable modelling and by 
design by using syntactic comprehension tests that are specifically designed to be less 
dependent on other linguistic and nonlinguistic skills.  
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Syntactic comprehension and reading comprehension 
 
When comprehending text, it is not sufficient to know the meaning of the individual 
words. One must also understand how words in a sentence cluster into units and how 
these units combine into meaningful propositions. For example, in the sentence “The old 
woman saw the man with the beautiful flowers”, it is not enough to know the meaning of 
“old”, “woman”, “saw”, “man”, “beautiful”, and “flowers”. One must also be able to 
derive the meaning relations between words based on syntactic signals such as word 
order. In the example above, word order not only signals who is doing what to whom 
(“the woman” is the one seeing, and “the man” is the one being seen), it also signals how 
words combine into meaning units (“the man” has “the beautiful flowers”, “the woman” 
is “old”, and “the flowers” are “beautiful”.) In the same way, syntactic signals can also 
indicate what happens when, where, and why. Take the example sentence “the woman, 
who I met this morning, saw the man as she crossed the parking lot on her way to the 
store”. Here word order signals what happened “this morning” (the speaker met the 
woman), and what happened as the woman crossed the parking lot (she saw the man). 
Sometimes, such relations may be inferable from context and background knowledge, but 
even then, robust understanding of the syntactic signals will help consolidate the literal 
meaning of the sentence. This implicit knowledge of how syntax expresses meaning 
relations between words has been denoted by various terms such as syntactic knowledge, 
sentence comprehension, or simply syntax. In this paper we use the term syntactic 
comprehension in line with MacKay et al. (2021).  

As apparent from the example above, together with knowledge of individual words 
(i.e. vocabulary), syntactic comprehension is a principal part of understanding the 
propositional content of sentences. However, it is less clear if syntactic comprehension 
explains unique variance in reading comprehension beyond vocabulary. In other words, 
do some children experience reading comprehension difficulties not because they do not 
know the meaning of the individual words, but because they have difficulties 
understanding how the individual words relate to each other? The example sentences 
above may not pose comprehension difficulties for the majority of typically-developing 
school-aged children. However, in school texts, especially from middle school and 
onwards, texts grow increasingly syntactically complex, for example containing longer 
nominal phrases and more subordination (Fang, 2006; Uccelli et al., 2015). In addition to 
more complex syntax, the texts may also contain more difficult subject-specific 
vocabulary (e.g. technical scientific terms), and the subject matter itself may be more 
difficult, covering complex topics within for example science or history. Furthermore, 
children will likely only have little background knowledge on these academic subjects, 
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making it more difficult to guess or infer how word meanings relate to each other in 
complex sentence meanings. Thus, successful reading comprehension may become 
increasingly dependent on the ability to make use of syntactic signals such as word order 
to help combine the meaning of individual words into meaningful propositions.  

 
 
The dimensionality of syntactic comprehension and 
vocabulary 
 
The question of whether syntactic comprehension plays a unique role in reading 
comprehension beyond vocabulary depends in part on the dimensionality of syntactic 
comprehension and vocabulary, that is, whether syntactic comprehension represents a 
unique source of individual differences in language comprehension - distinct or partially 
distinct from vocabulary. In other words: Do we find children with relatively poor 
syntactic comprehension, but good vocabulary, and vice versa? A growing number of 
studies have examined the dimensionality of lower-language skills, especially the 
dimensionality of grammar and vocabulary (Anthony et al., 2014; Language and Reading 
Research Consortium, 2017; Language and Reading Research Consortium et al., 2018; 
Foorman et al., 2020; Language and Reading Research Consortium, 2015; Lonigan & 
Milburn, 2017; Tomblin & Zhang, 2006; Wilson & Bishop, 2021; Zhang, 2012). The 
majority of studies find evidence that grammar and vocabulary either represent a single 
construct (Anthony et al., 2014; Language and Reading Research Consortium et al., 2018) 
or separate constructs that are so highly correlated that there is only limited support for 
discrimination between them (Lonigan & Milburn, 2017; Tomblin & Zhang, 2006). 
Although Language and Reading Research Consortium (2015) and Tomblin and Zhang 
(2006) found evidence that vocabulary and grammar become more separate with age, the 
correlations remained very high even in the oldest age groups (r’s at .78 and .90). 
However, grammar is most commonly operationalized as a combination of syntactic and 
morphological knowledge, and therefore grammar variables often encompass potentially 
quite different skills, including both sentence level (syntax) and word-level (morphology) 
measures. Measures of morphological knowledge target word-level knowledge such as 
correct inflection of verbs and nouns (e.g. in tense, number, or definiteness), while syntax 
measures target sentence-level processes such as the comprehension or production of 
specific syntactic structures. In order to study more closely the dimensionality of lower 
language skills and how these specific skills are related to reading comprehension, this 
study focuses on one specific aspect of grammatical knowledge, namely syntactic 
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comprehension: the ability to make use of syntactic signals to combine the meaning of 
individual words in a sentence into propositions. 

Studying the dimensionality of vocabulary and syntactic comprehension raises the 
question of which mechanisms of language acquisition or language processing would 
underlie a potential distinction between vocabulary and syntactic comprehension. There 
is substantial empirical and theoretical support for vocabulary and syntax being closely 
related (Croft, 2000; Langacker, 2016; Tomasello, 2003). However, there are also reasons 
to expect that syntactic comprehension and vocabulary may vary partially independently 
from each other across individuals. One conceivable possibility is that the development 
of vocabulary is more dependent on environmental factors than syntactic comprehension 
is. Studies have shown that vocabulary is greatly affected by socioeconomic status, in 
part due to large differences in the number of different words children are exposed to both 
through caregiver speech and book reading (Fernald et al., 2013; Logan et al., 2019). 
However, while languages contain a million words or more, there is a limited set of 
syntactic constructions. Indeed, irrespective of theoretical disagreements in linguistics, a 
central feature of syntax is that an infinite number of propositions can be conveyed with 
a limited set of rules or constructions (Chomsky, 2002; Croft & Cruse, 2004). In this way, 
syntactic comprehension may be less affected by environment simply because there is 
less room for variance in the syntactic structures children are exposed to. This notion is 
supported by several twin studies who find that although vocabulary and syntax are 
affected by the same genetic influences, vocabulary is less dependent on genes and more 
dependent on shared environment than syntax is (Dale et al., 2000; Dionne et al., 2003; 
Mimeau et al., 2018). A second possible mechanism behind a partial distinction between 
vocabulary and syntactic comprehension is that the processing of vocabulary and 
grammar may be based on separate neurological processes, declarative and procedural 
memory, respectively (Ullman, 2004). The present study cannot inform on the 
mechanisms behind the dimensionality of syntactic comprehension and vocabulary, but 
can reveal to which extent syntactic comprehension and vocabulary vary independently 
from each other across individuals.  

 
 
Previous studies of syntactic comprehension and 
reading comprehension 
 
In the following review of previous studies, we do not include studies that examine the 
more general construct of grammar, consisting of both syntax and morphology. Also we 
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do not include studies of the related construct syntactic awareness, the ability to explicitly 
reason about syntactic structure as previous studies indicate that syntactic awareness is a 
separate construct from syntactic comprehension (Brimo et al., 2017; Brimo et al., 2018). 
A considerable number of studies have examined the relationship between syntactic 
comprehension and reading comprehension. The majority of these studies find that 
syntactic comprehension uniquely predicts variance in reading comprehension after 
controlling for vocabulary and additional controls, ranging from 5% to 12% (Gottardo et 
al., 2018; Poulsen & Gravgaard, 2016; Poulsen et al., 2022; Silva & Cain, 2015; Sorenson 
Duncan et al., 2021; Tong & McBride, 2017). These studies do not explicitly examine the 
dimensionality of syntactic comprehension and vocabulary, but the fact that syntactic 
comprehension explains unique variance after controlling for vocabulary indicates that 
syntactic comprehension and vocabulary are at least partially separate constructs. 
However, a limitation to these studies is that the analyses are based on observed variables, 
leading to attenuation of correlations between variables (Nunnally & Bernstein, 1997). In 
hierarchical regression analyses, this may lead both to underestimating the unique 
contribution of syntactic comprehension (due to error in the syntactic comprehension 
measure) or to overestimating the unique contribution of syntactic comprehension (due 
to error in the control variables). 

To mitigate the issues of measurement error in psychological tests, a growing 
number of studies employ latent variable modelling such as confirmatory factor analysis 
(CFA) and structural equation modelling (SEM) to study the relationship between 
language skills. In these methods, multiple measures of each construct are used to 
estimate latent variables without error variance, producing more reliable estimates of the 
relationships between constructs. To our knowledge, only three studies have examined 
the dimensionality of syntactic comprehension and vocabulary using latent variable 
modelling: Foorman, Herrera, et al. (2015), Foorman, Koon, et al. (2015), and Kieffer et 
al. (2016). These studies examined the dimensionality of syntactic comprehension and 
vocabulary in relation to reading comprehension and various other constructs, including 
phonological awareness, decoding skill, listening comprehension, and morphological 
awareness. The three studies reach the same overall conclusion: Vocabulary and syntactic 
comprehension largely reflect a single construct, and syntactic comprehension does not 
explain unique variance in reading comprehension after controls. More specifically, 
Foorman, Herrera, et al. (2015) found that vocabulary and syntactic comprehension 
represent a single construct either as a first- or second-order factor in kindergarten through 
second grade. Foorman, Koon, et al. (2015) and Kieffer et al. (2016) examined fourth to 
tenth grade and third to fifth grade, respectively, and found that the dimensionality of data 
is best represented by bifactor models, consisting of both a general language factor that 
reflects vocabulary and syntactic comprehension and additional separate factors of 
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syntactic comprehension and vocabulary. These results indicate that although there is 
some unique shared variance between syntactic comprehension measures, there is a 
substantial overlap between vocabulary and syntactic comprehension, providing little 
support for viewing syntactic comprehension and vocabulary as separate constructs.  

However, the studies above use syntactic comprehension tests that arguably invoke 
other linguistic and nonlinguistic skills in addition to syntactic comprehension, 
potentially confounding the latent syntactic comprehension variable and overestimating 
the relationship between syntactic comprehension and vocabulary. Both Foorman, Koon, 
et al. (2015) and Foorman, Herrera, et al. (2015) used the Recalling Sentences subtest 
from the CELF-4 (Semel et al., 2003). Previous studies have found that although sentence 
repetition tasks do tap into syntactic comprehension, they also tap into vocabulary 
knowledge (Leclercq et al., 2014; Article 4 in the present dissertation). In addition to 
Recalling Sentences, Foorman, Herrera, et al. (2015) used the Sentence Structure subtest 
from the CELF-4 (Semel et al., 2003), and Foorman, Koon, et al. (2015) used a 
grammatical judgment test. The Sentence Structure subtest uses a multiple-choice 
picture-selection format which studies show is highly dependent on non-linguistic 
complex reasoning skill (De Cat & Melia, 2022; Frizelle et al., 2017; Article 4 in the 
present dissertation), and grammatical judgment tests arguably tap into syntactic 
awareness rather than syntactic comprehension (Brimo et al., 2018). Finally, Kieffer et 
al. (2016) used a single measure of syntactic comprehension, namely the Formulated 
Sentences subtest from the CELF-4 (Semel et al., 2003). In this test participants have to 
produce grammatically, semantically, and logically acceptable sentences that include 
specific target words and describe specific pictures. At face value, this task involves more 
than just syntactic comprehension. The participant also has to attend to the pictures, 
understand the target words, and come up with novel sentences. In fact, the scoring 
instructions put more emphasis on producing a sentence that accurately describes the 
picture than on producing syntactically correct sentences in that sentences that do not fit 
the pictures are given zero points, while sentences that contain up to two grammatical 
errors, but fit the picture, are given one point (Semel et al., 2003).  

An advantage to latent variable modelling is that it allows for more precise 
estimation of constructs by modelling the shared variance between two or more 
indicators. This partitions out random error variance and format-specific variance 
(variance caused by the specific test format rather than the target construct) (Brown, 
2015). However, this only works to the extent that the shared variance between indicators 
represents the target construct (Rhemtulla et al., 2020). In the three studies above, the 
syntactic comprehension tasks likely involve additional skills to syntactic comprehension, 
including vocabulary and fluid-reasoning skill, making it difficult to determine whether 
the shared variance between syntax measures actually reflects syntactic comprehension. 
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Thus, it is unclear if the models accurately represent the relationship between syntactic 
comprehension, vocabulary, and reading comprehension.  

 
 

Present study 
 
The goal of the present study was twofold. First, we investigated whether syntactic 
comprehension and vocabulary constitute separate sources of individual variance in 
language comprehension by examining the dimensionality of vocabulary and syntactic 
comprehension measures. Second, we examined if individual differences in syntactic 
comprehension were related to reading comprehension by examining if syntactic 
comprehension explained variance in reading comprehension after controls of vocabulary 
and decoding skill. This study examines sixth-grade children because there is evidence 
that comprehension subcomponents have started to separate out into different dimensions 
at this age (Language and Reading Research Consortium et al., 2018; Tomblin & Zhang, 
2006) and because at this age school texts become increasingly complex, potentially 
putting more pressure on the ability to use syntactic signals to understand texts. The study 
handles measurement error both statistically by using latent variable modelling and by 
design by using syntactic comprehension tests specifically designed to measure syntactic 
comprehension and to minimize the influence of other linguistic and non-linguistic skills.  

 
 
Method 
Participants 
One hundred ninety sixth-grade students from three public schools in the Greater 
Copenhagen area participated in the study in the fall of 2021. This was during the 
COVID-19 pandemic, but schools were open at this point. Twenty-nine students were 
bilingual and were not included in the analyses in order to avoid any confounds from 
second-language learning. The remaining students (77 girls, 84 boys) had a mean age of 
12;3 (SD = 0;4). The students were tested twice individually by trained student assistants 
in a quiet room at their school during school hours. The reading comprehension tests were 
administered in groups. Only students with written consent from a parent participated in 
the study, and students gave their assent prior to testing. The study was approved by the 
Research Ethics Committee at the Faculty of Humanities at the University of Copenhagen 
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in accordance with relevant guidelines and legislations, including the Declaration of 
Helsinki and The European Code of Conduct for Research Integrity. 
 
Syntactic comprehension 
Syntactic comprehension was measured with three researcher-created tests: a sentence 
repetition test, a written whodunnit test, and an oral whodunnit test. The items in all three 
tests were designed to be semantically reversible so children had to rely on syntactic cues 
rather than background knowledge. As sentence repetition tests have previously been 
shown to also tap into vocabulary knowledge (Leclercq et al., 2014; Article 4 in the 
present dissertation), extra care was taken in the design of the sentence repetition test to 
minimize vocabulary demands and increase demands on syntactic comprehension. This 
was done by using simple vocabulary and including difficult syntactic constructions such 
as passives, object-extracted relative clauses, and object-verb-subject constructions, 
which are known to cause comprehension difficulties (Boeg Thomsen & Poulsen, 2015; 
Dabrowska & Street, 2006; Ferreira, 2003; Kristensen et al., 2014). The two whodunnit 
tests were also designed with simple vocabulary and difficult syntactic constructions. All 
three syntactic comprehension tests were administered on a laptop computer using 
OpenSesame experiment software version 3.3 (Mathot et al., 2012). Items were presented 
in a fixed quasi-randomized order.  

In the sentence repetition test, the students heard pre-recorded sentences, which 
they were asked to repeat verbatim. There were thirty sentences representing six syntactic 
constructions. The included syntactic constructions and examples of items are presented 
in Table 2.1. The score was the proportion of correctly repeated sentences.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Article 2: Syntactic comprehension – A separate source of individual variance in 
middle-school children’s reading comprehension 

 
 

46 
 

Table 2.1 
Syntactic constructions in the sentence repetition test and approximate translations of 
examples of items 
 

Construction Item Example (approximate translation) 
Active subject-verb-object 4 The weird creature discovered the 

princess in the castle 
Passive 4 The nurse with the long hair was 

embraced by the pale patient 
Active object-verb-subject 6 The queen would the king probably offer 

the warm soup (“The king would 
probably offer the queen the warm soup”) 

Subject-extracted relative clause 4 In the shadow rested the grandmother 
that had tickled the child  

Object-extracted relative clause 8 On the ship played the cat that the rat 
had bitten (“On the ship the cat that the 
rat had bitten played”) 

Oblique-extracted relative clause 4 The yellow table that the vase with 
flowers is standing on, needs to be 
painted 

 
 
The oral whodunnit test was identical to the sentence comprehension test used in Article 
1 in the present dissertation. The students first heard a pre-recorded sentence (e.g. 
“George was kicked by Sam under the table”), and then heard a question regarding the 
syntactically coded information in the sentence, for example who kicked? They responded 
by pressing one of two keys corresponding to two written response options shown on the 
screen (here George and Sam). The questions could not be correctly answered based on 
background knowledge and thus required the student to establish meaning relations 
between words solely based on syntactic signals. The test contained 60 items representing 
five syntactic constructions, and the score was the proportion of correct answers. The five 
syntactic constructions are presented in Table 2.2 with examples of items.  
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Table 2.2 
Syntactic constructions in the oral whodunnit test and approximate translations of 
examples of items 
 
Construction Items Example sentence Question Correct response 
Active SVO 20 The boy pushes the girl 

in school 
Who 
pushes? 

The boy 

Passive 10 Fred is kicked by Tom 
at the table 

Who is 
kicking? 

Tom 

Premodified 
noun 

10 The big bunny chased 
the pig on the field 

Who was 
big? 

The bunny 

Embedded 
relative 
clause 

10 The bucket that the 
bag lies in at night is 
black 

Which one 
was black? 

The bucket 

OVS 10 The soldier has the 
police officer probably 
helped 

Who helps? The police officer 

 

 

The written whodunnit test was nearly identical to the oral sentence comprehension test 
with the exception that the sentences and questions were presented in writing on the 
screen rather than orally. The items were different, but represented the same five syntactic 
constructions. Because the two whodunnit tests were similar in format, we expected to 
see a learning effect from one test to the other. For this reason, the order of administration 
was balanced across students, with half of the students given the written test first, and the 
other half given the oral test first.  
 

Decoding fluency 
Decoding fluency was measured with a word and a non-word list from Elbros ordlister 
(“Elbro’s Word Lists”) (Elbro, 1990). The lists consisted of twenty items each, and the 
score was the number of correct responses divided by the time it took to read the list. The 
data originally included a third decoding measure from the EVALD test material 
(Petersen & Rønberg, 2020), but based on preliminary analyses, the format of this 
measure was too dependent on language comprehension in the current age group for the 
purposes of the present study and was not included in the main analyses. 
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Vocabulary 
Vocabulary was measured with a researcher-created productive vocabulary test (Gellert 
& Vang Christensen, 2012) and a Danish adaptation of the Peabody Picture Vocabulary 
Test (PPVT) (Dunn, 1959; Nielsen, 2008). In the adapted PPVT, the students were asked 
to point to the one of four pictures that best represented a word spoken by the examiner. 
There were 150 items, which increased in difficulty, and the test was discontinued after 
six incorrect responses across eight consecutive items. In the productive vocabulary test, 
children were presented with 90 pictures of objects and had to name the object in each 
picture. In both vocabulary tests, the score was the proportion of correct items.  
 

Reading comprehension 
Reading comprehension was measured with two tests: A standardized test, 
Tekstlæseprøve 8 (“Text reading test 8”) (Møller, 2015) and a Danish translation of part 
of the Diagnostic Reading Analysis (DRA) test (Crumpler & McCarty, 2004; Daugaard 
et al., 2017). Text Reading Test 8 (TRT 8) is a connected expository text on a single topic 
with 11 yes-no comprehension questions and 43 cloze items with four options each. The 
children were given 35 minutes to complete the test. The adapted DRA test consisted of 
eight short expository and narrative texts with between five and six open-ended 
comprehension questions for each text. There were a total of 48 questions, and the 
students were given 30 minutes to complete as many as possible.  
 

Analyses 
The dimensionality of syntactic comprehension and vocabulary and the relationship 
between syntactic comprehension and reading comprehension were analyzed using 
confirmatory factor analysis and structural equation modelling. All analyses were 
performed in R statistical software version 4.1.2 (R Core Team, 2021) using the lavaan 
package version .6-10 (Rosseel, 2012). We used maximum likelihood estimation with 
robust (Huber-White) standard errors and a scaled chi-square (χ2) test statistics to adjust 
for the slight nonnormality of the data. Missing data were handled using full information 
maximum likelihood. Model fit was assessed based on the χ2 statistic, Comparative fit 
index (CFI), Tucker-Lewis index (TLI), Root Mean Square Error of Approximation 
(RMSEA), and Standardized Root Mean Squared Residual (SRMR). A non-significant χ2 
statistic, CFI ≥ .95, TLI ≥ .95, RMSEA ≤ .06 and an SRMR ≤ .08 was interpreted as 
indicative of excellent fit (Brown, 2015; Hu & Bentler, 1999). Model comparison was 
performed using the scaled χ2 difference test and by comparing the Akaike Information 
Criterions (AIC), where smaller values indicate better fit. In addition to factor analyses, 
the dimensionality of syntactic comprehension was assessed by calculating the Average 
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Variance Extracted (the average amount of variance a factor explains in its indicators) 
and Construct Reliability (the total amount of variance in all indicators explained by the 
factor). Average Variance Extracted (AVE) values above .50 and Construct Reliability 
values above .70 were considered indicative of convergent validity of a factor (Fornell & 
Larcker, 1981; Hair et al., 2010). Discriminant validity was assessed using the Fornell-
Larcker criterion, which states that a factor exhibits discriminant validity when its AVE 
is higher than the squared correlation with other factors, in other words, when the factor 
explains more variance in its indicators than it shares with other factors (Fornell & 
Larcker, 1981). 

 
 
Results 
 
Sixteen students were missing the reading comprehension assessments because they were 
not present at school on the days where tests were administered. The reading 
comprehension tests were the last tests to be administered, and a rise in COVID infections 
limited data collection. A further two students misunderstood the instructions to the TRT 
8, and their results were discarded. In total 18 students (11.2%) were missing the TRT 8, 
and 16 students (9.9%) were missing the DRA. In addition, six students were missing one 
of the individually administered tests. In total 3.3% of data was missing. Based on Little’s 
Missing Completely at Random (MCAR) test (Little, 1988), the data were MCAR (χ2 
(54) = 56.92, p = .367). Table 2.3 shows the descriptive statistics for each measure. All 
measures had skew and kurtosis values within ±1. For all measures, the reported 
reliability was calculated based on the present sample.  
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Table 2.3 
Descriptive statistics for all measures 
 

Measure N Mean SD Min-Max Skew Reliability 
Decoding       
Word list (correct/minute) 160 83.66 25.11 20.50-144.58 0.15 .85a 
Nonword list (correct/minute) 160 47.01 16.41 3.56-95.0 0.20 .85a 

 
Vocabulary 

      

Prod. Vocabulary (% correct) 160 74 8 50-90 -0.63 .85b 
Recept. vocabulary (% correct) 160 41 11 17-74 -0.49 .74c 
 
Syntactic comprehenison 

      

Oral whodunnit (% correct) 160 79 12 47-98 -0.46 .83b 

Written whodunnit (% correct) 160 82 10 50-100 -0.62 .82b 

Sentence repetition (% correct) 161 45 20 0-97  0.03 .87b 

 
Reading comprehension 

      

TRT 8 (% correct) 144 68 13 28-94 -0.31 .74d 
DRA (% correct) 146 76 13 38-97 -0.72 .76e 

Note. TRT 8 = Text Reading Test 8, DRA = Diagnostic Reading Analysis 
aSpearman Brown-corrected correlation between Word List and Nonword List, bCronbach’s 
alpha of all items, cCronbach’s alpha based on the first 47 items, which 87% of students 
completed, dCronbach’s alpha based on the first 40 items which 85% of students completed, 
eCronbach’s alpha based on the first 30 items, which 73% of students completed. 
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Table 2.4 
Zero-order correlations between all measures 

 1. 2. 3. 4. 5. 6. 7. 8. 
1. Word list 1        
2. Nonword list .74 1       
3. Productive vocabulary .02 .05 1      
4. PPVT .05 .14 .36 1     
5. Oral whodunnit .26 .38 .25 .22 .1    
6. Written whodunnit .26 .33 .25 .17 .63 1   
7. Sentence repetition .28 .30 .34 .32 .57 .53 .1  
8. Text Reading Test 8 .35 .40 .40 .31 .58 .58 .53 1 
9. Adapted DRA .31 .43 .26 .17 .48 .50 .32 .56 

Note. Correlations ≥ .17 are significant at p < .05  

 
As shown in Table 2.4, the correlations between syntactic comprehension measures were 
high (.53-.63), while the correlation between vocabulary measures was only moderate 
(.36). The correlations between syntactic comprehension measures and vocabulary 
measures ranged from weak (.17) to moderate (.34). To formally assess the 
dimensionality of syntactic comprehension and vocabulary, we estimated two 
confirmatory factor analyses. In Model A, the syntactic comprehension and vocabulary 
measures loaded onto one factor, and in Model B, the syntactic comprehension and the 
vocabulary measures loaded onto separate factors. The model fit statistics for both models 
are shown in Table 2.5.  
 

 

Table 2.5 
Fit statistics for one- and two-factor models 
 

Note. RMSEA = root mean square error of approximation, SRMR = standardized root mean 
squared residual, CFI = comparative fit index, TLI = Tucker-Lewis index, AIC = Akaike 
information criterion 

 

Model χ2 (df, p-value) 
(scaling factor) 

RMSEA [90% CI] SRMR CFI TLI AIC 

A: 1-factor  16.94 (5, <.01)(1.19) .13 [.07 .21] .06 .93 .85 5278 
B: 2-factor 6.20 (4, .19)(1.22) .06 [.00 .14]  .03 .99 .97 5268 
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The fit of Model A provided a poor to unsatisfactory fit, while Model B had an excellent 
fit. Because the two models can be considered nested, we compared them using the scaled 
χ2 difference test (Brown, 2015; Kline, 2016). Based on this test, Model B fit the data 
significantly better than Model A (Δχ2 = 11.74, df = 1, p < .001). This is further supported 
by the AIC, which is lower for Model B. Model B is shown in Figure 2.1 with 
standardized parameter estimates.  
 
 
Figure 2.1 
Model B: Two-factor model of syntactic comprehension and vocabulary 

 

Note. All parameter estimates are significant at p < .05 
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The AVE and CR of the syntactic comprehension factor were .59 and .81, respectively, 
indicating convergent validity. The syntactic comprehension factor also exhibited 
discriminant validity by satisfying the Fornell-Larcker criterion with an AVE (.59) larger 
than the squared correlation with vocabulary (.31). Although the AVE of the vocabulary 
factor was lower (.37), vocabulary also exhibited discriminant validity based on the 
Fornell-Larcker criterion. Thus, syntactic comprehension and vocabulary seem to 
represent separate, but correlated, constructs. 

In order to examine the relationship between syntactic comprehension and reading 
comprehension, we first fit a measurement model with four latent variables of vocabulary, 
syntactic comprehension, decoding, and reading comprehension to assess whether the 
measures reflected the expected factor structure. This model provided an excellent fit to 
data (χ2 = 23.63 (df = 21, p = .31, scaling factor = 1.02), CFI = .995, TLI = .991, RMSEA 
= .03 [.00, .08], SRMR = .04, AIC = 8177.61). In the next step, we set reading 
comprehension to regress onto decoding skill, vocabulary, and syntactic comprehension. 
This model had identical fit statistics to the measurement model. The structural model is 
shown in Figure 2.2 with standardized parameter estimates.  

In this model, all three predictors explained unique variance in reading 
comprehension, but syntactic comprehension was the strongest predictor by far (β = .63 
compared to β = .24 and β = .23 for vocabulary and decoding). The model explained 80% 
of variance in reading comprehension in total.  
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Discussion 
 
The present study found that syntactic comprehension and vocabulary represented 
separate, correlated constructs and that syntactic comprehension explained unique 
variance in reading comprehension beyond decoding skill and vocabulary.  

 
Interpreting the dimensionality of syntactic comprehension and 
vocabulary 
The fact that syntactic comprehension and vocabulary represented separate factors 
indicates that they constitute separate sources of individual variance in language 
comprehension, meaning that syntactic comprehension skill and vocabulary size vary 
partially independently of each other across individuals. This result differs from previous 
latent variable studies of syntactic comprehension and vocabulary, who found little 
evidence of separate vocabulary and syntactic comprehension constructs (Foorman, 
Herrera, et al., 2015; Foorman, Koon, et al., 2015; Kieffer et al., 2016). A substantial 
difference between the present study and previous studies is that the present study used 
researcher-created syntactic comprehension tests specifically designed to isolate syntactic 
comprehension as much as possible, while the previous studies made use of standardized 
tests that likely tap into a wider range of linguistic and nonlinguistic skills as detailed in 
the beginning of the paper. This indicates that even when using latent variable modelling, 
the use of tests not specifically designed to measure syntactic comprehension may blur 
distinctions between constructs, perhaps especially when examining the dimensionality 
of closely related constructs.  

While the present data cannot inform on the mechanisms behind the distinction 
between vocabulary and syntactic comprehension, the emergence of syntactic 
comprehension and vocabulary as separate factors suggests that they to some extent are 
acquired or processed in different ways. This is in line with previous twin studies that 
find that vocabulary development is more dependent on environment than syntax is (Dale 
et al., 2000; Dionne et al., 2003; Mimeau et al., 2018). It is worth noting that there are 
only few studies of the etiology of syntax and vocabulary among school-aged children, 
and the results of these studies are mixed. While DeThorne et al. (2012) and Dale et al. 
(2010) did not find evidence of any differences between vocabulary and syntax, Mimeau 
et al. (2018) report a substantial difference between syntax and vocabulary in that shared 
environment explained about half of the variance in vocabulary but no significant 
variance in syntax. Future studies might focus on further disentangling the etiology of 
vocabulary and syntactic comprehension in school-aged children as the present study 
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suggests that slightly different mechanisms of acquisition may become visible in this age 
group. 

 
Interpreting the relationship between syntactic comprehension 
and reading comprehension 
The present study found that syntactic comprehension explained unique variance in 
reading comprehension when controlling for decoding skill and vocabulary. This result 
is consistent with several previous studies using observed variables (Poulsen & 
Gravgaard, 2016; Poulsen et al., 2022; Silva & Cain, 2015; Sorenson Duncan et al., 2021; 
Tong & McBride, 2017), but is inconsistent with previous latent variable studies 
(Foorman, Herrera, et al., 2015; Foorman, Koon, et al., 2015; Kieffer et al., 2016). The 
fact that these studies did not find a significant unique contribution from syntactic 
comprehension to reading comprehension is closely tied to their results concerning the 
dimensionality of vocabulary and syntactic comprehension. All three studies found little 
support for a separate syntactic comprehension factor, and therefore it is no surprise that 
they did not find a unique contribution from syntactic comprehension to reading 
comprehension.  

In the present study, syntactic comprehension was by far the best predictor of 
reading comprehension (β = .63 compared to β = .24 and β = .23 for vocabulary and 
decoding, respectively). Considering the strong empirical support for the importance of 
vocabulary to reading comprehension (National Reading Panel, 2000; Quinn et al., 2015; 
Spencer et al., 2017), it is surprising that syntactic comprehension was such a strong 
predictor compared to vocabulary, especially given the fact that syntactic comprehension 
has received relatively little attention in literacy research so far. However, this result is 
not unprecedented. Both Poulsen and Gravgaard (2016), Sorenson Duncan et al. (2021), 
and Silva and Cain (2015) report higher standardized final beta coefficients for syntactic 
comprehension than for vocabulary in hierarchical regression analyses predicting reading 
comprehension. Together with previous research, the present study provides evidence that 
individual differences in syntactic comprehension play a role in reading comprehension 
in regular middle school classrooms beyond vocabulary. This indicates that some children 
may experience difficulties understanding what they read not because they do not know 
the individual words, but because they have difficulties using syntactic signals to derive 
the syntactic meaning relations between individual words.  

One interpretation of the fact that syntactic comprehension is such a substantially 
stronger predictor of reading comprehension than vocabulary is that that among typically-
developing children in this age group, syntactic comprehension may actually be a 
narrower bottleneck in reading comprehension than vocabulary. This suggests that among 
sixth-grade children the biggest problem for the majority of children is not understanding 
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individual words, but understanding how they relate to each other in complex meanings. 
One possible reason for this is that the majority of typically-developing children in this 
age group may in general have a sufficient knowledge of most of the words in the texts 
they are confronted with, and thus what is most difficult for the majority of children is 
understanding how individual words relate to each other in complex meanings based on 
syntactic signals. It is also possible that robust syntactic comprehension partially 
compensates for weaker vocabulary. Children who are good at using syntactic signals 
may depend less on guessing the meaning of sentences based on the knowledge of 
individual words, and therefore their reading comprehension may be less vulnerable to 
encountering words they do not know or only have a superficial knowledge of. However, 
there may be other reasons that syntactic comprehension emerges as a relatively stronger 
predictor of reading comprehension. For example, there is already frequent explicit 
instruction in vocabulary in classrooms, potentially evening out some of the most 
important differences between children’s vocabulary size and lowering the predictive 
value of vocabulary in comparison with syntactic comprehension, which is rarely given 
much explicit attention in ordinary classrooms. In this view, the results do not necessarily 
indicate that individual differences in syntactic comprehension are more important for 
reading comprehension than individual differences in vocabulary. A more conservative 
interpretation of the results would be that syntactic comprehension is at least as important 
as vocabulary and that syntactic comprehension therefore deserves more attention in 
research and educational practice than it has previously received. 

 
Limitations 
The present study found relatively clear evidence that vocabulary and syntactic 
comprehension constitute separate sources of individual differences in language 
comprehension and that syntactic comprehension is important to reading comprehension 
in the present age group.  

However, one limitation of the study was that we did not include non-linguistic 
cognitive controls such as reasoning skill or working memory. While previous studies 
show that sentence repetition tasks also tap into working memory (Article 1; Riches, 
2012), several studies found only a weak association between reading comprehension and 
non-linguistic working memory (Oakhill & Cain, 2012; Poulsen & Gravgaard, 2016; 
Article 1). Similarly, Article 4 in the present dissertation found a weak association 
between fluid reasoning and reading comprehension, overall suggesting that it is unlikely 
that the strong relationship between syntactic comprehension and reading comprehension 
in the present study is driven by working memory or fluid reasoning skill. However, 
future studies including additional latent variables of non-linguistic cognitive skills would 
strengthen this interpretation.  
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Another limitation is that our two decoding tests used the same format (word lists), 
meaning that we did not control for method variance in the latent decoding variable. 
Originally, we had planned to use a third decoding measure in a different test format. 
However, preliminary factor analyses revealed that this test was too dependent on 
language comprehension to function as an indicator of the decoding variable in the present 
analyses.  

Finally, the correlation between vocabulary measures was low (r = .36). Forming 
latent variables on the basis of poorly correlated tests may inflate the relations with other 
latent variables if the shared variance between the indicators does not represent the target 
construct (Rhemtulla et al., 2020). There is, however, empirical evidence that productive 
and receptive vocabulary represent the same construct in this age group (Lonigan & 
Milburn, 2017; Tomblin & Zhang, 2006). Furthermore, even if the correlation between 
vocabulary and syntactic comprehension were inflated, the fact that syntactic 
comprehension and vocabulary emerged as separate constructs despite this inflation 
supports the conclusion that vocabulary and syntactic comprehension represent partially 
distinct constructs. 

 
Conclusion  
The present study found evidence that syntactic comprehension and vocabulary constitute 
separate sources of individual differences in language comprehension. In comparison 
with previous studies, this result suggests that when employing latent variable modelling, 
the use of tests not specifically designed to measure the target construct may blur 
distinctions between constructs and make it more difficult to tease apart slightly different 
dimensions of language comprehension. Future research may examine whether this 
finding extends to the dimensionality of other closely related language constructs that 
previous studies have found difficult to separate, for example vocabulary and the broader 
construct of grammar. The study also confirmed the mounting evidence that individual 
differences in syntactic comprehension are strongly correlated with a practically relevant 
outcome for children: their reading comprehension. This suggests that some children 
misunderstand texts not because they do not know the meaning of individual words, but 
because they have difficulty establishing how individual words relate to each other in 
sentences based on syntactic cues. Indeed, the results suggest that individual differences 
in syntactic comprehension are at least as important in reading comprehension as 
individual differences in vocabulary.  

However, the present study is correlational and cannot determine the mechanisms 
behind the relationship between syntactic comprehension and reading comprehension. 
Intervention studies are needed to determine the causality of this relationship and to find 
out how best to address these difficulties in educational settings. 
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Article 3 
Stranger things: Examining the consequences of 
the lack of ecological validity in the givenness 
status of lexical noun phrases in syntactic 
comprehension tests 
 

Jessie Leigh Nielsen 

 

Abstract 
Studies have found that individual differences in syntactic comprehension 
explain unique variance in reading comprehension in school-aged children. 
However, these studies employ syntactic comprehension measures that may 
be confounded by lexical retrieval efficiency due to the presence of several 
discursively new lexical noun phrases in test sentences. Through two studies, 
this article examines if whodunnit syntactic comprehension tests are 
confounded by lexical retrieval efficiency both when used to assess children’s 
comprehension of specific structures and when used to measure individual 
differences in syntactic comprehension.  

In the first study, two whodunnit syntactic comprehension tests were 
administered to a sample of 41 sixth-grade children. In one test, the lexical 
noun phrases in the test sentences were discursively new, and in the other test, 
the lexical noun phrases were discursively given. Comparison of the tests 
showed that the givenness of lexical noun phrases significantly affected 
comprehension accuracy, although the effect sizes were so small that they are 
unlikely to have practical consequences. Furthermore, a high correlation 
between comprehension scores on the two tests indicated that the tests largely 
tapped into the same individual differences. 

The second study examined if the unique contribution from syntactic 
comprehension measures to reading comprehension found in previous studies 
is in fact driven by lexical retrieval efficiency. One-hundred thirty-eight sixth-
grade children were administered a whodunnit syntactic comprehension test 
in addition to measures of lexical retrieval efficiency, decoding skill, 
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vocabulary, and reading comprehension. Analyses showed that the 
whodunnit syntactic comprehension measure explained unique variance in 
reading comprehension even when controlling for lexical retrieval efficiency 
in addition to decoding skill and vocabulary, indicating that the significant 
relationship between syntactic comprehension tests and reading 
comprehension is not driven by lexical retrieval efficiency.  

Together these two studies indicate that although sentences with 
several discursively new lexical noun phrases are unnatural in natural 
discourse, the use of these types of sentences is largely unproblematic, both 
when assessing children’s comprehension of specific constructions and when 
examining individual differences in syntactic comprehension 

 
 
Introduction 
 
Several studies have found that individual differences in syntactic comprehension explain 
unique variance in reading comprehension in school-aged children (Articles 1 and 2, 
Poulsen & Gravgaard, 2016; Silva & Cain, 2015; Sorenson Duncan et al., 2021). This 
indicates that some children have difficulties comprehending texts due to difficulty using 
syntactic cues to establish the propositional meaning of sentences. However, these studies 
make use of syntactic comprehension tests where the presented sentences differ from the 
types of sentences children need to comprehend in everyday life, raising the question 
whether syntactic comprehension tests accurately represent the sentence comprehension 
skills children use and need in everyday life. This, in turn, raises doubts about the validity 
of previous research in syntactic comprehension and reading comprehension. One way in 
which test sentences differ from natural sentences is in the amount of new information 
presented in each sentence. The majority of the material in sentences in natural discourse 
is given, that is, previously introduced or inferable from context, while only a small part 
of each sentence introduces new information (Du Bois, 1987, 2003; Givon, 1975). In 
contrast, sentences in syntactic comprehension tests are commonly presented without any 
context at all, meaning that all of the information in the sentence is new. One consequence 
of this is that children simultaneously with parsing often complex syntactic structures 
have to recognize and retrieve the meaning of several discursively new words that are not 
primed by or inferable from context. This means that the ability to comprehend test 
sentences may not just depend on syntactic comprehension skill but also on the ability to 
efficiently retrieve the meaning of individual words. The present study examines two 
related questions: 1) Does testing syntactic comprehension with sentences that contain 
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many new noun phrases (NPs) underestimate children’s syntactic comprehension? and 2) 
do increased demands on lexical retrieval efficiency confound syntactic comprehension 
tests as measures of individual differences in syntactic comprehension?  

Although this study is mainly interested in syntactic comprehension tests for use in 
individual differences literacy research, it draws on psycholinguistic research in sentence 
processing as well. These two fields of research (literacy research and sentence 
processing) have different knowledge interests and consequently use different types of 
data and analyses, which warrants a short introduction to both fields and to the main 
differences between them. Psycholinguistics is generally concerned with the 
psychological processes underlying humans’ ability to comprehend and produce 
language, and is therefore interested in describing what is common to all humans (or a 
certain subgroup of people). Because of this, psycholinguistic studies of sentence 
processing generally examine the mean performance of all participants across different 
experimental conditions (e.g. Gordon et al., 2001, 2004; Warren & Gibson, 2005). For 
example, a study might compare participants’ average reading time of passive clauses to 
participants’ average reading time of active clauses. By contrast, individual differences 
research is interested in how individuals differ from each other and the causes and 
consequences of these differences (VandenBos, 2015). For this reason, individual 
differences research focuses on the differences between individuals rather than the mean 
performance of all individuals. For example, many studies examine distributions of 
individual scores on psychological measures and examine correlations between the 
distributions of scores on different measures (e.g. Oakhill & Cain, 2012; Sorenson 
Duncan et al., 2021). As a consequence of this, results from psycholinguistic studies are 
not directly transferable to individual differences studies: Effects found in 
psycholinguistic studies between experimental conditions will not appear in individual 
differences studies if all individuals behave the same. Nevertheless, as psycholinguistic 
studies examine language processing, they may inform individual differences studies on 
which phenomena may potentially constitute sources of individual differences. 

 
 
Items in syntactic comprehension tests 
 
While syntactic comprehension tests exist in a wide range of formats (see Brimo et al. 
(2018) and Article 4 in the present dissertation for overviews), the types of sentences 
presented in the tests are similar in a number of ways. First, test sentences often contain 
complex syntactic structures such as passives, object-fronted constructions, or object-
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extracted relative clauses (Example 3.1). These syntactic constructions are often referred 
to as “difficult” constructions because children generally show poorer comprehension of 
these constructions than “easy” constructions such as active constructions and subject-
extracted relative clauses (Article 1, Poulsen & Gravgaard, 2016; Sorenson Duncan et al., 
2021). In line with previous studies, the present article will refer to passives, object-verb-
subject (OVS) constructions, and object-extracted relative clauses as “difficult” 
constructions and active subject-verb-object (SVO) constructions and subject-extracted 
relative clauses as “easy” constructions. Second, in tests, transitive sentences are often 
semantically reversible in the sense that the agent and the patient cannot be identified 
based on background knowledge (Example 3.2, where both he and the girl are equally 
plausible seers). Third, test sentences often contain exclusively non-pronominal NPs 
(Example 3.3). In the present article, I will refer to such non-pronominal NPs as lexical 
NPs. Finally, the sentences in syntactic comprehension tests are most often presented in 
little or no context.  

 
 

3.1) The man that the elephant sees is eating  
Object-extracted relative clause 
Danish TROG-2 (Bishop, 2010) 
 

3.2) He saw the girl that picked the flowers 
Reversible transitive sentence 
Multiple-choice picture-selection (Frizelle et al., 
2017) 
 

3.3)  The big brown dog ate all of the cat’s food  
Recalling Sentences  
Danish CELF-4 (Semel et al., 2003) 

 

In this way, test sentences differ from the written and spoken sentences children need to 
comprehend in every-day life, especially in terms of the number of new content words in 
each sentence. Sentences in natural written and spoken discourse often refer to entities 
using pronouns rather than lexical NPs (Du Bois, 2003). This is illustrated in Example 
3.4 where the characters are first introduced using proper names and then referred to using 
the pronoun they.  

 
 

 



Article 3: Stranger things  
 
 

70 
 

3.4)  Mr. and Mrs. Dursley of number four, Privet Drive, 
were proud to say that they were perfectly normal, 
thank you very much. They were the last people you’d 
expect to be involved in anything strange or 
mysterious, because they just didn’t hold with such 
nonsense (Harry Potter and the Philosopher's Stone, 
p. 1). 

 

Additionally, even when sentences do contain several lexical NPs, the nouns have often 
been mentioned earlier in the context or are semantically related to the previous context, 
likely facilitating the retrieval of word meanings due to semantic priming (Balota et al., 
2006). In Example 3.5, most of the NPs are lexical, but several NPs are identical or 
similar, for example a three-feet-long parrotfish, the fish, the fish and a Caribbean coral 
reef, a hunk of coral, the reef. Other nouns are seemingly new, but their meaning is related 
to the same domain. For example, teeth is mentioned for the first time in the third 
sentence. However, most readers will likely know that fish often have teeth and therefore 
the reference to teeth is not entirely unexpected. The same goes for the reference to a puff 
of fine white sand in the final sentence. While the text has not mentioned sand before, the 
reader’s general knowledge of oceans likely supports the reference to sand (Chafe, 1996).  

 
 

3.5) A bright flash of blue, pink, and green glides through 
the water. A three-feet-long parrotfish swims through 
a Caribbean coral reef searching for food. With its 
super-strong teeth, the fish tears off a hunk of coral, 
biting down to get at the nutrient-rich algae inside. 
Once the fish is full, it continues swimming through 
the reef, leaving a puff of fine white sand trailing 
behind it. (National Geographic Kids, Parrotfish, 
https://kids.nationalgeographic.com/animals/fish/fac
ts/parrotfish) 

 

This is opposed to the test sentence in Example 3.3 above, where the reader is confronted 
with several new lexical NPs at once (the big brown dog, the cat’s food) and where there 
is no prior context to support the retrieval of word meanings. The present article will use 
the term “given” to refer to NPs that have already been introduced or are inferable from 
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context and the term “new” to refer to NPs that have not been introduced and are not 
inferable from context. 
 
 

 
Processing lexical noun phrases 
 
In the present study, the ability to retrieve the lexical meaning of words is referred to as 
“lexical retrieval”. As described above, target sentences in syntactic comprehension tests 
often contain several discursively new lexical NPs, potentially increasing the pressure on 
lexical retrieval efficiency in comparison to comprehension of natural sentences. While 
most syntactic comprehension tests are designed with simple vocabulary to minimize the 
influence of vocabulary size on test performance (e.g. Articles 1 and 2, Bishop, 2010; 
Semel et al., 2003), even simple vocabulary may put pressure on lexical retrieval 
efficiency if the participant has to retrieve the meaning of several new words at once and 
simultaneously perform other demanding tasks, for example parse complex syntactic 
constructions. Indeed, this notion is supported by several psycho- and neurolinguistic 
studies that find evidence that sentences with many new lexical NPs are more difficult to 
process and comprehend than sentences with pronominal NPs or given lexical NPs 
(Coopmans & Nieuwland, 2020; Gordon et al., 2001; Haberlandt & Graesser, 1989; 
Kaan, 2001; Nieuwland et al., 2019; Warren & Gibson, 2002, 2005; Yang et al., 2007). 
For example, Warren and Gibson (2002) conducted two experiments where they found 
that adults showed higher comprehension accuracy of relative clauses and complement 
clauses when the first NP of the subordinate clause was a pronoun compared to a lexical 
NP. Similarly, in a self-paced reading experiment, Gordon et al. (2001) found that adults 
exhibited longer reading times and poorer comprehension of object-extracted and subject-
extracted relative clauses when the second NP was lexical than when it was pronominal. 
Interestingly, Gordon et al. (2001) found that object-extracted relative clauses were more 
impeded by the presence of lexical NPs than subject-extracted relative clauses. This 
suggests that the presence of new lexical NPs may affect difficult syntactic constructions 
more than easy syntactic constructions. This should raise concern as syntactic 
comprehension tests by design often contain difficult syntactic constructions and thus 
may be especially vulnerable to lexical retrieval effects. Researchers have proposed 
different underlying causes of the processing demands of new lexical NPs, including the 
cost of updating mental models (Haberlandt & Graesser, 1989; Warren & Gibson, 2005; 
Yang et al., 2007), sensitivity to the frequency of patterns of reference in natural discourse 
(Reali & Christiansen, 2007), and increased demand on efficient lexical retrieval 
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(Nieuwland et al., 2019). While these mechanisms are closely related (e.g. new lexical 
NPs will often both require lexical retrieval and a mental model update), this study 
focuses on the role of lexical retrieval efficiency.  

In a related study, Kristensen et al. (2014) examined the effect of context on the 
comprehension of sentences. They found that OVS constructions showed significantly 
higher comprehension accuracy in information-structurally facilitative contexts than in 
neutral contexts and were more facilitated by facilitative contexts than subject-initial 
constructions were. While the study is related to the ecological validity of syntactic 
comprehension tests (in natural language, syntactic constructions occur in information-
structurally appropriate contexts), Kristensen et al. (2014) did not examine the role of 
lexical retrieval efficiency in that the participants in their sentences were expressed as 
proper names rather than as lexical NPs.  

 
 
Lexical retrieval efficiency and syntactic 
comprehension tests 
 
Syntactic comprehension tests are, roughly speaking, used in two ways, which may be 
differentially affected by lexical retrieval efficiency. One way syntactic comprehension 
tests are used is to examine children’s mastery of specific syntactic constructions. Here 
children’s performance on specific test items is interpreted as a reflection of which 
syntactic or morphological structures a child grasps. If, for example, a child fails test 
items containing passives, it is sometimes interpreted as the child not fully mastering this 
construction. This is mostly found in educational practice (with standardized syntactic 
comprehension tests such as the TROG-2 (Bishop, 2003)). In the present article, this 
application of syntactic comprehension tests will be referred to as the “item-based” 
application because it focuses on children’s performance on specific items. The other use 
of syntactic comprehension tests does not focus on the performance on specific items, but 
rather on test scores as a whole and the distribution of test scores in a sample. In the 
present article, this application is referred to as the “distribution-based” application. This 
is found in educational practice when a child’s overall performance on standardized tests 
is compared to the distribution of scores in a norm sample to assess if a child has language 
difficulties in comparison to peers (e.g. by scoring below two standard deviations below 
the mean (Bishop, 2010)). Research on the relationship between syntactic comprehension 
and reading comprehension also mainly employs a distribution-based use of syntactic 
comprehension tests (e.g. Articles 1 and 2, Foorman, Herrera, et al., 2015; Foorman, 
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Koon, et al., 2015; Poulsen & Gravgaard, 2016; Sorenson Duncan et al., 2021). Here the 
full distribution of test scores in a sample is compared to the distribution of scores in other 
tests (e.g. reading comprehension tests) based on, for example, correlations or regression 
analyses. Again, focus is not on children’s performance on specific items, but rather 
children’s overall score on the test in relation to the sample.  

The item-based and the distribution-based application of syntactic comprehension 
tests may be affected by lexical retrieval in different ways. The item-based application is 
arguably the most vulnerable to increased demands on lexical retrieval efficiency. If the 
items in syntactic comprehension tests are more difficult than sentences in everyday life 
due to increased lexical retrieval burden, the tests will likely underestimate children’s 
comprehension of specific constructions. For example, a child may comprehend passive 
constructions in natural discourse, but fail the passive items on the test due to increased 
processing load on lexical retrieval, potentially leading the assessor to falsely assume that 
the child has issues with comprehending passive constructions.  

The distribution-based application of syntactic comprehension tests is arguably 
more robust to a potential increased demand on lexical retrieval efficiency. In the 
distribution-based use, it does not matter if the test underestimates children’s 
comprehension of specific structures, as long as the test underestimates all children’s 
comprehension to the same extent. In other words, as long as a low score on the syntactic 
comprehension test reflects poor syntactic comprehension in relation to the sample, and 
a high score on the syntactic comprehension test reflects good syntactic comprehension 
in relation to the sample, the test is not confounded by lexical retrieval efficiency. 
However, it may be the case that children are affected by the increased demands on lexical 
retrieval efficiency to different extents. Specifically, children with poor lexical retrieval 
efficiency may perform worse on syntactic comprehension tests than warranted by their 
syntactic comprehension ability. In this case, the distribution of syntactic comprehension 
scores will no longer reflect (just) syntactic comprehension, but a mixture of syntactic 
comprehension and lexical retrieval efficiency: Children may perform poorly on the test 
due to poor syntactic comprehension, but may also perform poorly on the test due to poor 
lexical retrieval efficiency. For the use of syntactic comprehension tests as a diagnostic 
tool, it would mean that children might be misdiagnosed with poor syntactic 
comprehension skills even though their main difficulty may be more vocabulary-based. 
For the use of such measures in research, it means that studies may produce misleading 
results. More specifically, the unique contribution from syntactic comprehension tests to 
reading comprehension found in previous studies may be driven by lexical retrieval 
efficiency rather than syntactic comprehension. Indeed, studies do find evidence of a 
relationship between lexical retrieval efficiency and reading comprehension. Manis et al. 
(2000) and Schatschneider et al. (2004) found small, but significant correlations between 
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reading comprehension and lexical retrieval efficiency. Additionally, Nation et al. (2001) 
found that poor comprehenders showed slower lexical retrieval speed than controls, and 
Poulsen and Elbro (2013) found that individual differences in lexical retrieval efficiency 
explained significant unique variance in individual differences in reading comprehension 
after controlling for vocabulary and word decoding skill. This means that if syntactic 
comprehension tests are confounded by lexical retrieval efficiency, there is a risk that the 
unique contribution from syntactic comprehension to reading comprehension found in 
previous studies is in fact driven by lexical retrieval efficiency.  

 
 
Present studies 
 
As noted above, syntactic comprehension measures make use of sentences that are 
unnatural in that they introduce many new lexical NPs at once. Previous psycholinguistic 
research indicates that the presence of new lexical NPs increases processing demands and 
lowers comprehension accuracy of sentences. However, no studies have examined how 
lexical retrieval efficiency affects syntactic comprehension tests as measures of individual 
differences. The present article examines the effect of new lexical NPs on children’s 
comprehension of sentences through two studies.  

Study A compared two syntactic comprehension tests that were specially designed 
to examine the effect of the givenness of lexical NPs. In one test the lexical NPs in the 
target sentences were new, and in the other test they were given in a context sentence 
beforehand. More specifically, Study A examined 1) whether children exhibited poorer 
comprehension of sentences with new lexical NPs than sentences with given lexical NPs, 
2) whether difficult syntactic constructions were more impeded by the presence of new 
NPs than easy syntactic constructions, and 3) whether the two tests showed the same rank-
ordering of scores, indicating whether children are equally affected by increased demands 
on lexical retrieval efficiency. The first two questions are related to the item-based 
application of syntactic comprehension tests in that they assess to which extent tests with 
many new lexical NPs underestimate children’s comprehension of specific syntactic 
structures. The third question addresses the distribution-based application of syntactic 
comprehension tests by examining if the two tests measure the same individual 
differences. High agreement between the two tests indicates that the tests tap into the 
same individual differences and thus that children are equally affected by increased 
lexical retrieval demand. In the present study, a correlation above .50 was considered a 
sufficient level of agreement between the two tests to consider them measures of the same 
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individual differences, while a correlation at .80 and above was considered an excellent 
level of agreement (Matthews & Kostelis, 2011). 

Study B further examined the distributional-based use of syntactic comprehension 
tests by examining whether the unique contribution from syntactic comprehension tests 
to reading comprehension found in previous individual differences studies (e.g Articles 1 
and 2 in the present dissertation; Sorenson Duncan et al., 2021) is driven by individual 
differences in lexical retrieval efficiency rather than in syntactic comprehension. Similar 
to previous individual differences studies of syntactic comprehension and reading 
comprehension, Study B examined to which extent syntactic comprehension explained 
unique variance in reading comprehension after controls, but in contrast to previous 
studies, this study also controlled for a separate measure of lexical retrieval efficiency. In 
this way, Study B tested whether the use of syntactic comprehension tests with many new 
lexical NPs confounds analyses in individual differences literacy research and 
consequently tested the validity of the conclusions presented in Articles 1 and 2 in the 
present dissertation and Sorenson Duncan et al. (2021). Study B did not compare a test 
with given NPs to a test with new NPs like Study A, but rather examined to which extent 
using a test with new NPs introduces confounds of lexical retrieval efficiency into studies 
of syntactic comprehension and reading comprehension.  

Both studies used syntactic comprehension tests in the “whodunnit” format, which 
has been used in recent studies that find a unique contribution from syntactic 
comprehension to reading comprehension (Articles 1, 2, and 4 in the present dissertation; 
Poulsen & Gravgaard, 2016; Sorenson Duncan et al., 2021). It is important to note that 
while the present article is motivated by the lack of ecological validity of test items, the 
goal of Study A was not to create a completely ecologically valid syntactic 
comprehension test, but rather to isolate and examine a single parameter where test 
sentences differ from sentences in natural discourse, namely the number of new lexical 
NPs. As described above, there are numerous differences between test sentences and 
sentences in natural discourse, and so comparing a regular test to a completely 
ecologically valid test (to the extent that this is even possible to create) would render it 
impossible to isolate the specific causes of a potential difference between the two tests.  

Both studies examined samples of sixth-grade students. This age group was chosen 
because the studies of individual differences in syntactic comprehension and reading 
comprehension often focus on middle-school aged children (Articles 1 and 2, Foorman, 
Koon, et al., 2015; Kieffer et al., 2016; Poulsen & Gravgaard, 2016; Sorenson Duncan et 
al., 2021). In this way, the present results are applicable to a large portion of previous 
research.  
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Study A 
Method 
Participants 
A subset of the sample of 161 students presented in Article 2 participated in Study A. The 
subset consisted of 41 monolingual students (22 girls, 19 boys) with a mean age of 12;2 
(SD = 0;3) from three sixth-grade classrooms in one public school in Copenhagen. The 
students completed two syntactic comprehension tests that were administered in groups 
by the author. All students received written consent from their parents to take part in the 
study.  
 

Syntactic comprehension tests 
The children were administered two syntactic comprehension tests in the whodunnit 
format similar to the test format used in Poulsen and Gravgaard (2016), Sorenson Duncan 
et al. (2021), and Articles 1, 2, and 4 in this dissertation. The two tests each contained 60 
items and were parallel except that one test (the “given NP test”) contained a context 
sentence in each trial, introducing the NPs from the target sentence, while the other test 
(the “new NP test”) did not have any context, and thus the NPs presented in the target 
sentences were discursively new. Both tests were administered on laptop computers in a 
browser using OpenSesame experiment software version 3.3 (Mathot et al., 2012). In each 
trial, children first heard a sentence (e.g. the secretary was pinched by the teacher at the 
school), then a question (e.g. who pinched?), after which they were presented with two 
written options on the screen (e.g. secretary and teacher) and pressed one of two keys to 
respond. The experiment continued automatically to the next trial if no response was 
given within five seconds. All questions required the students to syntactically parse the 
sentence and could not be answered based on inferences or real-world knowledge. In 
order to balance any learning effects, half of the students were randomly assigned to take 
the given NP test first, and the other half the new NP test. Both tests started with five 
practice trials where students were given written feedback on the screen 
(correct/incorrect). Items were created with simple vocabulary to minimize the influence 
of vocabulary size. All children saw all items, and within each test, items were presented 
in the same fixed pseudo-randomized order with no construction appearing more than 
twice in a row. 

In the given NP test, each trial started with a context sentence that introduced the 
NPs in the target sentence using the construction once upon a time (In Danish der var 
engang). For example, the example sentence presented above (the secretary was pinched 
by the teacher at the school) would be preceded by the sentence Once upon a time there 
was a secretary and a teacher. This construction was chosen for two reasons. First, it is 
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a widespread way to start stories, especially fairytales, and thus children are familiar with 
it as an introductory sentence. Second, the use of der (“there”) in the first position is a 
common way of introducing new discourse referents in Danish (Hansen & Heltoft, 2011: 
p. 1199). In the new NP test, target sentences were presented without any context sentence 
to mirror the presentation of sentences in syntactic comprehension tests typically used in 
research and educational practice.  
 

Construction of items 
In line with previous studies of syntactic comprehension (Articles 1 and 2, Poulsen & 
Gravgaard, 2016; Sorenson Duncan et al., 2021), the syntactic comprehension tests 
contained easy and difficult syntactic constructions. In both tests, items were constructed 
in sets of four around the same verb and participants in pairs of parallel easy and difficult 
structures as illustrated in Table 3.1. The items were constructed in pairs where the 
semantic roles of the participants were reversed in order to counterbalance any 
background expectations about the semantic roles of participants (e.g. if lawyers for some 
reason are considered more likely to be surprising than judges in the item the judge 
surprised the lawyer on the street). The difficult syntactic constructions consisted of three 
different constructions which have all been shown to cause comprehension difficulties 
and which are commonly used in syntactic comprehension tests: passives, object-verb-
subject (OVS) constructions, and object-extracted relative clauses (Dąbrowska & Street, 
2006; Ferreira, 2003; Kristensen et al., 2014). The corresponding easy sentences were all 
active transitive subject-verb-object (SVO) structures. Using 15 different verbs, this 
produced 30 difficult items and 30 easy items in each of the two tests, resulting in a total 
of 120 items. To allow for comparisons across the two tests and across syntactic difficulty, 
four comprehension scores were calculated: Easy constructions in the given NP test, easy 
constructions in the new NP test, difficult constructions in the given NP test, and difficult 
constructions in the new NP test. As a measure of reliability, Cronbach’s alpha for the 
new NP test and given NP test was .82 and .72, respectively. Cronbach’s alpha for all 
items across both tests was .84.  
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Results 
All analyses were conducted in R statistical software version 4.1.2 (R Core Team, 2021). 
 
Data cleaning 
There was one univariate outlier below -3.29 SDs in the new NP easy score, which was 
replaced with the second-lowest score. Additionally, one case was identified through 
Mahalanobis distances as a multivariate outlier at p <.001 and left out of the analyses.  
 
Descriptive statistics  
The descriptive statistics for all variables are presented below in Table 3.2. All measures 
had a skew within ±1 except for the two easy syntactic comprehension scores. Normal 
probability plots revealed that the standardized residuals of the two easy syntactic 
comprehension scores were normally distributed, and therefore the measures were 
deemed suitable for the present analyses despite their skewedness.  
 

 

Table 3.2 
Descriptive statistics of syntactic comprehension accuracy scores 
 

Measure Mean SD Min-Max Skew 
New easy (% correct) 90 10 62-100 -1.16 
Given easy (% correct) 85 08 60-93 -1.28 
New difficult (% correct) 64 16 20-100 0.00 
Given difficult (% correct) 69 14 37-93 -.01 

 

 

The effect of syntactic difficulty and noun phrase status on comprehension accuracy 
In order to examine the effects of NP givenness (new vs. given) and syntactic difficulty, 
a 2 (given NPs vs. new NPs) × 2 (easy vs. difficult syntactic structures) repeated measures 
analysis of variance (ANOVA) was conducted of the syntactic comprehension measure. 
The analysis showed a significant main effect of syntactic difficulty (p < .05) and a 
significant interaction between NP givenness and syntactic difficulty (F (1, 39) = 23.40, 
p < .05). There was no significant main effect of NP givenness (F (1, 39) = 0.03, p = .08). 
Post-hoc pairwise t-tests showed that difficult syntactic constructions showed poorer 
comprehension accuracy than easy syntactic constructions (66% vs. 87% correct, 
corresponding to a difference of 12.6 out of a possible 60 correct items) (t (39) = 10.79, 
p < .001). Two post-hoc pairwise t-tests investigated the interaction effect between NP 
givenness and syntactic difficulty and showed that difficult constructions with given NPs 
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showed higher comprehension accuracy than difficult constructions with new NPs (69% 
vs. 64% correct, corresponding to a difference of 1.5 out of a possible 30 correct items) 
(t (39) = 2.79, p < .01). Surprisingly, easy constructions exhibited the opposite pattern 
and showed higher comprehension accuracy on new NPs than given NPs (90% vs. 85% 
correct, corresponding to 1.5 out of a possible 30 correct items) (t (39) = 4.49, p < .001). 
This indicates that test sentences with new NPs slightly underestimate children’s 
comprehension of difficult syntactic constructions. However, test sentences with given 
NPs surprisingly slightly underestimate children’s comprehension of easy syntactic 
constructions. This is further addressed in the Discussion. 
 

The effect of noun phrase givenness on the distribution of scores 
In order to examine whether the givenness of lexical NPs affected the rank-ordering of 
children’s performance on the syntactic comprehension tests, the zero-order correlation 
between the new NP test and the given NP test was assessed. The two tests correlated at 
.80 (95% CI [.69, .88], p < .001), indicating that the tests largely tap into the same 
individual differences despite differences in the givenness of NPs.  

 
 
Study B 
 
Study B examined to which extent the unique contribution from individual differences in 
syntactic comprehension tests to individual differences in reading comprehension found 
in previous studies is driven by lexical retrieval efficiency. Similar to previous individual 
differences studies of syntactic comprehension and reading comprehension, Study B 
examined to which extent syntactic comprehension explained unique variance in reading 
comprehension after controlling for decoding skill and vocabulary, but in contrast to 
previous studies, this study also controlled for a separate measure of lexical retrieval 
efficiency. 

 
Participants 
Similar to Study A, Study B examined a subset of the sample of 161 students presented 
in Article 2. The subset consisted of the 138 monolingual students who had full datasets 
of decoding, vocabulary, syntactic comprehension, and reading comprehension measures 
(mean age 12;3 (SD = 0;3), 75 boys and 63 girls). As part of the study presented in Article 
2, the students completed measures of decoding skill, vocabulary, syntactic 
comprehension, and reading comprehension. In addition, they completed a lexical 
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retrieval test. All the tests were administered individually with the exception of the 
reading comprehension tests, which were administered in groups. All students received 
written consent from their parents to take part in the study. 

 

Measures 
Decoding skill was measured with a word and a non-word list (Elbro, 1990), and 
vocabulary was measured with a researcher-created productive vocabulary test (Gellert 
& Vang Christensen, 2012) and a Danish version of the Peabody Picture Vocabulary Test 
(Dunn, 1959). Reading comprehension was measured using Text Reading Test 8 (Møller, 
2015) and a Danish translation of part of the Diagnostic Reading Analysis (DRA) test 
(Crumpler & McCarty, 2004; Daugaard et al., 2017). Text Reading Test 8 consists of a 
single expository text containing mostly cloze items, and the DRA consists of eight short 
expository and narrative texts with between five and six open-ended questions about each 
text. More detailed information on the tests is presented in Article 2 in this dissertation. 
In the present study, the test scores were standardized and combined to form three 
composite scores of decoding skill, vocabulary, and reading comprehension.  
 

Syntactic comprehension 
The syntactic comprehension test used in Study B was the oral syntactic comprehension 
test used and described in Article 2. Thus, the syntactic comprehension test in Study B 
was not one of the tests used in Study A. It was, however, completely parallel in terms of 
format and the construction of items to the new NP test in Study A, that is, the test with 
new lexical NPs. In this way, the syntactic comprehension test used in Study B is parallel 
to previous studies of syntactic comprehension and reading comprehension that use 
syntactic comprehension tests with several new lexical NPs. 
 
Lexical retrieval test 
As a measure of lexical retrieval efficiency, students were administered a timed isolated 
picture-naming task consisting of 23 pictures identical to the lexical retrieval measure 
used in Poulsen and Elbro (2013). This measure was chosen because Poulsen and Elbro 
(2013) report the highest correlation between lexical retrieval efficiency and reading 
comprehension among previous studies, so it was assumed that this measure would be the 
strongest control of lexical retrieval efficiency compared to other test formats such as 
rapid automatized naming of objects (Manis et al., 2000; Schatschneider et al., 2004). The 
test was administered in OpenSesame experiment software version 3.3 (Mathot et al., 
2012). In each trial, a fixation cross appeared in the middle of the screen for 1000 
milliseconds followed by the sound of a beep and the target picture appearing 
simultaneously. The tests were audio recorded and scored for accuracy and speed. 
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Response times were measured from the beep until the start of the student’s response, 
disregarding any hesitations markers and false starts. Responses in which students 
included adjectives or other descriptors, for example a red flower for “flower” were 
scored as incorrect because the student had retrieved several lexical meanings at once and 
as such it is difficult to interpret the response times in these instances. To minimize the 
influence of vocabulary breadth on the score, the 23 items reflected simple vocabulary 
such as computer, spider, and flower that were deemed easy for this age group.  
 
Data cleaning 
The items in the lexical retrieval test were designed to be easy to avoid influence from 
students’ vocabulary breadth. However, three items had low accuracies with only 70% to 
78% of students responding correctly. These items were removed. The mean accuracy of 
the remaining items was 96%. In accordance with Poulsen and Elbro (2013), extreme 
response times (defined as two SDs above the student’s mean) were winsorized to the cut-
off value. Response times above 3,000 ms were excluded from the mean calculation. The 
split-half reliability of the winsorized response times was .89. Scores were transformed 
to number of correct items per second to normalize distributions in line with Poulsen and 
Elbro (2013).  

 
 
Results 
 
The descriptive statistics of all measures are shown in Table 3.3. 
 

Table 3.3 
Descriptive statistics of all variables 
 
Measure Mean SD Min-Max Skew 
Word lists (correct per minute) 84.09 24.93 28.48-116.10 0.21 
Nonword lists (correct per minute) 47.23 16.32 11.63-95.00 0.32 
Productive vocabulary (% correct) 75 7 50-90 -0.64 
PPVT (% correct) 42 11 17-74 0.59 
Lexical retrieval (correct per second) 1.01 0.17 0.51-1.46 0.32 
Syntactic comprehension (% correct) 79 12 47-98 -0.46 
Text Reading Text 8 (% correct) 62 16 26-94 -0.22 
Texts and questions (% correct) 58 15 20-93 -0.11 
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To examine whether the unique contribution from syntactic comprehension tests to 
reading comprehension is driven by lexical retrieval efficiency, a hierarchical regression 
analysis was performed with reading comprehension as the outcome measure and with 
decoding skill, vocabulary, and lexical retrieval efficiency inserted as controls. The 
syntactic comprehension test was inserted in the last step. The analysis is presented in 
Table 3.4.  
 

 

Table 3.4 
Hierarchical regression analysis with reading comprehension as the dependent variable 
 

Step Variable ∆R2 Final β 
1 Decoding .21*** .29*** 
2 Vocabulary .11 *** .21*** 
3 Lexical retrieval .00  -.02  
4 Syntactic comprehension .18*** .47*** 

Note. *** p < .001, ** p <.01, * p < .05 

 

 

The analysis showed that syntactic comprehension explained unique variance in reading 
comprehension even after controlling for lexical retrieval, indicating that the relationship 
between syntactic comprehension tests and reading comprehension is not driven by 
lexical retrieval efficiency. Interestingly, lexical retrieval explained no significant unique 
variance in reading comprehension. This is also apparent in the zero-order correlations 
between variables presented in Table 3.5. Lexical retrieval only correlated weakly with 
the syntactic comprehension measure (r = .18) and did not correlate significantly with 
reading comprehension at all (r = .15, p = .09). This is in clear contrast to the results 
reported in Poulsen and Elbro (2013), which is further discussed below. 
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Table 3.5 
Zero-order correlations between variables 
 

 

 

 

 

Note. Correlations above .16 are significant at p < .05 

 
 
Discussion 
 
Syntactic comprehension measures consist of sentences that are unnatural in that they 
introduce many new lexical NPs at once, which may place high demands on lexical 
retrieval efficiency. The present article found that the givenness of NPs slightly affected 
the comprehension accuracy of specific syntactic constructions, although in a surprising 
way: Difficult syntactic structures were slightly impeded by new NPs, while easy 
syntactic constructions exhibited the opposite pattern and were slightly facilitated by the 
presence of new NPs. However, despite slight differences in comprehension accuracy, 
the syntactic comprehension tests largely tapped into the same individual differences 
regardless of the givenness of NPs, and the relationship between syntactic comprehension 
tests and reading comprehension was not confounded by lexical retrieval efficiency. 
Furthermore, individual differences in syntactic comprehension tests only correlated 
weakly with individual differences in lexical retrieval efficiency, indicating that syntactic 
comprehension tests as measures of individual differences are not confounded by lexical 
retrieval efficiency. 

 
NP givenness and comprehension accuracy 
Previous psycholinguistic studies have found that the presence of new lexical NPs makes 
sentences more difficult to process based both on reading times, offline comprehension 
accuracy, and neurological measures. The present study partly replicated these results in 
that children showed significantly poorer comprehension of difficult syntactic structures 
with new NPs than with given NPs, on average scoring 1.5 out of 30 less in the new NP 
condition. To the extent that the given NP condition better represents children’s 

 1. 2. 3. 4. 
1. Decoding  1    
2. Vocabulary  .05 1   
3. Syntactic comprehension .34 .29 1  
4. Lexical retrieval .01 .37 .17 1 
5. Reading comprehension  .46 .35 .63 .15 
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comprehension of sentences in natural discourse, this implies that these syntactic 
comprehension tests slightly underestimate children’s comprehension of difficult 
syntactic constructions. However, surprisingly, the present study found that children 
exhibited poorer comprehension of easy syntactic constructions in the given NP condition 
than in the new NP condition, on average scoring 1.5 out of 30 higher in the new NP 
condition. In other words, easy constructions were more difficult to comprehend when 
the NPs were introduced beforehand than when they were new. Thus, the easy and the 
difficult constructions exhibited opposite patterns: The difficult constructions were 
facilitated by given NPs, while the easy constructions were impeded by given NPs. In 
fact, the effect sizes were exactly the same (1.5 correct items out of 30 possible). 

The facilitation of difficult syntactic structures by given NPs was expected based 
on previous studies. It was also expected that the difficult syntactic structures might be 
more facilitated by given NPs than easy constructions, but it was not expected that the 
easy constructions would be downright impeded by given NPs. In fact, this is completely 
contra intuitive and raises the question of which mechanism underlies this effect. In a 
psycholinguistic study, Kaan (2001) actually found a similar result in that object relative 
clauses exhibited lower comprehension accuracy when the first NP of the relative clause 
was a lexical NP than when it was a pronoun, while subject relative clauses exhibited the 
opposite pattern with lower accuracy in the pronoun condition. Kaan (2001) interprets 
this as reflecting a comprehension bias introduced by pronouns, which cannot be applied 
to the present study as the items in the present study did not contain pronouns. A possible 
explanation for these results in the present study is that while the given NP test and the 
new NP test were designed to be parallel, the given NP test was longer because it 
contained a context sentence for each item. It is possible that the length of the test 
increased the general difficulty due to fatigue effects, which is then reflected in the 
slightly lower comprehension score of easy structures. Such an effect should also be 
expected in the difficult constructions, but here the presence of given NPs might facilitate 
the comprehension of difficult structures to the extent that it offsets the general increased 
difficulty due to the increased length of the test. Interestingly the facilitating effect of NP 
givenness on difficult structures and the impediment of easy structures cancelled each 
other out in the overall test scores. As described in Study A, there was no significant 
difference between the average overall comprehension accuracy in the new NP test and 
the given NP test. This suggests that at least in terms of the assessment of overall test 
scores, it is not worth adding context sentences to syntactic comprehension tests because 
the increased length of the test cancels out any facilitative effect the introduction of lexical 
NPs may have.  

While introducing lexical NPs beforehand does not affect the overall 
comprehension accuracy when performance on easy structures and performance on 
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difficult constructions is pooled, it is worth considering if the presence of new lexical NPs 
underestimates children’s comprehension of difficult syntactic structures to the extent that 
it would have consequences for educational assessment in practice. Children on average 
comprehended 1.5 items out of 30 less on difficult syntactic constructions with new NPs 
than with given NPs, resulting in, for example, a child scoring 20 correct items on difficult 
constructions with new NPs, but 21 or 22 correct items on the same constructions with 
given NPs. Although the present results cannot be directly transferred to performance on 
a standardized test such as the TROG-2 (Bishop, 2010) due to differences in test format, 
we can compare to the TROG-2 to gauge if the effects found in the present study would 
likely have implications for educational practice. In the TROG-2, children have to answer 
four out of four items correctly to pass a given block testing a specific syntactic 
construction. If the TROG-2 underestimated children’s comprehension of sentences at 
the same rate (5 percentage points), it amounts to children on average scoring 0.16 correct 
items less (out of four possible) than if the NPs had been introduced beforehand. This 
means that the TROG-2 would likely only rarely underestimate children’s comprehension 
to the extent that they would fail a block that they would have passed if the NPs were 
given beforehand.  

In summary, the presence or absence of new NPs in tests of syntactic 
comprehension significantly affects the comprehension accuracy of difficult syntactic 
constructions, however, effects are so small that they are unlikely to have any practical 
relevance for the item-based application of syntactic comprehension tests. Interestingly, 
the results suggest that the increased length of the test increases the general difficulty of 
the test to the extent that it cancels out the facilitative effect that the introduction of lexical 
NPs may have. Thus, Study A indicates that it is likely not worth the effort to construct 
tests that exhibit more ecological validity in terms of the givenness of noun phrases. 

 

Syntactic comprehension tests as measures of individual 
differences and lexical retrieval efficiency 
While the givenness of lexical NPs affected the comprehension accuracy of sentences, 
the correlation between syntactic comprehension tests with given and with new NPs 
indicated that the syntactic comprehension tests tap into the same individual differences 
regardless of the givenness of NPs. The article also found that the unique contribution 
from syntactic comprehension to reading comprehension found in previous studies is not 
driven by lexical retrieval efficiency. These two findings indicate that it is unproblematic 
to use syntactic comprehension tests that present many new lexical noun phrases at once, 
despite the lack of ecological validity, in individual differences research in reading 
comprehension and syntactic comprehension.  
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Limitations 
While the present study found evidence that syntactic comprehension tests are not 
confounded by lexical retrieval efficiency, there are a number of limitations to the 
applications of the present results. First, while this study was motivated by the lack of 
ecological validity in syntactic comprehension tests, the study only focused on one aspect 
of ecological validity, namely the givenness of lexical noun phrases. Therefore, it cannot 
inform on the consequences of other ways syntactic comprehension tests are unnatural, 
such as the lack of facilitative information structure, the use of reversible transitive 
sentences, or on any cocktail effect the combination of these circumstances might have. 
However, if the effect sizes are similar to those found in the present study, they will likely 
not have many practical consequences. Still, future studies may want to investigate the 
consequences of other properties of test items.  

Furthermore, the present study examined a test format that is different from test 
formats of standardized syntactic comprehension tests such as the TROG-2 (Bishop, 
2003) or sentence repetition (Semel et al., 2003), and so the results of the study are not 
immediate transferrable to educational practice. Future research may examine to which 
extent the effects found in the present study apply to standardized syntactic 
comprehension tests. 

Study B found that syntactic comprehension explained unique variance in reading 
comprehension even when controlling for lexical retrieval efficiency. However, in 
contrast to Poulsen and Elbro (2013), who report a correlation of .46 between reading 
comprehension and lexical retrieval efficiency, the present study did not find a significant 
correlation between reading comprehension and lexical retrieval efficiency (r = .15, p = 
.09), raising questions about the validity of the lexical retrieval measure in the present 
study. However, recent reanalysis of the data in Poulsen and Elbro (2013) show that the 
high correlation between lexical retrieval and reading comprehension is mainly driven by 
a few participants who score poorly on both lexical retrieval and reading comprehension, 
inflating the correlation (M. Poulsen, personal communication, July 5th 2022). This 
indicates that the lower correlation found in the present study is likely a valid 
representation of the relationship between lexical retrieval efficiency and reading 
comprehension. Indeed, other studies using slightly different measures of lexical retrieval 
efficiency, also report lower correlations between lexical retrieval and reading 
comprehension (.27 (Manis et al., 2000) and .31-.36 (Schatschneider et al., 2004)).  

Finally, Study A examined differences between conditions using a repeated 
measures ANOVA of the comprehension accuracy of sentences. The use of ANOVAs on 
accuracy scores has received criticism for producing unreliable results (Jaeger, 2008). 
Importantly, the present study interprets the ANOVA results conservatively. Even in the 
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case that the differences between conditions are significant, the differences are so small 
that they are unlikely to have any practical significance. 
 

Conclusion 
The present study examined the effect of the givenness of NPs in both the item-based and 
distribution-based application of syntactic comprehension tests. In relation to the item-
based application of tests, the study found that the givenness of lexical noun phrases in 
test items did affect the comprehension accuracy of test sentences in that difficult 
syntactic constructions were slightly easier to comprehend when the lexical NPs had been 
introduced in a context sentence beforehand. However, the difference was so small that 
it is unlikely to have any practical consequences. Interestingly, the comprehension 
accuracy of the easy syntactic constructions was slightly lower when NPs were introduced 
beforehand, probably due to the increased test length of the given NP test. Together, these 
results indicate that the presence of new lexical noun phrases only has a small effect on 
comprehension accuracy scores, and other factors such as the length of the test may affect 
comprehension scores to the same extent. In relation to the distribution-based application 
of tests, the study found that syntactic comprehension tests tapped into the same 
individual differences regardless of the givenness status of NPs, and that the relationship 
between individual differences in syntactic comprehension and individual differences in 
reading comprehension was not confounded by lexical retrieval efficiency. Overall, the 
present results lend support to the use of syntactic comprehension tests with new NPs 
despite the lack of ecological validity, both when assessing children’s comprehension of 
specific constructions and when examining individual differences in syntactic 
comprehension, for example in individual differences studies of syntactic comprehension 
and reading comprehension.  
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Article 4 
What’s format got to do with it? A comparison of 
three syntactic comprehension measures 
 
Jessie Leigh Nielsen, Rikke Vang Christensen & Mads Poulsen 
 

 
Abstract 

Purpose: Studies of syntactic comprehension and reading comprehension use 
a wide range of syntactic comprehension tests that vary considerably in 
format. The goal of this study was to examine to which extent different 
formats of syntactic comprehension tests measure the same construct. 
Method: Sixty-nine fourth-grade students completed multiple tests of 
decoding, vocabulary, fluid-reasoning skill, reading comprehension, and 
three tests of syntactic comprehension: the TROG-2, a sentence repetition 
test, and a whodunnit test. 
Results: There was limited shared variance between the syntactic 
comprehension tests, indicating that they only partially tapped into the same 
construct. Furthermore, the TROG-2 was significantly higher correlated with 
fluid-reasoning skill than the other syntactic comprehension tests. Finally, the 
TROG-2 and the whodunnit test explained additional variance in reading 
comprehension after controls, while sentence repetition did not. 
Conclusion: There are important differences between syntactic 
comprehension tests. This has consequences both for the interpretation of 
previous studies of syntactic comprehension and reading comprehension and 
for the design of future studies as the choice of syntactic comprehension 
measure may directly influence the results of the study. 
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Introduction 
 
When reading a text, a child not only has to know or deduce the meaning of individual 
words, but also establish the relationships between words or phrases within a sentence 
from syntactic cues. To understand a sentence such as ‘he jumps over the quick brown 
fox’, it is not sufficient to understand the meaning of each individual word. The reader 
also has to understand the relations between words: “he” is doing the jumping, “the fox” 
is the one that is jumped over, and it is “the fox” that is “quick” and “brown”. These 
relations are signaled by syntactic cues, here word order and pronoun case marking. The 
role of such syntactic parsing has been recognized in models of reading comprehension 
(Perfetti et al., 2005; Perfetti & Stafura, 2014) and has received increasing research 
attention (Brimo et al., 2017; Foorman, Koon, et al., 2015; Kieffer et al., 2016; MacKay 
et al., 2021; Poulsen et al., 2022; Sorenson Duncan et al., 2021) as a possible separate 
component of language comprehension in the Simple View of Reading (Hoover & 
Gough, 1990). However, tests of syntactic comprehension vary so considerably in format 
across studies that it raises the question whether different syntactic comprehension tests 
measure the same construct and to which extent they tap into additional linguistic and 
nonlinguistic skills. Although two studies (Frizelle et al., 2017; Frizelle et al., 2019) find 
evidence that tests of syntactic comprehension vary substantially in what they measure 
due to format differences, these studies do not identify more precisely which skills 
different syntactic comprehension tests tap into. In previous studies of syntactic 
comprehension and reading comprehension, different syntactic comprehension tests have 
largely been used interchangeably regardless of format. However, no studies have 
examined if this use is warranted. This study examines to which extent different syntactic 
comprehension tests measure the same skill by comparing three syntactic comprehension 
tests in terms of 1) their correlation with each other, 2) their strength of relation to 
additional cognitive skills, and 3) their ability to explain variance in reading 
comprehension. 

Previous studies of syntactic comprehension and reading comprehension make use 
of several different terms to describe sentence-level skills. An important distinction is that 
between syntactic comprehension and syntactic awareness (Brimo et al., 2018; MacKay 
et al., 2021). Syntactic comprehension denotes the ability to understand grammatical 
sentences based on the tacit knowledge of how meaning relations are signaled by syntactic 
structure and is often measured with tasks where the participant demonstrates 
comprehension of individual sentences, for example by answering comprehension 
questions. Syntactic awareness denotes the ability to explicitly reason about sentence 
structure and is measured with tasks that require the participant to consider sentences 
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metalinguistically, for example by judging the grammaticality of a sentence or correcting 
grammatical mistakes.  

The present study is concerned with syntactic comprehension. The terminology 
varies between studies and includes terms such as syntactic knowledge, syntactic 
awareness, grammar, and sentence use. In the following description of previous studies, 
we use the term syntactic comprehension to cover any construct that fits the definition of 
syntactic comprehension presented above.  

 
 
Syntactic comprehension and reading comprehension 
 
Studies of syntactic comprehension and reading comprehension arrive at conflicting 
conclusions concerning the strength of relationship between syntactic comprehension and 
reading comprehension. Many studies find evidence that syntactic comprehension plays 
a role in reading comprehension, both in group studies where poor comprehenders 
perform worse on syntactic comprehension tests than average comprehenders (Adlof et 
al., 2010; Catts et al., 2006; Nation et al., 2010), and in correlational studies where 
syntactic comprehension explains unique variance in reading comprehension after 
controls, ranging from 6% to 27% (Poulsen & Gravgaard, 2016; Poulsen et al., 2022; 
Silva & Cain, 2015; Sorenson Duncan et al., 2021). In contrast, several studies do not 
find evidence that syntactic comprehension plays a unique role in reading comprehension 
(Foorman, Herrera, et al., 2015; Foorman, Koon, et al., 2015; Kieffer et al., 2016; Oakhill 
& Cain, 2012).  

There are several possible explanations for the conflicting results. Studies of 
syntactic comprehension and reading comprehension differ in several ways, including the 
examined age group, control measures, analyses performed, and type of syntactic 
comprehension tests. Thus, discrepancies between results cannot be attributed to 
differences between syntactic comprehension measures alone. However, studies of 
syntactic comprehension and reading comprehension use syntactic comprehension tests 
which vary greatly in format, and therefore examining if and how syntactic 
comprehension tests differ is one step in unravelling why studies reach different 
conclusions. It may also inform future studies of syntactic comprehension and reading 
comprehension on potential confounds relating to specific test formats. 
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Tests of syntactic comprehension 
 
Frequently used formats of tests of syntactic comprehension include sentence repetition 
(e.g. Recalling Sentences, CELF-4 (Semel et al., 2003) and Sentence Imitation, TOLD-
P:4 (Hammill & Newcomer, 2008)), multiple-choice picture-selection sentence 
comprehension (e.g. TROG-2 (Bishop, 2003), Sentence Structure subtest of CELF-4 
(Semel et al., 2003)), sentence combining (e.g. in TOLD-I:5 (Hammill & Newcomer, 
2019)), and Formulated Sentences (CELF-4 (Semel et al., 2003)). At face value, the tasks 
that the child has to perform in these tests are quite different. In sentence repetition, the 
child has to parse and remember the sentence while repeating it. In Formulated Sentences, 
on the other hand, the child only has to remember a one-word prompt, but has to produce 
a completely novel sentence that semantically matches a picture. In multiple-choice 
picture-selection tasks, like the TROG-2, the child is not required to produce any language 
at all, but has to hold the given sentence in memory while attending to and comparing 
four or five closely related pictures. These considerable differences between test formats 
bring into question whether different syntactic comprehension tests actually measure the 
same construct.  

Studies report varying correlations between different tests of syntactic 
comprehension ranging from .08 (Frizelle et al., 2017) to .67 (Language and Reading 
Research Consortium et al., 2018), supporting the idea that different tests of syntactic 
comprehension may not always be measuring the same skills. There are, however, only 
few direct comparisons of tests of syntactic comprehension. 

 Frizelle et al. (2017) compared two syntactic comprehension tests: a sentence 
repetition test and a multiple-choice picture-selection sentence comprehension test 
similar to the TROG-2 where the child hears a sentence and has to choose one of four 
pictures that matches the sentence. Frizelle et al. report a very low correlation of .08 
between the two tests, suggesting that the tests are not in fact measuring the same skill. 
Frizelle et al. (2019) compared the same multiple-choice picture-selection test from 
Frizelle et al. (2017) with a new animated sentence verification test where the child heard 
a sentence while being presented with an animation and had to judge whether the 
animation matched the sentence. This study found a stronger correlation between tests at 
.56, however, children still performed worse on the multiple-choice task. Frizelle and 
colleagues (2017; 2019) hypothesized that the multiple-choice format is more dependent 
on general executive functions such as attention, inhibition, and working memory because 
children have to compare and select among four alternatives that are very similar to each 
other. For example, the sentence he saw the girl that picked the flowers had distractors 
that represented “she saw the boy that picked the flowers”, “he picked the flowers and 
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saw the girl”, and “she picked the flowers and saw the boy”. However, Frizelle and 
colleagues (2017; 2019) did not test whether this measure was in fact dependent on 
general executive function against a separate measure of general executive function. 

Some syntactic comprehension tests may also be more vocabulary dependent than 
others, depending on the items they contain. While some syntactic comprehension tests 
target syntactic constructions such as passives and relative clauses, other tests target 
constructions that require knowledge of specific words or phrases such as prepositions, 
pronouns, or constructions like neither… nor. Such items may tap into vocabulary 
knowledge because they require knowledge of specific words in addition to the ability to 
understand the syntactic relations between words. Varying correlations between syntactic 
comprehension measures and vocabulary across studies support this notion as even 
studies examining roughly the same age groups report substantially different correlations 
between syntactic comprehension measures and vocabulary, from weak correlations 
(Poulsen et al., 2022; Sorenson Duncan et al., 2021) to strong correlations (Kieffer et al., 
2016).  

In summary, previous comparisons of tests of syntactic comprehension suggest that 
tests may vary substantially in which skills they measure. More specifically, some 
syntactic comprehension tests may be more dependent on executive function and 
vocabulary than others, but no previous studies have investigated this directly. 

 
 
The present study 
 
This study examines to which extent different syntactic comprehension tests measure the 
same construct by comparing three syntactic comprehension tests: the Danish version of 
the TROG-2 (Bishop, 2010), a sentence repetition test, and a “whodunnit” test. These 
tests were chosen because they are frequently used as measures of syntactic 
comprehension in literacy research (Foorman, Herrera, et al., 2015; Foorman, Koon, et 
al., 2015; Oakhill & Cain, 2012; Poulsen et al., 2022; Sorenson Duncan et al., 2021). The 
whodunnit test format is less widespread than sentence repetition and the TROG-2, but 
has been used in several recent studies finding unique effects of syntactic comprehension 
on reading comprehension (Poulsen & Gravgaard, 2016; Poulsen et al., 2022; Sorenson 
Duncan et al., 2021). However, no studies have examined how the whodunnit format 
compares to more established test formats.  

This study is based on a sample of Danish fourth-grade students and compares the 
three syntactic comprehension tests in relation to their dependence on vocabulary and 
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fluid-reasoning skill and in relation to the amount of variance they explain in reading 
comprehension.  

 We focus on fourth grade because the majority of studies of reading comprehension 
and syntactic comprehension examine children at around this age (Foorman, Koon, et al., 
2015; Kieffer et al., 2016; Poulsen & Gravgaard, 2016; Sorenson Duncan et al., 2021). 
The study addresses the following research questions: 
 

(1) To what extent do the three syntactic comprehension tests measure the same 
construct, and is this construct separate from vocabulary and fluid reasoning?  
 

(2) Are there differences between the three syntactic comprehension tests in how 
correlated they are with vocabulary and fluid-reasoning skill? 
 

(3) Do the three syntactic comprehension tests explain variance in reading 
comprehension to the same extent after controlling for decoding skill, 
vocabulary, and fluid-reasoning skill? 
 

Although the first two research questions are related, they address two separate issues. 
While the first research question examines the shared variance between syntactic 
comprehension tests and whether this variance is separate from fluid reasoning and 
vocabulary, the second research question examines the differences between which 
constructs different syntactic comprehension tests tap into. For example, it is entirely 
possible that the shared variance between syntactic comprehension tests is not vocabulary 
or fluid reasoning, but that one syntactic comprehension test is significantly more strongly 
correlated with vocabulary or fluid reasoning than the others.  

Based on Frizelle et al. (2017, 2019), we expected the TROG-2 to be more 
dependent on fluid-reasoning skill than the other tests because it uses the multiple-choice 
picture-selection format. We also expected the TROG-2 to be more vocabulary dependent 
because several items in the TROG-2 target constructions that require knowledge of 
specific words, for example prepositions and the neither…nor construction. In contrast, 
the sentence repetition test and the whodunnit test were specially designed to minimize 
vocabulary demands. In line with this, we expected the TROG-2 to explain less variance 
in reading comprehension after controlling for vocabulary and fluid-reasoning skill than 
the two other tests. 
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Method 
Participants 
Fourth-grade students from two public schools in the larger Copenhagen area participated 
in this study. The data collection was interrupted when schools closed because of COVID-
19 in the spring of 2020, and approximately half of the planned data was collected with 
full datasets from 86 students. Seventeen students were bilingual and were not included 
in the analyses to avoid any confounds from second-language learning. The remaining 69 
students (29 girls, 40 boys) had a mean age of 10;9 (SD = 0;4). The students were tested 
twice individually and once in groups by trained student assistants. Parents were required 
to give written consent before their child could participate, and children gave their assent 
prior to testing. The study was approved by the Research Ethics Committee at the Faculty 
of Humanities at the University of Copenhagen in accordance with relevant guidelines 
and legislations, including the Declaration of Helsinki and The European Code of 
Conduct for Research Integrity.  
 
Syntactic Comprehension  
We administered three syntactic comprehension measures: the Danish TROG-2 (Bishop, 
2003) and two researcher-created tests: a sentence repetition test and a whodunnit test. 
The sentence repetition test and the whodunnit test were specifically designed with easy 
vocabulary and difficult syntactic constructions to minimize vocabulary dependency. 

In the TROG-2, the child heard a sentence, was presented with four pictures, and 
was asked to point to the picture that represented the sentence. The TROG-2 consists of 
20 blocks that increase in difficulty with four items in each. We did not administer the 
first four blocks (blocks A-D) because we expected a strong ceiling effect on these blocks. 
This assumption was supported by the results as no child scored below nine correct blocks 
out of the remaining 16. Because there was very little variance in the number of correct 
blocks, we used the proportion of correct items instead of correct blocks. Cronbach’s 
alpha of the item score was .60 in the current sample, which is higher than Cronbach’s 
alpha of the block score at .51. The TROG-2 manual reports a Cronbach’s alpha of .89. 
The large discrepancy between the reliability in the manual and the reliability in the 
present sample is probably due to the fact that the reported reliability in the manual is 
based on a wide age group of children, ages 4 to 15. It is likely that the test has a higher 
reliability for younger children where there is less of a ceiling effect. 

In the sentence repetition test, children heard a recorded sentence, which they were 
asked to repeat verbatim. There were 33 items representing seven different grammatical 
constructions: Active subject-verb-object (SVO) constructions, active object-verb-
subject (OVS) constructions, passives, simple and complex object-extracted relatives, and 
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simple and complex subject-extracted relatives. Table 4.1 shows the included 
constructions and examples of items. Like English, the canonical word order in Danish is 
SVO, but OVS word order is also allowed. OVS constructions are known to be difficult 
for children to comprehend (Boeg Thomsen & Poulsen, 2015) and were included to 
increase the difficulty. The task was administered on a laptop computer with prerecorded 
items in a fixed quasi-randomized order where the same syntactic construction never 
appeared twice in a row. The score was the proportion of correct answers. Cronbach’s 
alpha was .89 in the current sample.  
 

 

Table 4.1  
Examples of sentence repetition items with approximate translations 
 

Syntactic construction Number of items Example 

SVO 4 The new girl had teased 
the boy out on the 
playground after school 

OVS 5 The happy child had the 
thin man maybe hugged  

Passive 4 The dancer on the pretty 
bike was tipped over by the 
waiter  

Simple object relative 5 The happy girl that the 
prince had picked up 
wanted to swing 

Complex object relative 5 The aunt that the dancer 
had caught kissed the 
strong king 

Simple subject relative 5 The loving daughter that 
had held the baby wanted 
to jump 

Complex subject relative 5 The witch that had caught 
the blood-thirsty vampire 
teased the troll 
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The whodunnit test was a shorter version of the whodunnit test used in Articles 1 and 2. 
The test was administered on a laptop computer using OpenSesame version 3.3.2 
experiment software (Mathot et al., 2012). In each trial, the child heard a prerecorded 
sentence that was automatically followed by a question where the child had to identify 
the agent of the sentence. The child was presented with two options and answered by 
pressing one of two keys. The options were presented orthographically on the screen, 
while the target sentence and the question were only presented aurally. All sentences were 
reversible so the child had to rely on the syntactic cues in the sentence to identify the 
agent. 

To reduce the length of administration, we selected a subset of 40 items from the 
60 in the original version of the test. Items with low information value – typically very 
easy items – were left out. The 40 items represented four different grammatical 
constructions: Active SVO, active OVS, passives, and object-extracted relative clauses. 
The items were presented in a fixed quasi-randomized order. There were six practice 
items where the child was given written feedback on the screen (“correct” or “incorrect”). 
Table 4.2 provides examples of each syntactic construction. The score was the proportion 
of correct answers, and Cronbach’s alpha was .63.  
 

 

Table 4.2  
Examples of items in the sentence comprehension test with approximate translations 
 

Construction No. of items Target 
sentence 

Question Options 

SVO 16 Rasmus kicks 
Christian at the 
table 

Who is 
kicking? 

Rasmus 
Christian  

OVS 10 The spy has the 
secretary 
already 
thanked 

Who 
thanked? 

The spy 
The secretary 

Passive 6 The girl is 
pushed by the 
boy in school 

Who is 
pushing? 

The girl 
The boy 

Object relative 8 The bunny that 
the pig chased 
in the field is 
big 

Who is big? The bunny 
The pig 

Note. Correct answers are marked in bold.  
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Decoding Fluency 
Decoding fluency was measured with two tests: Elbros ordlister (“Elbro’s Word Lists”) 
(Elbro, 1990) and Læs ord (“Read Words”) from the EVALD test battery. In Word Lists, 
children read out loud two word lists containing 20 words and non-words, respectively. 
The score for each list was the number of correct responses divided by the time to 
complete the list. The two lists correlated at .83 (Spearman-Brown corrected). Read 
Words was administered online in a browser on a laptop computer. The child was 
presented with five words at a time and had to click on the word that did not fit in 
semantically, for example, “house” in “red, blue, green, house, black”. There were 87 
items, and the children had to complete as many as possible in four minutes. The score 
was the number of correct responses, but no children completed all items, so the score is 
effectively an efficiency score. The split-half reliability was .94 in the current sample.  
 
Vocabulary  
Vocabulary was measured with two tests: an expressive vocabulary test (Gellert & Vang 
Christensen, 2012) and Find et foto (“Find a Picture”), a receptive vocabulary test from 
the EVALD test battery (Petersen & Rønberg, 2020). In the expressive vocabulary test, 
the children were asked to name 84 pictures of objects. In the present sample, Cronbach’s 
alpha was .79. The receptive vocabulary test was administered online in a browser on a 
laptop computer. The children heard a word, were presented with five different pictures 
and had to click on the picture that represented the word. There were 37 items, and the 
children had nine minutes to answer as many as possible. All children finished all items 
within the time limit. Cronbach’s alpha was .71 in the present sample. For both 
vocabulary tests, the score was the proportion of correct answers.  
 
Fluid Reasoning 
Fluid reasoning was measured using Matrix Reasoning and Figure Weights from the 
Danish WISC-V (Wechsler, 2017). These two tests make up the WISC Fluid Reasoning 
index. In Matrix Reasoning, the child is presented with a series or matrix of pictures where 
one part is missing. The child has to identify the missing part among five possibilities. In 
Figure Weights, the child is presented with a scale where one or two figures are missing 
and has to identify the one option out of five that balances the scale. Matrix Reasoning 
consists of 32 items, and Figure Weights consists of 34 items. Both tests are terminated 
after three consecutive incorrect responses. The scores were the number of correct 
answers transformed to scaled scores following the WISC-V manual. The manual reports 
a split-half reliability between .79 and .84 for Matrix Reasoning and between .95 and .96 
for Figure Weights in the relevant age groups.  
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Reading Comprehension 
Reading comprehension was assessed with Tekstlæseprøve 5 (“Text reading test 5”) 
(Møller, 2015). The text is a connected exposition on a single topic with 33 cloze items 
with four options each and 11 yes-no comprehension questions. The test was administered 
in groups of 23 to 25 children, and children were given 30 minutes to complete the test. 
This was five more minutes than described in the manual to minimize the effect of 
decoding fluency on the test results. All children finished within the time limit, and the 
score was the proportion of correct answers. In the present sample, Cronbach’s alpha was 
.77. The test was administered on paper to most students, but due to practical 
circumstances it was administered digitally to thirteen students. Both the digital version 
and the paper version are norm-referenced. In order to compare the scores, the scores 
were transformed to standard deviations from the norm averages for the analogue and the 
digital version, respectively.  

 
 
Results 
 
There was one outlier in the reading comprehension score at -3.84 SDs, which was 
replaced with the second lowest score at -2.5 SDs. All variables had skew values within 
±1 except the TROG-2. Table 4.3 presents the descriptive statistics of the individual 
measures. Scaled scores are reported where possible. 
 

Table 4.3  
Descriptive statistics of individual measures 
 

Measure Mean SD Min-Max Skew 
Elbro’s Word Lists (correct per minute) 68.33 20.13 16.45-106.44 -0.45 
Read Words (correct per minute) 13.36 2.64 6.0-18.25 -0.56 
Productive vocabulary (proportion correct) .81 .07 .63-.98 -0.09 
Receptive vocabulary (proportion correct) .84 .10 .59-1 -0.49 
Matrix Reasoning (scaled score) 10.13 3.06 3-19 0.19 
Figure Weights (scaled score) 9.64 2.99 2-15 -0.48 
Whodunnit (proportion correct) .69 .10 .50-.90 0.18 
Sentence repetition (proportion correct) .57 .21 .15-.97 -0.13 
TROG-2 (proportion correct items) .94 .04 .83-1 -1.09 
Reading comprehension (SDs from norm averages) 0.95 0.49 -0.39-1.67 -0.79 
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The average reading comprehension score was close to one standard deviation above the 
norm average (Møller, 2015), probably due to the fact that the children were given extra 
time to complete the test and that our study only included monolingual children.  

The first research question was whether the three syntactic comprehension tests 
measured the same construct and if this construct was separate from vocabulary and fluid 
reasoning. The zero-order correlations between variables, presented in Table 4.4, showed 
that the three syntactic comprehension tests correlated more highly with each other than 
with other measures with the exception of the TROG-2 that correlated more highly with 
Matrix Reasoning than with sentence repetition. 
 
 
Table 4.4  
Zero-order correlations between variables  
 

 1. 2. 3. 4. 5. 6. 7. 8. 9. 
1. Word Lists 1         
2. Read Words .71 1        
3. Productive vocabulary .16 .26 1       
4. Receptive vocabulary .24 .34 .57 1      
5. Figure Weights .12 .31 .22 .11 1     
6. Matrix Reasoning -.12 .01 -.09 -.02 .45 1    
7. Whodunnit .23 .36 .25 .34 .35 .05 1   
8. Sentence repetition .26 .32 .37 .37 .18 -.01 .38 1  
9. TROG-2 .02 .17 .29 .30 .47 .33 .48 .42 1 
10. Reading comprehension .30 .45 .12 .32 .23 .19 .44 .34 .40 

Note: R-values at .23 and above are significant at .05 level. 

 

To formally test whether the three syntactic comprehension tests were more closely 
related to each other than to other measures, we performed three confirmatory factor 
analyses, testing different models of syntactic comprehension, vocabulary, and fluid-
reasoning skill. Analyses were performed in R Statistical Software (R Core Team, 2021) 
in the lavaan package version 0.6-9 (Rosseel, 2012) using maximum likelihood 
estimation.  

First, we tested three different models. Model A was a three-factor model with 
vocabulary, syntactic comprehension, and fluid reasoning as three separate factors. Model 
B consisted of two factors, one general language factor (vocabulary and syntactic 
comprehension), and a fluid-reasoning factor, and Model C also consisted of two factors, 
vocabulary as one factor and one fluid-reasoning factor that loaded onto both the syntactic 
comprehension and fluid reasoning tests (testing whether the syntactic comprehension 
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tests are in fact more tests of fluid reasoning). The fit statistics for each model are shown 
in Table 4.5. Because Models B and C are nested in Model A, we can compare Model A 
to Models B and C using the chi-square (χ2) difference test (Brown, 2015). The three-
factor model was a significantly better fit to the data than both two-factor models (Δdf = 
2, Δχ2 = 15.05, p < .001, Δdf = 2, Δχ2 = 11.25, p < .01), suggesting that the three syntactic 
comprehension tests measure a construct separate from vocabulary and fluid reasoning. 
This is supported by the lower AIC for Model A. Model A is shown in Figure 4.1 with 
standardized estimates.  
 
 
Table 4.5  
Model fit statistics 
 

Model χ2 (df, p-value) RMSEA  
[90% CI] 

SRMR CFI TLI AIC 

A: Vocabulary, 
syntactic 
comprehension, and 
fluid reasoning 

17.18 (11, .10) .09 [.00 .17] .07 .94 .89 2593 

B: Language & fluid 
reasoning 

32.23 (13, < .01) .15 [.08 .21]  .10 .82 .71 2604 

C: Vocabulary & fluid 
reasoning 

28.43 (13, < .01) .13 [.07 .20] .10 .85 .76 2600 

Note. RMSEA = root mean square error of approximation, SRMR = standardized root mean 
squared residual, CFI = comparative fit index, TLI = Tucker-Lewis index, AIC = Akaike 
information criterion 
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Figure 4.1  
Model A: Three-factor CFA model 

 

Note. All parameter estimates are statistically significant at p < .05 unless otherwise stated 

 

The convergent and discriminant validity of the syntactic comprehension factor can be 
further assessed by examining the Average Variance Extracted (AVE) and Construct 
Reliability (CR). The AVE is the average percent of variance explained by the factor 
across all indicators. Generally, values above .50 are considered indicative of convergent 
validity, indicating that the factor on average explains 50% of variance in its indicators 
(Fornell & Larcker, 1981; Netemeyer et al., 2003). CR is a measure of how much total 
variance across all indicators a factor explains. In general, values above .70 are considered 
indicative of convergent validity (Hair et al., 2010). Discriminant validity can be assessed 
by the Fornell-Larcker criterion which states that a factor exhibits discriminant validity 
when the AVE of the factor is higher than the squared correlation with other factors 
(Fornell & Larcker, 1981). In other words, a factor exhibits discriminant validity when 
the factor explains more variance in its indicators than it shares with other factors. 

The AVE for the syntactic comprehension factor was .43, indicating the absence of 
convergent validity. Furthermore, the syntactic comprehension factor had a construct 
reliability of .69, that is, just below the recommended cutoff of .70. Thus, although there 
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is some shared variance between the three syntactic comprehension tests, they diverge to 
a degree that suggests that they only partially tap into the same construct. However, the 
syntactic comprehension factor did exhibit discriminant validity based on the Fornell-
Larcker criterion as the AVE of .43 was higher than the squared correlations with the 
vocabulary factor and the fluid-reasoning factor at .36 and .33. 

Although Model A fit the data the best, both the Comparative Fit Index, the Root 
Mean Square Error of Approximation, and the Tucker Lewis Index were outside of the 
acceptable range (Schermelleh-Engel & Moosbrugger, 2003). Because we expected that 
the poor model fit was due to the low correlation between the indicators of the fluid-
reasoning factor, we fit two additional three-factor models, one with Figure-Weights as 
the only indicator of the fluid-reasoning factor and one with Matrix Reasoning as the only 
indicator of the fluid-reasoning factor. In order to account for measurement error in the 
fluid-reasoning indicators in these models, we fixed the error variance of the tests based 
on their split-half reliability (Brown, 2015). These two models had a good fit to data (χ2 
= 8.01, df = 7, p = .332, CFI = .99, TLI = .98, RMSEA = .05 [.00 .16], SRMR = .05 and 
χ2 = 10.737, df = 7, p = .151, CFI = .95, TLI = .90, RMSEA = .09 [.00 .19], SRMR = .07), 
and produced the same results as Model A in terms of the convergent and discriminant 
validity of the syntactic comprehension construct.  

In summary, the results of the factor analyses indicated that the three syntactic 
comprehension tests only partially measure the same skill(s). The syntactic 
comprehension factor did, however, exhibit discriminant validity, indicating that the 
syntactic comprehension tests tap into a construct separate from vocabulary and fluid 
reasoning. 

The second and third research question were whether there were differences 
between tests in how highly they correlated with vocabulary and fluid-reasoning skill and 
whether the three syntactic comprehension tests explained variance in reading 
comprehension to the same extent after controlling for decoding skill, vocabulary, and 
fluid-reasoning skill. Because these analyses were based on observed variables rather than 
latent variables like above, the measures were scaled and combined to form composite 
scores of decoding skill, vocabulary, and fluid-reasoning skill. The zero-order 
correlations between composite scores are presented in Table 4.6. 
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Table 4.6  
Zero-order correlations between composite scores  
 

 1. 2. 3. 4. 5. 6. 7. 
1. Decoding composite 1       
2. Vocabulary composite .31 1      
3. Fluid reasoning composite .10 .07 1     
4. Whodunnit .32 .34 .23 1    
5. Sentence repetition .31 .42 .10 .38 1   
6. TROG-2 .10 .34 .47 .48 .42 1  
7. Reading comprehension  .40 .26 .25 .44 .34 .40 1 

Note: R-values at .23 and above are significant at p<.05 

 
Based on Frizelle et al. (2017; 2019), we expected the TROG-2 to be more highly 
correlated with fluid-reasoning skill than the other tests, and this seemed to be the case. 
The TROG-2 correlated significantly higher with fluid reasoning (r = .47) than the 
whodunnit (r = .23) and sentence repetition (r = .10) did (William’s Test: t = 2.15, p = 
.04; t = 3.17, p < .01) (Steiger, 1980). Sentence repetition and the whodunnit did not differ 
significantly in their correlation with fluid reasoning (William’s Test: t = 0.97, p = .33). 
Furthermore, we expected the TROG-2 to be more highly correlated with vocabulary 
because some of the items target constructions that require knowledge of specific words. 
This, however, was not the case. In fact, there were no significant differences between 
any of the correlations between vocabulary and the syntactic comprehension tests 
(William’s Test: t = 0.65, p = .52; t = 0.67, p = .50), indicating that the three tests were 
equally vocabulary dependent.  

In order to examine whether the three syntactic comprehension tests explained 
variance in reading comprehension to the same extent after controls, we performed three 
hierarchical regression analyses with reading comprehension as the dependent variable, 
decoding skill, vocabulary, and fluid reasoning inserted as controls in the first step, and 
each syntactic comprehension test inserted separately in the second step. The analyses are 
presented in Table 4.7.  
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Table 4.7  
Three hierarchical regression analyses with reading comprehension as the dependent 
variable 
 
Step Variable ∆r2 Final β 
1 Fluid reasoning .22*** .05-.19 (ns) 
1 Decoding  .28-.35* 
1 Vocabulary  .03-.07 (ns) 
2 Sentence comprehension .07* .30* 
2 Sentence repetition .03 (ns) .20 (ns) 
2 TROG-2 .08* .33* 

Note: * p < .05, ** p < .01, *** p < .001 

 
The three syntactic comprehension tests did not explain variance in reading 
comprehension to the same extent. The whodunnit test and the TROG-2 explained 7% 
and 8% additional variance in reading comprehension after controlling for decoding, 
vocabulary, and fluid reasoning, whereas sentence repetition did not explain significant 
additional variance in reading comprehension after controls.  

 
 
Discussion 
 
The aim of this study was to assess to what extent different syntactic comprehension tests 
measure the same construct. Analyses supported a three-factor model with syntactic 
comprehension, vocabulary, and fluid reasoning as separate factors, but the three 
syntactic comprehension tests differed in several ways. First, analyses of construct 
validity showed that the three tests only partially tapped into the same construct, with 
satisfactory discriminant validity, but somewhat unsatisfactory convergent validity. 
Second, the TROG-2 was more highly correlated with fluid-reasoning skill than the two 
other tests were, and third, the TROG-2 and the whodunnit test explained unique variance 
in reading comprehension after controls, but the sentence repetition test did not. These 
results have consequences for the use and interpretation of different syntactic 
comprehension tests in research and educational practice.  

 The relatively high correlation between the TROG-2 and fluid reasoning provides 
empirical support for the hypothesis put forward by Frizelle et al. (2017; 2019) that the 
TROG-2 format is dependent on non-linguistic fluid-reasoning skill, but the present study 
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extends past these two studies by including a separate fluid-reasoning measure for 
comparison. Nonetheless, the TROG-2 did still explain variance in reading 
comprehension after controls and thus does seem to capture relevant variance in syntactic 
comprehension. However, if studies need to isolate syntactic comprehension from fluid-
reasoning skill, the TROG-2 format may be inappropriate, and it may confound studies 
of syntactic comprehension and reading comprehension if the outcome or control 
measures are fluid-reasoning dependent. In line with the results presented in Frizelle et 
al. (2017;2019), the fluid-reasoning dependency of the TROG-2 suggests that this test 
may underestimate children’s syntactic comprehension, perhaps especially in children 
with poor fluid-reasoning skill. Therefore practitioners may want to include additional 
syntactic comprehension measures in other formats in their assessment of children’s 
syntactic comprehension. 

Sentence repetition differed from the other two tests by not explaining significant 
variance in reading comprehension after controls. This may be because sentence 
repetition is more of a general language measure than a specific syntactic comprehension 
measure. It is well established that sentence repetition involves linguistic representations 
(Potter & Lombardi, 1998; Riches, 2012). Klem et al. (2015), however, argued that 
sentence repetition is best viewed as a complex language measure and unlike the other 
included syntactic comprehension tests, sentence repetition also involves production. 
This complexity may explain why a number of studies show that sentence repetition is 
very useful for identifying language disorder in children (Armon-Lotem & Meir, 2016; 
Conti-Ramsden et al., 2001; Smolík & Vávru, 2014; Vang Christensen, 2019), but it could 
also be part of the reason why sentence repetition does not explain variance in reading 
comprehension after controls to the same extent as other syntactic comprehension 
measures. It may also explain why sentence repetition correlates with vocabulary (r = 
.42) and the other syntactic comprehension tests (r = .38 and r = .42) at the same level.  

Finally, the whodunnit test explained significant variance in reading comprehension 
and was not dependent on fluid-reasoning skill, indicating that such sentence 
comprehension tests are good measures of syntactic comprehension which are not 
confounded by fluid-reasoning skill.  

 While all three tests tap into syntactic comprehension, researchers who want to 
isolate syntactic comprehension skill from other language comprehension skills may want 
to avoid sentence repetition tests as they are likely broader general language measures. 
Instead, researchers should opt for tests in the whodunnit format or the TROG-2 format, 
although the TROG-2 format may not be suitable in cases where it is important to isolate 
syntactic comprehension from fluid-reasoning skill. 

The present results replicate the pattern of previous studies finding unique 
contribution of syntactic comprehension to reading comprehension using whodunnit tests 
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and the TROG-2 (Poulsen & Gravgaard, 2016; Poulsen et al., 2022; Silva & Cain, 2015; 
Sorenson Duncan et al., 2021), and studies failing to find unique contributions using 
sentence repetition tests (Foorman, Herrera, et al., 2015; Foorman, Koon, et al., 2015; 
Poulsen et al., 2022). As an exception to this pattern, Oakhill and Cain (2012) did not find 
a unique contribution from syntactic comprehension to reading comprehension despite 
using the TROG-2. A substantial difference between Oakhill and Cain (2012) and 
previous studies is that Oakhill and Cain included several higher-level language skills: 
inferencing, comprehension monitoring, and knowledge of story structure. It is possible 
that these measures tap into syntactic comprehension because they involve 
comprehension at the sentence level, constituting potentially unreasonably strong 
controls. However, future research is needed to determine how different syntactic 
comprehension tests interact with different controls and what this reveals about the 
relationship between syntactic comprehension and reading comprehension. 

 
Limitations 

While the purpose of the present study was to compare different formats of syntactic 
comprehension tests, the tests differed from each other in other ways than format. The 
items in the sentence repetition test and the whodunnit test were based on the same 
syntactic constructions, but the TROG-2 included items that target specific elements such 
as prepositions, pronouns, and the neither … nor construction. However, four of the last 
five items carried almost all of the variation in the TROG. These four items target subject- 
and object-extracted relative clauses, and in this way, almost all of the variance in the 
TROG-2 in this study comes from items that resemble the items in the two other tests, 
making it likely that differences between the TROG-2 and the two other tests come from 
format differences.  

The present study used a reading comprehension test that was not very vocabulary 
dependent. The reading comprehension test contained mostly very simple vocabulary, 
which probably did not pose much of a challenge for most of the children. This means 
that vocabulary was a relatively weak control in the hierarchical regression analyses. 
However, the unique contribution from the syntactic comprehension tests to reading 
comprehension was similar to or lower than other studies where vocabulary was a 
stronger control, for example Article 1, Brimo et al. (2017), and Sorenson Duncan et al. 
(2020). This suggests that the significant contributions from the TROG-2 and the 
whodunnit to reading comprehension are not just due to the fact that the reading 
comprehension test was not very vocabulary dependent. 

Both the TROG-2 and the whodunnit had low reliabilities. However, they both 
explained significant variance in reading comprehension after controls at the same level 
of previous studies (Poulsen & Gravgaard, 2016; Poulsen et al., 2022; Sorenson Duncan 
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et al., 2021), suggesting that low reliability if anything underestimates a relatively strong 
relationship between reading comprehension and syntactic comprehension. The low 
reliability of the TROG-2 in older children has been seen in other studies among older 
children within the target age-range of the test (Oakhill & Cain, 2012) and should 
probably be considered a property of this rightfully well-regarded test when used among 
older children without language disorder. 

Finally, this study used a small sample for conducting confirmatory factor analyses 
(Brown, 2015; Tabachnick & Fidell, 2013). One of the main issues with small samples in 
confirmatory factor analysis is models failing to converge or producing out-of-bounds 
values (so-called Heywood cases) (Jackson et al., 2013). However, there were no 
convergence issues, including Heywood cases, with any of the models presented in this 
article. Another concern is whether there is enough power to reject poorly-fitted models 
based on the χ2 statistic (Shi et al., 2019). In the present study, both two-factor models 
showed a significant χ2 statistic, and the χ2 difference between the three factor model and 
the two-factor models was significant despite the small sample size. Nevertheless, small 
samples produce larger standard errors and therefore less precise parameter estimates, 
and small samples are more vulnerable to sampling error. For this reason, the factor 
analyses here should be interpreted with caution, and future studies should seek to 
replicate these results in larger samples.  

 
Conclusion 
This study finds some support for the existence of a syntactic comprehension factor that 
is separate from vocabulary and fluid reasoning. However, there are substantial 
differences between measures of syntactic comprehension. Sentence repetition appears to 
tap into a wider range of language skills and may not be an appropriate measure for 
isolating syntactic comprehension. Whodunnit tests and tests in the TROG-2 format are 
more suitable for isolating syntactic comprehension from other language skills, but the 
TROG-2 format is correlated with fluid reasoning, potentially confounding studies of 
syntactic comprehension and reading comprehension if control measures or outcome 
measures are fluid-reasoning dependent.  
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Chapter 5 

General discussion 
 
The studies in this dissertation examined three related areas: The dimensionality of 
syntactic comprehension and vocabulary, the relationship between syntactic 
comprehension and reading comprehension, and the assessment of syntactic 
comprehension. Articles 1 and 2 found that syntactic comprehension constitutes a distinct 
source of individual differences that is different from vocabulary (in Articles 1 and 2) and 
from working memory (in Article 1). Furthermore, these two articles found that syntactic 
comprehension explained unique variance in reading comprehension after controls of 
decoding skill, vocabulary, and working memory. This indicates that some children have 
trouble comprehending text not because they do not know the meaning of individual 
words or because they have poor memory of the text, but because they have difficulties 
using syntactic cues to derive the meaning relations between words in a sentence.  

Articles 3 and 4 examined the assessment of syntactic comprehension. Article 3 
found that the whodunnit test as a measure of individual differences in syntactic 
comprehension was not confounded by lexical retrieval efficiency despite children having 
to retrieve many discursively new lexical items at once. This supports the interpretations 
presented in Articles 1 and 2 that the unique contribution from syntactic comprehension 
tests to reading comprehension does in fact reflect syntactic comprehension. Article 4 
compared three different commonly used formats of syntactic comprehension tests: The 
whodunnit, sentence repetition, and the TROG-2. The study found that although there is 
some shared variance between syntactic comprehension tests, there are substantial 
differences between the tests. The most notable difference is that sentence repetition did 
not explain significant variance in reading comprehension after controls in contrast to the 
whodunnit test and the TROG-2. The article concluded that sentence repetition tests are 
perhaps better viewed as general oral language measures than as specific syntactic 
comprehension measures, which means that they are less likely to explain variance in 
reading comprehension after controlling for vocabulary. Indeed, as described in Article 
4, previous studies using sentence repetition as their syntactic comprehension measure 
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tend not to find a significant contribution to reading comprehension, while studies using 
the whodunnit or the TROG-2 mostly do find a unique contribution from syntactic 
comprehension to reading comprehension, although not all studies follow this pattern. 
Interestingly, while Article 1 did not find a unique contribution from sentence repetition 
to reading comprehension after controls, Article 2 did find a unique contribution from 
syntactic comprehension to reading comprehension despite including a sentence 
repetition test as one of the syntactic comprehension measures. This is further discussed 
in Section 5.2. 

The general discussion in this chapter is structured in the following way: Section 
5.1 discusses the interpretation of the results concerning the dimensionality of syntactic 
comprehension and vocabulary and discusses general issues related to latent variable 
modelling in dimensionality analyses. Section 5.2 discusses the interpretation of the 
relationship between syntactic comprehension and reading comprehension and potential 
mechanisms underlying this relationship, including the implications for educational 
practice and future research. Section 5.3 discusses the results concerning the 
methodological issues of the assessment of syntactic comprehension. Finally, Section 5.4 
presents an overall conclusion to the dissertation. 

 
 
5.1 The interpretation of the dimensionality of 
syntactic comprehension and vocabulary 
 
Articles 1 and 2 examined the dimensionality of syntactic comprehension and vocabulary 
by examining the convergent and discriminant validity of syntactic comprehension in 
relation to vocabulary. Although there has been a growing interest in examining the 
dimensionality of language comprehension in individual differences research (e.g. 
Language and Reading Research Consortium, 2015a; Language and Reading Research 
Consortium, 2015b; Lonigan & Milburn, 2017; Tomblin & Zhang, 2006), studies do not 
generally discuss how the dimensionality of constructs in individual differences studies 
should be interpreted. When addressing the status of the constructs, studies phrase their 
questions in terms of whether constructs represent unitary traits or distinct factors 
(Language and Reading Research Consortium, 2015, p. 1948), whether a construct 
represents an additional dimension, whether test scores are attributable to a single 
common factor or trait (Tomblin & Zhang, 2006, p. 1193), or whether test scores 
represent separate abilities (Anthony et al., 2014, p. 56). In this way, dimensionality 
studies often imply that their results directly reflect the psychological status of potential 
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constructs. For example, Tomblin and Zhang (2006) relate their study of the 
dimensionality of individual differences in grammar and vocabulary to the discussion of 
whether the processing of grammar and vocabulary are based on different underlying 
mental systems (pp. 1193-1194).  

However, this is arguably not a valid interpretation of such dimensionality analyses. 
Dimensionality studies are based on correlations between measures, and in individual 
differences studies, the correlations between tests do not directly reflect to which extent 
the same mental or neurological processes are involved in different tests. Rather, 
correlations reflect to which extent performance on two tests covaries across individuals. 
More specifically, the correlation between two tests simply reflects to which extent 
relatively high scores on one test are associated with relatively high scores on the other 
test, and relatively low scores on one test are associated with relatively low scores on the 
other test (i.e. do children who get a relatively high score on one test also get a relatively 
high score on the other test, and do children who get a relatively low score on one test 
also get a relatively low score on the other test). In this way, the dimensionality of 
individual differences is a reflection of the patterns of association between individuals’ 
relative scores across tests, and this does not necessarily reflect the mental or neurological 
processes involved in the tests. 

 It is at least hypothetically possible for skills that are based on separate mental and 
neurological processes to emerge as a single factor in individual differences studies and 
vice versa. For example, Foorman, Herrera, et al. (2015) found that in second grade, 
listening comprehension measures, syntactic comprehension measures, and vocabulary 
measures reflected a single factor. This reflects a strong association between individual 
children’s performance across tests: Children who score relatively highly on the listening 
comprehension tests tend to score relatively highly on the syntactic comprehension and 
vocabulary tests and similarly with children with low and average scores. But the 
dimensionality analyses cannot determine what drives this association between children’s 
performance across tests. It may be that vocabulary, syntactic comprehension, and 
listening comprehension constitute the same psychological construct in that they are 
manifestations of the same psychological or neurological processes. However, it is also 
possible that listening comprehension, syntactic comprehension, and vocabulary depend 
on separate or partially separate psychological processes, and that the association between 
individual children’s performance on different tests is driven by other mechanisms. This 
might be the case if the acquisition of vocabulary and the acquisition of syntactic 
comprehension were dependent on the same environmental factors even if the 
comprehension of individual words and the comprehension of syntactic cues depended 
on different psychological processes. In this situation, children who are exposed to a 
supportive learning environment will likely develop both a large vocabulary and good 
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syntactic comprehension, while children who are exposed to an unsupportive learning 
environment would develop a smaller vocabulary and poorer syntactic comprehension. 
In such a scenario, any differences between vocabulary size and syntactic comprehension 
would not be detectable in individual differences studies even if vocabulary and syntactic 
comprehension depend on separate psychological processes. As a more tangible example 
of how high correlations between individual differences should be interpreted, consider 
the strong correlation between hand and foot size across individuals (rs at .66-.74) 
(Sahebrao Pungle et al., 2017); individuals with large hands tend to have large feet and 
vice versa. But this does not necessarily mean that hands and feet should be considered 
the same thing or that they work in the same way or serve the same functions.  

Similarly, the emergence of syntactic comprehension and vocabulary as separate 
factors in Article 1 and Article 2 does not necessarily indicate that syntactic 
comprehension and vocabulary are processed in qualitatively different ways or that they 
are dependent on separate psychological or neurological processes. There may be other 
reasons for syntactic comprehension and vocabulary to vary (partially) independently of 
each other across individuals. As discussed in Article 2, some twin studies of the etiology 
of syntax and vocabulary report results that indicate that syntax and vocabulary may be 
differentially affected by environment and genetics, despite actually being dependent on 
the same genetic and environmental factors. For example, Dale et al. (2000) found that 
among two-year old twins, genetics explained more variance in productive syntax (39%) 
than in vocabulary (25%). Conversely, shared environment explained more variance in 
vocabulary (69%) than in productive syntax (48%). Mimeau et al. (2018) found parallel 
results in first grade. Here genetics explained approximately the same amount of variance 
in productive syntax (42%) and vocabulary (39%), but while shared environment 
explained 52% of variance in vocabulary, shared environment did not explain significant 
variance in productive syntax. Importantly, both studies report high correlations between 
the genetic influences of vocabulary and productive syntax (.61 in Dale et al. (2000) and 
1.0 in Mimeau et al. (2018)), indicating that it is largely the same genes that influence 
vocabulary and productive syntax. While it is important to note that other twin studies 
have found that syntax and vocabulary are equally dependent on environmental factors 
(Dale et al., 2010; DeThorne et al., 2012), Mimeau et al. (2018) and Dale et al. (2000) 
illustrate a possible mechanism behind the emergence of syntactic comprehension and 
vocabulary as separate sources of individual differences in Article 2.  

While the results of Articles 1 and 2 do not reveal to which extent the (partial) 
division of vocabulary and syntactic comprehension is psychologically real, the result that 
syntactic comprehension and vocabulary vary partially independently of each other across 
individuals is valuable information in and of itself. It tells us that children in this age 
group may experience difficulties with syntactic comprehension despite having average 
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or good vocabulary and vice versa. For educational practice, this lends supports to the 
assessment of both syntactic comprehension and vocabulary in language comprehension 
assessments. For educational practice in regular classrooms, it suggests that children may 
benefit from explicit instruction in syntactic comprehension in addition to the explicit 
instruction in the meaning of individual words that already plays a prominent role in most 
regular middle-school classrooms. The practical implications of the present dissertation 
are further discussed in Section 5.2.  

 

5.1.1 Previous studies of the dimensionality of syntactic 
comprehension and vocabulary and issues related to latent 
variable modelling 
As described in Article 2, the emergence of syntactic comprehension and vocabulary as 
separate sources of individual differences differs from the results of previous latent 
variable dimensionality studies of syntactic comprehension and vocabulary (specifically 
Foorman, Herrera, et al., 2015; Foorman, Koon, et al., 2015; Kieffer et al., 2016). Article 
2 focused on the fact that these previous studies use standardized measures of syntactic 
comprehension that possibly tap into a wider range of skills, blurring potential 
distinctions between constructs. The article briefly touched upon how the choice of 
measures may affect the results of latent variable studies, but this issue will be further 
elaborated in this section together with another issue related to latent variable modelling, 
which is not presented in Article 2, namely the use of bifactor models. These two issues 
are discussed here because they are an important step in identifying why Article 2 reached 
different conclusions from previous studies. As a consequence of this, it is also an 
important step in assessing the validity of the results in Article 2.  

Article 2 stated that Foorman, Herrera, et al. (2015), Foorman, Koon, et al. (2015), 
and Kieffer et al. (2016) found little evidence of a separate syntactic comprehension 
construct. However, this is actually only partially true in the case of Foorman, Koon, et 
al. (2015) and Kieffer et al. (2016). These studies both concluded that a bifactor model 
represented the data best, and in both of their bifactor models, there was actually a 
syntactic comprehension factor. However, this syntactic comprehension factor is 
substantially different from the syntactic comprehension factor in Article 2, and the 
present section will argue that the syntactic comprehension and vocabulary tests in 
Foorman, Koon, et al. (2015) and Kieffer et al. (2016) should rather be interpreted as a 
reflection of a single general language factor without specific factors of syntactic 
comprehension or vocabulary.  

Bifactor models are model structures where there is both a general factor and two 
or more specific factors. For example, Foorman, Koon, et al. (2015) had a general 
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language factor that loaded onto both syntactic comprehension and vocabulary tests in 
addition to specific latent factors of syntactic comprehension and vocabulary that only 
loaded onto syntactic comprehension tests and vocabulary tests, respectively. This type 
of factor structure is illustrated in Figure 5.1. 

 
 

Figure 5.1 
Illustration of bifactor structure 
 

 
The bifactor structure presented in Figure 5.1 is interpreted as the syntactic 
comprehension tests reflecting both a general language comprehension construct and a 
specific syntactic comprehension construct. Similarly, performance on the vocabulary 
tests reflects a general language comprehension construct and a specific vocabulary 
construct. A more conceptual interpretation of this structure is that some of the variance 
in syntactic comprehension tests is due to individual differences in syntactic 
comprehension, and some of the variance is due to individual differences in general 
language comprehension. Importantly, in bifactor models, the latent variables are set to 
be uncorrelated. This means that the variance in the latent syntactic comprehension 
variable represents shared variance between syntactic comprehension measures that is not 
shared with vocabulary tests. This stands in contrast to the latent syntactic comprehension 
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variable in Article 2, which was allowed to correlate with vocabulary, and indeed did 
correlate with vocabulary. Thus the latent syntactic comprehension variable in Article 2 
represented all of the shared variance between syntactic comprehension measures, 
including any variance that correlated with vocabulary knowledge. In this way, the latent 
syntactic comprehension variable in Article 2 and the latent syntactic comprehension 
variables in Foorman, Koon, et al. (2015) and Kieffer et al. (2016) are substantially 
different. Furthermore, there is reason to believe that the latent syntactic comprehension 
variables in Foorman, Koon, et al. (2015) and Kieffer et al. (2016) are less accurate 
representations of individual differences in syntactic comprehension due to the use of the 
bifactor model structure. 

Recently, the use of bifactor models in individual differences research has received 
critique. Specifically, studies show that there is a tendency for bifactor models to overfit 
the data, producing better model fit statistics than other models regardless of the true 
structure of the data, perhaps due to an ability to account for implausible or invalid 
performance patterns across tests (Bonifay et al., 2017; Reise et al., 2016). For this reason, 
some researchers recommend not using bifactor structures unless there is good theoretical 
motivation to expect the examined psychological constructs to relate to each other in the 
way the model proposes (Bonifay et al., 2017). This includes good theoretical rationale 
for assuming that the constructs represented by the latent variables (in the example in 
Figure 5.1, syntactic comprehension, vocabulary, and language) are uncorrelated 
(Decker, 2021). Critics of bifactor models also emphasize the importance of indicator 
tests properly reflecting the subconstructs (syntactic comprehension and vocabulary in 
Figure 5.1) by exhibiting high factor loadings (Watts et al., 2019). In Foorman, Koon, et 
al. (2015) and Kieffer et al. (2016), none of these criteria are fulfilled. First, there is 
arguably no theoretical rationale for postulating the existence of a general language 
comprehension factor alongside specific factors of syntactic comprehension and 
vocabulary. It is difficult to interpret what kind of comprehension processes the general 
language factor would represent that do not encompass vocabulary knowledge or 
syntactic comprehension and that are completely uncorrelated with vocabulary and 
syntactic comprehension. Second, and in line with the above, there is no theoretical 
rationale for expecting individual differences in syntactic comprehension and vocabulary 
to be uncorrelated. Indeed, in individual differences studies, language comprehension 
skills are generally expected to be correlated. Finally, in the one fully reported model 
presented in Foorman, Koon, et al. (2015), the latent syntactic comprehension variable 
did not load significantly onto either syntactic comprehension test (factor loadings of .10 
and .19), indicating that there were in fact no grounds for such a syntactic comprehension 
factor despite the good model fit (Watts et al., 2019). Another sign that the bifactor model 
may be an inappropriate model for the data in Foorman, Koon, et al. (2015) concerns the 
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parameter estimates of their full structural equation models. Foorman, Koon and 
colleagues fit several models with a latent reading comprehension variable regressed onto 
syntactic comprehension, vocabulary, the general language factor, and a decoding factor 
in fourth through 10th grade. In fifth through 10th grade, the latent syntactic 
comprehension variable explained no significant variance in reading comprehension. 
However, in fourth grade, syntactic comprehension predicted reading comprehension 
with a standardized regression coefficient of .50 (p < .001). The same is the case for the 
latent vocabulary variable that significantly predicted reading comprehension in seventh 
grade, but not in any of the other six grades. It seems implausible that syntactic 
comprehension should be such a strong predictor in fourth grade and then not a significant 
predictor at all in the other grades. This raises the suspicion that in these data, the bifactor 
model is a relatively unstable solution where small differences in the data produce 
dramatically different parameter estimates.  

While Kieffer et al. (2016) do not report the factor loadings in their model, the factor 
loadings in the one reported model in Foorman, Koon, et al. (2015) indicate that most of 
the variance in the syntactic comprehension and vocabulary tests can be explained by a 
general language factor. In fact, the general language factor explained between 45% and 
74% of the variance in indicator tests with an average of 60%, and all tests loaded more 
highly on the general language factor than the specific syntactic comprehension or 
vocabulary factor. This seemingly large overlap between syntactic comprehension and 
vocabulary measures may be interpreted as an indication that the factor structure of the 
data is more reasonably analyzed as syntactic comprehension and vocabulary 
representing a single factor, parallel to Foorman, Herrera, et al. (2015). Indeed, in 
Foorman, Koon, et al. (2015) the model where syntactic comprehension and vocabulary 
represented a single factor had an acceptable fit to data and was the model with the next-
best fit after the bifactor model in all seven grades. 

As described in Article 2, one reason that previous studies have not found strong 
evidence for a separate syntactic comprehension factor may be that they make use of 
standardized measures of syntactic comprehension that tap into a wider range of skills. A 
strength of latent variable modelling is that it accounts for random measurement error and 
format-specific error variance in individual tests. Often there is an assumption that this 
means that latent variable models automatically produce more accurate estimates of the 
relationships between constructs than using observed variables (e.g. Foorman, Koon, et 
al., 2015, p. 884-885). As shortly touched upon in Article 2, this section will argue that 
this may not always be the case, especially when examining closely related skills, because 
the latent variables might actually not represent the intended construct despite the model 
accounting for measurement error and format-specific variance. As described in Article 
2, latent variables represent the shared variance between indicator tests. For example, the 
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latent vocabulary variable in Article 2 represents the shared variance between the 
productive vocabulary test and the Peabody Picture Vocabulary Test. While it may seem 
obvious, it is important to bear in mind that the label attached to any latent variable is a 
theoretical interpretation, not a statistical fact. In studies that use broader standardized 
measures such as the previous studies of syntactic comprehension and vocabulary, the 
latent variables may not actually accurately represent the intended construct. Specifically, 
there is reason to expect that the syntactic comprehension tests used in Foorman, Koon, 
et al. (2015) and Kieffer et al. (2016) tap into other skills than syntactic comprehension, 
in which case the shared variance between tests does not necessarily exclusively represent 
syntactic comprehension. If syntactic comprehension tests are not specifically designed 
to minimize the influence of vocabulary, syntactic comprehension tests may actually also 
tap into vocabulary knowledge, in which case latent syntactic comprehension variables 
not only represent syntactic comprehension, but rather a combination of syntactic 
comprehension and vocabulary. In this case, models would overestimate the relationship 
between the latent syntactic comprehension variable and the latent vocabulary variable, 
potentially obscuring a distinction between the two. No tests are perfect, including the 
syntactic comprehension tests used in Article 2. However, using tests that are specifically 
designed to measure syntactic comprehension and to avoid confounds from vocabulary 
minimizes the risk of potentially overestimating the relationship between syntactic 
comprehension and vocabulary in latent variable models. To the extent that Article 2 is 
comparable to previous studies, the results suggest that minimizing the dependency on 
vocabulary in syntactic comprehension tests allows a distinction between vocabulary and 
syntactic comprehension to appear that it is not visible when using tests that are not 
specifically designed for the purpose. Interestingly, Article 2 found a separate syntactic 
comprehension factor despite using a sentence repetition test, a test format that Article 4 
found is likely quite vocabulary-dependent. It is possible that the two other syntactic 
comprehension tests, the oral and the written whodunnit, are not very vocabulary-
dependent, meaning that variance in the sentence repetition test caused by vocabulary 
knowledge is partitioned out of the latent variable because it is not shared with the two 
other tests.  

It is important to point out that there is another major difference between Article 2 
and previous studies of the dimensionality of syntactic comprehension and vocabulary, 
namely the fact that Article 2 examined data from Danish-speaking children, while 
Foorman, Herrera, et al. (2015), Foorman, Koon, et al. (2015), and Kieffer et al. (2016) 
examined English-speaking children. It is possible that the dimensionality of individual 
differences in syntactic comprehension and vocabulary differs across languages, for 
example depending on the types of syntactic cues language utilize. However, English and 
Danish are similar in that they have very little case marking and mainly mark syntactic 
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relations through word order. Therefore, it seems reasonable to assume that the 
differences between Article 2 and previous studies reflect the fact that Article 2 used 
specially-designed syntactic comprehension measures. However, future studies should 
test this interpretation by replicating the study in Article 2 among English-speaking 
children. 

 
 
5.2 Mechanisms behind the relationship between 
syntactic comprehension and reading comprehension 
 
Articles 1 and 2 found that syntactic comprehension explained variance in reading 
comprehension after controlling for decoding skill, vocabulary, and in the case of Article 
1 also working memory. This suggests that some children may have difficulties 
understanding texts, not because they cannot decode the written words or do not know 
the meaning of individual words, but because they have difficulties understanding the 
syntactically coded meaning relations between words. However, even among studies that 
find a significant contribution from syntactic comprehension to reading comprehension, 
there is disagreement as to which exact mechanisms underlie the relationship between 
these two skills. Some researchers propose that the relationship between syntactic 
comprehension and reading comprehension has to do with the knowledge of specific 
syntactic constructions (MacKay et al., 2021; Sorenson Duncan et al., 2021). In contrast, 
the present dissertation proposes that it is not about knowledge of specific syntactic 
constructions, but rather about general syntactic processing efficiency. In line with 
previous studies, the following sections will use the term difficult syntactic constructions 
to denote passives, object-extracted relative clauses, and in Danish also object-verb-
subject (OVS) constructions. The term easy syntactic constructions will be used to denote 
active subject-verb-object (SVO) constructions and subject-extracted relative clauses. 
Section 5.2.1 will discuss the role of the knowledge of specific syntactic constructions 
and argue that the relationship between syntactic comprehension and reading 
comprehension is likely not driven by the knowledge of specific syntactic constructions. 
Section 5.2.2 presents an alternative view, namely the idea of general syntactic processing 
efficiency that does not revolve around specific syntactic constructions. Based on these 
considerations, Section 5.2.3 discusses what effective syntactic comprehension 
instruction might look like in classrooms.  
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5.2.1 The role of knowledge of specific constructions 
Sorenson Duncan et al. (2021) found that the comprehension of easy syntactic 
constructions (active transitive non-embedded sentences and subject-extracted relative 
clauses) was a better predictor of (Canadian) fifth graders’ reading comprehension than 
their comprehension of difficult syntactic constructions (passives and object-extracted 
relative clauses). Sorenson Duncan et al. (2021) interpreted these results as reflecting that 
it is the knowledge and comprehension of easy syntactic constructions that supports 
reading comprehension in that age group rather than the comprehension of difficult 
syntactic constructions. In support of this view, Sorenson Duncan et al. (2021) proposed 
that children in this age group do not yet have sufficient comprehension of these difficult 
syntactic constructions for them to support reading comprehension. In contrast, Poulsen 
and Gravgaard (2016) found that the comprehension of difficult syntactic constructions 
was a better predictor of (Danish) fifth graders’ reading comprehension than the 
comprehension of easy syntactic constructions. In a review article, MacKay et al. (2021) 
interpreted this result as an indication that in the sample in Poulsen and Gravgaard (2016) 
it is the comprehension of difficult syntactic constructions that supports reading 
comprehension. Article 1 replicated the results of Poulsen and Gravgaard (2016), and 
although not reported in Article 2, post hoc analyses of the Article 2 data also replicated 
these results. As briefly touched upon in Article 1, there is reason to suspect that the 
stronger predictive value of the comprehension of difficult syntactic constructions does 
not indicate that the comprehension of difficult syntactic constructions is more important 
for reading comprehension than the comprehension of easy syntactic constructions. First, 
the comparison of Sorenson Duncan et al. (2021) and Article 1 suggests that whether easy 
or difficult constructions have the highest contribution to reading comprehension depends 
on the psychometric properties of the measures rather than the specific syntactic 
constructions. In Article 1, there was a ceiling effect on the comprehension accuracy of 
easy syntactic constructions with an average of 93% correct (SD = 6%), while the average 
comprehension accuracy of difficult syntactic constructions was substantially lower (69% 
(SD = 16%)). Poulsen and Gravgaard (2016) report roughly the same patterns of 
distribution. The comprehension accuracy scores in Sorenson Duncan et al. (2021) are 
substantially lower. In their study, there seems to be a floor effect on the comprehension 
accuracy of the difficult constructions with close to chance level performance (mean 
comprehension accuracy of 43% with three options for each question (SD = 27%)), while 
the comprehension accuracy on easy sentences resembles the comprehension accuracy of 
difficult sentences in Article 1 (mean comprehension accuracy of 73% (SD = 20%)). This 
suggests that it is simply the comprehension measure that exhibits the most normal 
distribution that is the best predictor of reading comprehension. In Article 1, this is the 
comprehension of difficult structures. In contrast, Sorenson Duncan et al. (2021) made 
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use of a whodunnit test that was generally more difficult than the whodunnit test in Article 
1 in that the test sentences were designed to be semantically nonsensical (e.g. The hat had 
hugged the belt behind the very bright new sock). Under these more demanding 
conditions, the comprehension accuracy of the difficult constructions falls to chance 
level, and the most normal distribution is found on the comprehension accuracy of easy 
sentences.  

There are several other arguments for rejecting the idea that the relationship 
between syntactic comprehension and reading comprehension found in Poulsen and 
Gravgaard (2016) and Article 1 is driven by the knowledge of specific difficult syntactic 
constructions. First, while it may be the case that middle-school texts contain more of 
these difficult syntactic constructions than everyday spoken language, the frequency of 
difficult syntactic constructions is still relatively low in written language, at least in 
Danish school texts. In a study of Danish fiction and non-fiction school texts aimed at 
third, fifth, eighth, and ninth grade, Hauerberg Olsen and Poulsen (2022) examined the 
frequency of passives, OVS constructions, and object-extracted relative clauses. On 
average, only 6% of sentences in school texts contained passives (ranging from 3% to 7% 
across text types), 8% of sentences contained OVS constructions (ranging from 3% to 
16%), and 7% of sentences contained object-extracted relative clauses (ranging from 3% 
to 15%). Out of all of the passives, only 19% were semantically irreversible. In these 
sentences the agent and the patient of the sentence could be identified based on general 
world knowledge, so the reader does not actually have to fully syntactically parse the 
construction to understand the sentence. Most of the OVS constructions were questions 
where the question word represented the object (Example 5.1) or direct or indirect speech 
followed by a signal phrase (Example 5.2). Although technically OVS structures, these 
two types of sentences are likely not very difficult for children to comprehend. This is the 
canonical way of structuring wh-word questions and one of the canonical ways of 
expressing reported speech in Danish.  

 
 

 (5.1) What did you say? 

 (5.2) Don’t do that, she yelled 

 

When these two sentence types were removed, only 1.3% of sentences in school texts 
contained OVS constructions, and only one of these constructions was semantically 
reversible. Finally, none of the object-extracted relative clauses were semantically 
reversible. Thus, while children do encounter passives, OVS constructions, and object-
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extracted relative clauses, these constructions are relatively rare, and more often than not, 
it is possible to identify the agent and the patient based on general world knowledge.  

An examination of the reading comprehension tests used in the studies in the present 
dissertation shows that the frequency of difficult syntactic constructions is roughly the 
same as the frequency in school texts reported by Hauerberg Olsen and Poulsen (2022). 
The studies in Articles 1 and 2 both make use of Text Reading Test 8 (Møller, 2015). An 
examination of this text reveals that out of 205 sentences (defined as period to period), 
37 sentences contain passives (18%), seven contain OVS constructions (6%), and three 
contain object-extracted relative clauses (1%). The study in Article 2 additionally used an 
adapted version of the Diagnostic Reading Assessment (DRA) (Crumpler & McCarty, 
2004; Daugaard et al., 2017) which was syntactically simpler. The DRA consisted of 52 
sentences (period to period), of which eight contained passives (15%), while there were 
no examples of OVS constructions or object-extracted relative clauses. The study 
presented in Article 4 used the Text Reading Test 5 (Møller, 2015), which consisted of 
100 sentences, 13 of which contained a passive, and one of which contained an OVS 
construction. There were no object-extracted relative clauses. Together, these results 
support the notion that it is not the knowledge of specific difficult syntactic constructions 
that drives the relationship between syntactic comprehension and reading comprehension 
in the present studies. In line with this, it seems unlikely that it is specifically the 
comprehension of these difficult syntactic structures that constitutes a bottleneck in 
children’s reading comprehension. 

A claim that is sometimes presented is that difficult constructions such as passives 
and object-extracted relative clauses are largely restricted to written language and that 
they are still quite new to children when they start to encounter them in written texts 
around middle school (Fang, 2006; Sorenson Duncan et al., 2021). However, this may 
not actually be the case. In a corpus of British and American English spontaneous 
conversation, approximately 2% of finite verbs were in the passive voice (Biber, 2021, p. 
475). While this is arguably relatively infrequent, considering how much spoken language 
children encounter on a daily basis from birth to middle school, they have likely 
encountered passives many times. The same is the case for Danish according to 
Laanemets (2013), who finds that 1.5% of finite clauses in Danish spontaneous 
conversation are passives. Object-extracted relative clauses may also not be as infrequent 
in spoken language as sometimes suggested. In the same British-American corpus as 
above, Biber (2021, p. 600) reports a frequency of relative clauses at 4,000 per million 
words. In other words, a relative clause occurs on average every 250 words. Biber does 
not report the frequency of specifically object-extracted relative clauses, but does report 
that 45% of relative clauses are non-subject-extracted, for example object-extracted 
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(Example 5.3), prepositional object-extracted (Example 5.4), or adverbial-extracted 
(Example 5.5). 

 
 

(5.3) The ice cream that I ate 

(5.4) The school that I went to 

(5.5) The year that I got my degree 

 

In Biber’s spoken language corpus, non-subject-extracted relative clauses occur on 
average every 556th word. Based on a corpus of spontaneous spoken Danish, Jensen 
(2003) reports a slightly higher frequency of relative clauses at 84 per 10,000 words, that 
is, on average one every 119 words, of which 53% are non-subject-extracted. This 
corresponds to one non-subject-extracted relative clause every 225 words. Finally, studies 
show that OVS constructions are in fact very frequent in Danish both in spontaneous 
adult-to-adult spoken language (constituting 13.2% of active transitive declarative 
clauses) (Thomsen & Kristensen, 2014) and in child-directed speech (constituting 29% 
of active transitive declarative clauses) (Boeg Thomsen & Poulsen, 2015).  

Thus, there are strong indications that English- and Danish-speaking children do 
not encounter passives and object-extracted relative clauses for the first time in written 
texts in middle school, and most children may master the comprehension of these 
structures completely by the time that they begin in middle school. This further supports 
the suggestion above that the fact that Poulsen and Gravgaard (2016) and Article 1 found 
that performance on difficult syntactic constructions is the better predictor of reading 
comprehension is simply because this measure has better psychometric properties.  

There are of course limitations to the arguments presented above. Importantly, even 
though middle school texts contain relatively few difficult constructions, it is still possible 
that difficulties comprehending these few sentences in each text is enough to disrupt the 
overall comprehension of a text. In order to investigate directly whether the relationship 
between syntactic comprehension and reading comprehension is driven by the 
comprehension of specific syntactic constructions, researchers would have to design a 
syntactic comprehension test where the comprehension accuracy of easy syntactic 
constructions and the comprehension accuracy of difficult syntactic constructions 
exhibited equally psychometrically good distributions. Another possibility would be to 
compare the whodunnit test used in Article 1 with the more difficult whodunnit test used 
in Sorenson Duncan et al. (2021) in the same sample to see if the comprehension score 



Chapter 5: General discussion  
 
 

132 
 

with the best distribution is always the best predictor of reading comprehension regardless 
of the type of syntactic constructions tested.  

In summary, the present dissertation takes the view that, based on the existing 
evidence, the most plausible mechanism behind the relationship between syntactic 
comprehension and reading comprehension is not the comprehension of specific difficult 
syntactic constructions. Instead, the dissertation argues that syntactic comprehension skill 
should be interpreted as a more general syntactic processing efficiency that is not tied to 
the comprehension of specific constructions. This is further discussed in the following 
section.  

 

5.2.2 General syntactic processing efficiency 
Based on the argumentation above, the present dissertation proposes that the relationship 
between syntactic comprehension and reading comprehension is not driven by the 
knowledge of specific difficult syntactic constructions, but rather by a general syntactic 
processing efficiency that is applied to all types of syntactic constructions. Following this 
view, some syntactic constructions may be more difficult to parse and comprehend than 
others (Dąbrowska & Street, 2006; Ferreira, 2003; Kristensen et al., 2014), but they all 
invoke the same syntactic comprehension skill. The dissertation proposes that it is fruitful 
to view syntactic comprehension in the perspective of the Competition Model of sentence 
comprehension (MacWhinney & Bates, 1989). In this model, comprehenders use all 
available cues to comprehend a sentence. This includes morphological, syntactic, lexical, 
and pragmatic cues, and expectations based on background knowledge (Bates & 
MacWhinney, 1981). In this view, syntactic comprehension, as it is defined in the present 
dissertation, only concerns a small part of sentence comprehension, namely the ability to 
use syntactic cues. However, in practice, the ability to use syntactic cues to comprehend 
sentences rarely exists in isolation, but almost always in combination with the use of other 
types of cues. This complexity may shed light on the possible mechanisms behind the 
relationship between syntactic comprehension and reading comprehension in the present 
dissertation.  

First, it is important to note, that while passives, OVS constructions and object-
extracted relative clauses are fairly rare in (Danish) middle school texts, middle school 
texts are often more syntactically complex than everyday spoken language in other ways, 
for example by containing long noun phrases and a high degree of subordination (Fang, 
2006; Snow & Uccelli, 2009). This type of syntactic complexity may increase the 
demands on syntactic comprehension efficiency because the reader simply has to deduce 
the meaning relations between more words at once.  

In addition to more complex syntax, middle school texts often contain difficult 
subject-specific vocabulary, and the subject matter itself may be more difficult. Viewing 
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syntactic comprehension in the light of the Competition Model like described above, can 
shed light on how these non-syntactic features of middle school texts may place higher 
demands on the ability to use to syntactic cues to comprehend sentences than everyday 
spoken language does. As described above, the Competition Model states that 
comprehenders rely on all available cues to comprehend a sentence, be it morphological, 
syntactic, lexical, pragmatic, or cues based on background knowledge. In some types of 
school texts, lexical cues and cues based on background knowledge may be less available 
to children, placing higher demands of the use of syntactic cues to arrive at the correct 
interpretation of a sentence. Specifically, one way in which middle school texts are 
difficult, especially expository texts, is that they often cover subjects that children have 
little prior knowledge about. Starting at around middle school, children are expected to 
read to learn, that is, to acquire knowledge from texts. As a consequence of this, texts are 
designed to convey information that is new to children, leaving children with fewer cues 
from background knowledge to support sentence comprehension. As a simplified 
example, consider the sentence in Example 5.6. 
 

(5.6) The cheese was eaten by the mouse 

 

In this example, background real-world knowledge presents strong cues as to the 
identification of the agent and the patient in the sentence. Middle school children will 
know that mice generally eat cheese and not vice versa. However, in Example 5.7, middle 
school children will likely have a lot less background knowledge to rely on and have to 
rely more on syntactic cues.  
 

(5.7) In 1815, the French army was defeated by the British 
and Prussian armies.  

 

Expository school texts may also contain subject-specific vocabulary that not all children 
are acquainted with, leaving children with fewer lexical cues from the meaning of 
individual words to guide sentence comprehension. Consider Example 5.8: 

 
(5.8) The Northern Cardinal will occasionally eat cicadas.  
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If children do not know that Northern Cardinal denotes a bird and that cicadas are a type 
of insect, the child has no available lexical cues as to who is eating what, forcing children 
to rely on syntactic cues to identify the agent and patient of the sentence.  

In summary, the present dissertation proposes that the role of syntactic 
comprehension in reading comprehension is not driven by the knowledge of specific 
complex syntactic constructions, but rather by a general syntactic processing efficiency, 
which applies to all syntactic constructions. Middle school texts may place higher 
demands on this syntactic processing efficiency directly due to generally more complex 
syntactic structure, but texts may also place high demands on syntactic comprehension 
indirectly when texts contain subject-specific vocabulary that children do not fully master 
or cover topics that children have little background knowledge on. This view of syntactic 
comprehension and the role of syntactic comprehension in reading comprehension 
implies that a child’s comprehension of specific syntactic constructions is fluid. In some 
circumstances, a child may easily understand, for example, an object-extracted relative 
clause, while in other circumstances the same child may have difficulties comprehending 
an object-extracted relative clause, depending on which cues are available to the child in 
a given situation.  

 

5.2.3 Syntactic comprehension in educational practice  
While intervention studies are needed to determine if improving children’s syntactic 
comprehension is an effective way of improving children’s reading comprehension, the 
results of the dissertation give indications of what effective instruction in syntactic 
comprehension might look like in regular classrooms. First, it is important to note that 
there is a small group of children with severe Developmental Language Disorder who 
may actually not master the comprehension of certain difficult syntactic constructions 
such as passives or ditransitive constructions and who would benefit from explicit 
instruction on these specific constructions (Ebbels, 2007; Ebbels et al., 2014). However, 
among the majority of middle school children, the dissertation argues that it is general 
syntactic processing efficiency that drives the relationship between syntactic 
comprehension and reading comprehension. This suggests that effective instruction in 
syntactic comprehension should not focus on specific constructions, but rather on 
knowledge of sentence structure that can be applied to most syntactic structures. This 
could, for example, be in the form of showing children how word order indicates which 
words group together in meaning, thereby helping children split sentences into 
meaningful chunks. Consider Example 5.9, which is a line from a sixth-grade textbook. 
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(5.9) A preservation method that minimized the number of 
harmful microbes in the food, kept it relatively tasty, 
and made it easy to store and transport was a need 
society had too, and canned food was an answer. 
(California HMH Science Dimensions, Grade 6, 
Houghton Mifflin Harcourt, 2020, p. 9) 

 

In this sentence, the teacher might make clear that the words “A preservation method that 
minimized the number of harmful microbes in the food, kept it relatively tasty, and made 
it easy to store and transport” constitute as single meaning unit. Thus, society “had a need 
for a preservation method that minimized the number of harmful microbes in food” and 
“had a need for a preservation method that kept the food relatively tasty” and so on. This 
type of explicit instruction on sentence structure may constitute another tool in children’s 
reading toolbox (alongside e.g. sounding words out or deducing the meaning of complex 
words based on the meaning of individual morphemes) that children can employ when 
they encounter sentences or passages that are difficult to comprehend. However 
ultimately, intervention studies must examine if syntactic comprehension instruction 
actually can lead to improved reading comprehension.  

 
 
5.3 Assessment of syntactic comprehension  
 
In addition to examining the dimensionality of syntactic comprehension and vocabulary 
and the role of syntactic comprehension in reading comprehension, part of this 
dissertation also takes a more methodological approach to syntactic comprehension by 
examining the influence of test format, and to a lesser degree item format, on syntactic 
comprehension assessment. Specifically, Articles 3 and 4 focused on syntactic 
comprehension assessment. Article 3 found that although the items in most syntactic 
comprehension tests are unnatural in that test sentences often contain several discursively 
new lexical noun phrases, the givenness of noun phrases did not seem to affect which 
individual differences the tests tap into, and only slightly affected the comprehension 
accuracy of specific constructions. Article 4 compared different test formats and found 
that the whodunnit test and the TROG-2 were better measures of syntactic comprehension 
than sentence repetition tests, which likely tap into a wider set of oral language skills. 
These differences between tests explain the majority of the differences between the results 
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of previous studies of syntactic comprehension and reading comprehension. Finally, in 
comparison with previous latent variable studies of syntactic comprehension, Article 2 
indicates that the choice of syntactic comprehension measures influences the results of 
studies of syntactic comprehension and reading comprehension, even in latent variable 
studies. The rest of this section will discuss the findings of the present dissertation with 
regards to the assessment of syntactic comprehension, focusing on two issues which have 
only been briefly reviewed in the articles: whether one should even attempt to construct 
ecologically valid syntactic comprehension tests and how to choose the types of syntactic 
constructions to include in syntactic comprehension tests.  

 

5.3.1 The unnaturalness of syntactic comprehension tests 
Article 3 raised the question of whether syntactic comprehension tests measure the 
syntactic comprehension children actually use and need when they read despite testing 
sentences that are quite unnatural. Article 3 stressed that it was not the point of the article 
to construct an ecologically valid syntactic comprehension test, but did not actually 
explain why not. As described in Article 3, children rarely have to read and understand 
sentences completely out of context. Furthermore, as argued in Section 5.2, children 
rarely only have syntactic cues to rely on when comprehending sentences. Generally, 
there will be a wide range of different types of cues that support the comprehension of a 
sentence, including morphological, syntactic, lexical, and contextual cues. Thus, a 
syntactic comprehension test that emulates the sentence comprehension tasks children 
need to perform in everyday life might look more like a passage comprehension test 
where questions probe the content of a target sentence, but where children are not forced 
to rely exclusively on syntactic cues to understand the sentence. However, in this type of 
test, vocabulary, morphological knowledge, syntactic comprehension, and higher-level 
language skills such as inferencing are confounded. Thus, if researchers want to isolate 
syntactic comprehension in order to be able to tease apart how different subskills 
contribute to reading comprehension, it is arguably not a possibility to use test sentences 
that more closely resemble naturally occurring sentences.  

 

5.3.2 Syntactic constructions in syntactic comprehension tests 
While the role of test format in syntactic comprehension tests played a large role in the 
dissertation, the type of syntactic constructions to test in syntactic comprehension tests 
has received relatively little attention. None of the studies in the dissertation have directly 
examined the role of the type of syntactic constructions in test sentences. However, the 
choice of syntactic constructions to test in syntactic comprehension tests is related to the 
theory presented in Section 5.2 that the same syntactic comprehension skill underlies the 
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comprehension of all syntactic constructions. If this theory is accurate, it is less important 
exactly which specific constructions are tested in syntactic comprehension tests as long 
as the tests minimize the influence of other language comprehension skills, such as 
vocabulary. Section 5.2 also proposed that children’s comprehension of specific syntactic 
constructions, such as object-extracted relatively clauses, is fluid. Under certain 
circumstances, a child may have difficulties comprehending an object-extracted relative 
clause, and under other circumstances, the same child may easily understand an object-
extracted relative clause. Indeed, an examination of previous comparisons of test format 
supports this idea. Frizelle et al. (2017) found that children on average scored 3.4 points 
(out of 28) less on a multiple-choice comprehension test (similar to the TROG-2) 
compared to a sentence repetition test, even when testing the exact same sentences. 
Article 3 showed that even small format differences may affect children’s comprehension 
accuracy (although only slightly), with children on average comprehending 1.5 (out of 
30) fewer difficult syntactic constructions when they were presented without context 
compared to when they were preceded by a context sentence. Finally, to the extent that 
the fifth-grade students in Poulsen and Gravgaard (2016) and Sorenson Duncan et al. 
(2021) are comparable, children have a substantially lower comprehension accuracy in 
the whodunnit test in Sorenson Duncan et al. (2021) than in Poulsen and Gravgaard 
(2016) even though they test the same type of syntactic constructions, perhaps because 
the test in Sorenson Duncan et al. (2021) is longer and the sentences are nonsensical. This 
suggests that researchers should choose the types of syntactic constructions that produce 
the psychometrically best distributions of scores in the chosen test format in the chosen 
age group. For example, in the whodunnit tests used in Article 1 and Poulsen and 
Gravgaard (2016), the difficult syntactic constructions showed the most normal 
distribution, while in the whodunnit in Sorenson Duncan et al. (2021) the comprehension 
of easy syntactic constructions exhibited the most normal distribution.  

 
 
5.4 Conclusion 
 
The present dissertation examined individual differences in syntactic comprehension 
among middle school children. Through four articles, the dissertation examined three 
related areas: The dimensionality of syntactic comprehension and vocabulary, the 
relationship between syntactic comprehension and reading comprehension, and the 
assessment of syntactic comprehension.  
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Overall, the dissertation found compelling evidence that syntactic comprehension 
and vocabulary constitute separate sources of individual differences in reading 
comprehension beyond individual differences in word decoding skill. This indicates that 
some middle school children have difficulties comprehending texts, not because they 
cannot decode the words or do not know the meaning of individual words, but because 
they have difficulties utilizing syntactic cues to combine the individual words in sentences 
into meaningful propositions. The dissertation replicated this result in three different 
samples at two different ages (fourth and sixth grade).  

In addition to the results concerning the relationship between syntactic 
comprehension, vocabulary, and reading comprehension, the dissertation found results 
concerning the assessment of syntactic comprehension that may inform future studies of 
individual differences in syntactic comprehension. The dissertation found that different 
syntactic comprehension tests may vary a great deal in what they measure, despite 
purporting to measure the same thing. Most importantly, sentence repetition tests may not 
be appropriate measures for isolating syntactic comprehension as they likely tap into a 
wider range of oral language skills. In line with this, the dissertation found indications 
that syntactic comprehension measures designed to isolate syntactic comprehension are 
preferable to standardized syntactic comprehension measures when conducting latent 
variable studies because standardized measures may tap into a wider range of 
comprehension skills and blur distinctions between syntactic comprehension and 
vocabulary.  

While the present dissertation has answered many questions concerning individual 
differences in syntactic comprehension, it has raised perhaps even more questions and 
issues which future studies might address. Important questions for future studies include 
unravelling the etiology of syntactic comprehension and vocabulary in middle school 
children (cf. Article 2), the role of the knowledge of specific syntactic constructions in 
reading comprehension (cf. Article 1 and Section 5.2), and a continuation of the research 
into the effect of test format on syntactic comprehension assessment (cf. Article 4). 
However, the arguably most important and obvious next step for research in individual 
differences in syntactic comprehension is for intervention studies to examine if and how 
we can support children’s reading comprehension through explicit instruction in syntactic 
comprehension. 
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