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ABSTRACT
The comprehension of connectives is crucial for understanding the discourse 
relations that make up a text. We studied connective comprehension in 
English to investigate whether adult comprehenders acquire the meaning 
and intended use of connectives to a similar extent and how connective 
features and individual differences impact connective comprehension. 
A coherence judgment study indicated that differences in how well people 
comprehend connectives depend on the lexical transparency but not on the 
frequency of the connective. Furthermore, individual variation between 
participants can be explained by their vocabulary size, nonverbal IQ, and 
cognitive reasoning style. Print exposure was not found to be relevant. These 
findings provide further insight into the factors that influence discourse 
processing and highlight the need to consider individual differences in 
discourse comprehension research as well as the need to examine a wider 
range of connectives in empirical studies of discourse markers.

Introduction

An important part of creating a coherent mental representation of a text is the construction of 
discourse relations (Hobbs, 1979; Sanders et al., 1992). Discourse relations are logical links between 
parts of the text, such as cause, contrast, or conjunction. They can be expressed explicitly using 
connectives such as because, whereas, and in addition. Connectives provide readers with “processing 
instructions” on how to relate incoming text input to previously read segments (Britton, 1994). There 
is a large body of research showing that comprehenders do indeed benefit from the information 
provided by connectives (see, e.g., Canestrelli et al., 2013; Cozijn et al., 2011; K¨ohne-Fuetterer et al.,  
2021; Xiang & Kuperberg, 2015). Readers tend to comprehend texts with connectives better (e.g., 
Kleijn et al., 2019; Millis & Just, 1994) and process the clauses following the connective faster (e.g., 
Sanders & Noordman, 2000; Van Silfhout et al., 2015).

Many of these studies have focused on relatively frequent or unambiguous connectives, such as 
therefore or although. However, the relationship between the connective and the relation sense is not 
always straightforward or easy to infer, in part because the connectives’ meanings are abstract and can 
be difficult to define (Crosson & Lesaux, 2013a). This raises the question of whether readers are able to 
accurately understand the meaning of connectives. Especially when connectives are infrequent, occur 
mainly in a specific domain, or have no information encoded in their lexical form (i.e., when they are 
not lexically transparent), it may be difficult for readers to infer their meaning. Recent work indicates 
that adult comprehenders do not perform at ceiling on connective comprehension tasks using French 
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connectives typical for the written domain (Tskhovrebova, Zufferey, & Gygax 2022; Zufferey & Gygax,  
2020a). These studies suggest that less frequent connectives are more difficult to comprehend, likely 
because comprehenders are not exposed to them enough to acquire their meaning and usage. 
However, these studies focused on four connectives, specifically selected for their diverging connective 
features (e.g., frequent versus infrequent; polyfunctional versus monofunctional). It is unclear whether 
these results generalize to other connectives, and what the influence is of lexical transparency on 
connective comprehension.

Further, it is likely that not all comprehenders are equally proficient at understanding connectives. 
Relevant factors that can play a role in comprehension include linguistic experience (increased 
exposure to language equals increased opportunity to acquire connectives) and general reasoning 
(higher reasoning skills facilitate understanding the high-level textual relations that connectives 
signal). Indeed, studies indicate that there is individual variation in connective comprehension. 
Zufferey and Gygax (2020b) report that print exposure (related to linguistic experience) can partly 
explain such differences, Tskhovrebova, Zufferey, & Gygax (2022) found in a connective cloze task 
that educational background also affects connective usage, and Tskhovrebova, Zufferey, and 
Tribushinina (2022) found that both print exposure and vocabulary size are relevant to connective 
usage. An open question is whether nonlinguistic factors, such as general reasoning abilities, also affect 
connective comprehension. The current study is the first to address this.

In this contribution, we study connective comprehension in English from two perspectives: we 
examine connective-internal factors, focusing on a novel connective feature, and we investigate 
reader-internal factors, including both linguistic and nonlinguistic individual difference measures. 
Specifically, we aim to investigate whether differences in the comprehension of the meaning and 
intended usage of connectives are dependent on frequency and lexical transparency and whether any 
individual variation between participants can be explained by participants’ linguistic experience and 
general reasoning skills.

In what follows, we first provide the context for why connectives can be considered a special class of 
vocabulary knowledge and discuss literature on the comprehension of connectives. We then discuss 
comprehender-internal factors that might influence connective comprehension.

Role of connectives in discourse

Connectives can be considered a special component of vocabulary, different from other types of 
vocabulary (Crosson & Lesaux, 2013b). This is because the meanings of connectives are procedural, 
abstract, difficult to define, and difficult to infer from context (Crosson & Lesaux, 2013a). Moreover, 
their meanings are inherently relational: Connectives express the logical relations between clauses and 
even across sentences. Connective comprehension thus taps into higher-level text processing.

A large body of research has demonstrated the facilitative effect of connectives on discourse 
processing and comprehension (see, e.g., Asr & Demberg, 2020; Blumenthal-Dram´e, 2021; 
Canestrelli et al., 2013; K¨ohne-Fuetterer et al., 2021; Kleijn et al., 2019; Millis & Just, 1994; Murray,  
1997; Van Silfhout et al., 2015; Xiang & Kuperberg, 2015; Xu et al., 2018). However, a lot of the work in 
this area has focused on a small set of frequent connectives and often considered connectives to be 
a class of words with equal difficulty. But connectives are not all equal; in fact, they vary significantly in 
various ways, such as frequency in various modes, complexity in terms of the relations that they can 
mark, and the number of relations they can express. The current study focuses on two specific features 
of connectives, namely their frequency in natural language and their lexical transparency.

English contains a large range of connectives (Das et al., 2020; Webber et al., 2019), but their 
frequency of occurrence in natural language differs dramatically. For example, connectives such as 
and, but, and because are quite common, tend to be acquired at an early age, and are understood well 
by most people. However, connectives such as moreover, conversely, and consequently are much less 
common. They tend to be restricted to the written domain, to which not all comprehenders are likely 
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exposed to a similar degree. These less frequent connectives could pose more comprehension difficulty 
to people who are not be exposed to them enough to acquire their meaning and usage.

Studies have shown that the frequency of connectives in natural language is a good predictor of 
connective comprehension. For example, Nippold et al. (1992) studied comprehension of 10 English 
adverbial connectives1 in subjects aged 12 to 23 years in a connective cloze task and sentence 
completion study and found that comprehension was higher for frequently used connectives. In 
a series of connective insertion and coherence judgment studies, Tskhovrebova, Zufferey, & Gygax 
(2022) and Zufferey and Gygax (2020a, 2020b) studied adolescents’ and adults’ comprehension of four 
French connectives. Similar to Nippold et al. (1992), the results consistently showed that frequent 
connectives were mastered better than less frequent ones. By contrast, Wetzel et al. (2020) did not find 
an effect of frequency in a study of the mastery of 12 French connectives in native French speakers and 
learners. They hypothesize that this might be because the connectives used in their study were not 
infrequent enough. It is therefore an open question to what extent the effect of frequency is general
izable to connective comprehension across the board. The current study will evaluate the effect of 
frequency on comprehension using a larger set of English connectives with various frequencies.

Another factor that likely affects how easily connectives are understood by comprehenders is lexical 
transparency, which refers to whether a word’s composite meaning is encoded in the lexical form of 
the word itself. Lexically transparent connectives are those for which the meaning can be determined 
from the components (words or parts of words). Consider the difference between as a result and thus. 
The relational meaning of as a result as a marker of a result relation is encoded explicitly in the lexical 
element result, and the connective is therefore lexically transparent. In thus, the result meaning is not 
encoded explicitly in the connective’s form, and so the connective is lexically opaque.

A body of literature has studied the lexical transparency of compound words (e.g., strawberry and 
blueberry; see Auch et al., 2020; Gu¨nther & Marelli, 2019, for an overview). These studies have shown 
that lexical transparency can influence the ease of processing of compound words (Gu¨nther & 
Marelli, 2019; Kim et al., 2019; Libben et al., 2003; Marelli & Luzzatti, 2012; Sandra, 1990; 
Zwitserlood, 1994; but see Juhasz, 2018; Pollatsek & Hy¨on¨a, 2005; Smolka & Libben, 2017). 
Although connectives differ from compound words in their degree of compositionality, we believe 
that the same principles and methodologies used in the compound transparency field can be extended 
to connectives. Wetzel et al. (2020), for example, hypothesize that lexical transparency is the reason for 
why their two-language participants could understand the French connective c’est pourquoi (“that’s 
why”). However, no study has systematically investigated the lexical transparency of connectives.

It should be noted that lexical transparency is not a black-and-white distinction but rather 
functions on a continuum (Auch et al., 2020). Consider nevertheless: It does not have the relational 
meaning of a concession relation explicitly encoded in its lexical form, but it is also not as opaque as 
thus, because the negation element never matches the adversative aspect of the concession relation. 
Determining the lexical transparency of connectives can therefore be a difficult, subjective task. In the 
current study, we draw on the literature studying the semantic transparency of compound words to 
obtain lexical transparency scores in a norming pretest.

Individual differences in connective comprehension

Comprehension of connectives is associated with various potentially influencing factors at the 
individual level. Previous studies have found variation in connective mastery related to age 
(Nippold et al., 1992), academic background (Tskhovrebova, Zufferey, & Gygax 2022; van Silfhout 
et al., 2015; Zufferey & Gygax, 2020b), reading proficiency (Van Silfhout et al., 2015), and linguistic 
experience (Tskhovrebova, Zufferey, & Gygax 2022; Tskhovrebova, Zufferey, and Tribushinina 2022; 
Zufferey & Gygax, 2020b). The current study further explores the influence of individual differences 
by also considering other potential sources of individual differences.

We focus on two linguistic experience-related factors (the individual’s general vocabulary knowl
edge base and print exposure) and two individual-internal factors (nonverbal IQ and cognitive 
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reasoning style), which relate to general reasoning skills. These components are of particular interest 
because of their established links to text comprehension (e.g., Swanson et al., 2006; Cipielewski & 
Stanovich, 1992; Mol & Bus, 2011; Scholz & Scheer, 2020). For example, Freed et al. (2017) studied 
which reader characteristics are central to text comprehension. They measured participants’ linguistic 
experience and general reasoning skills as well as decoding skills, fluency, working memory, inhibi
tion, and perceptual speed. Their results showed that linguistic experience and general reasoning were 
the only constructs to affect offline text comprehension; the other constructs did not account for 
additional variance.

Unlike general measures of text comprehension, the current measure of connective comprehension 
focuses on more fine-grained word-level knowledge that influences overall text comprehension. While 
prior work has shown that linguistic experience is related to connective comprehension, the current 
study is the first to also consider the link between general reasoning and connective comprehension. 
By looking at both of these factors, we are able to specify the cognitive and linguistic processes that 
underlie comprehension.

Linguistic experience
Linguistic experience comprises exposure to both spoken and written language. Relating to 
connective comprehension, two specific constructs that are part of linguistic experience are 
likely to affect connective comprehension. First, we consider vocabulary knowledge: It is likely 
that a person who has acquired a larger number of words also has a greater probability of 
acquiring more connectives. We use P. Nation and Beglar (2007)’s Vocabulary Size Test (VST) 
as a measure of vocabulary knowledge. This test is based on word frequencies in spoken 
vocabulary.

However, there are two reasons for why vocabulary knowledge might not be the strongest 
predictor of connective comprehension. First, connectives form a specific component of vocabu
lary knowledge: knowledge of connectives was found to be a significant predictor of reading 
comprehension, above and beyond breadth of vocabulary knowledge (Crosson & Lesaux, 2013b). 
Although vocabulary knowledge and connective knowledge might be correlated, they do not 
necessarily depend on each other directly. Second, general word knowledge is influenced by 
spoken as well as written language input, whereas many connectives are restricted to the written 
domain. It is therefore possible that a measure specifically targeting written language experience 
would be a stronger predictor.

To study experience with written language specifically, we include a test for print exposure (i.e., the 
amount of written text people have been exposed to). Print exposure has often been used as an 
approximate for linguistic experience. For example, various studies have shown that print exposure 
can account for differences in reading comprehension (e.g., Cipielewski & Stanovich, 1992; Mol & Bus,  
2011). With respect to discourse marking, Wetzel et al. (2020) and Zufferey and Gygax (2020b) have 
shown that print exposure can predict connective comprehension. Scholman et al. (2020) found that 
print exposure can explain variability in comprehenders’ sensitivity to alternative signals of discourse 
relations.

Similar to the studies discussed above, we measure print exposure using the Author Recognition 
Test (ART, Acheson et al., 2008; Stanovich & West, 1989). For this test, participants are presented with 
a list of author and nonauthor names and asked to indicate which names they recognize to be authors. 
The test has been found to be a strong predictor of reading skill, likely because author knowledge is 
often acquired through reading or other forms of print exposure.

Previous work has found that print exposure is correlated to general vocabulary knowledge (e.g., 
Cunningham & Stanovich, 1991; Martin-Chang & Gould, 2008; Vermeiren et al., 2023). However, 
given that the ART targets exposure to written language whereas the VST measures vocabulary 
knowledge based on spoken data, their respective contributions to connective comprehension may 
differ.
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General reasoning
Compared to linguistic experience, the link between general reasoning and connective comprehension 
is less well established. This construct is nevertheless interesting to examine because it allows us to 
tease apart the effect of intelligence from linguistic processing skills. General reasoning involves the 
ability to reason and think flexibly and underlies people’s capability to acquire knowledge and solve 
problems. It affects the ability to detect and establish meaningful relations between objects, ideas, or 
situations in general, also known as relational reasoning skills (see Holyoak, 2013). These skills are 
known to vary between individuals, depending on a person’s age, domain knowledge, and familiarity 
with the reasoning context (Alexander et al., 2016).

In dual process theories of information processing, reasoning is characterized by two processing 
modes, which respond to information in different ways (Evans, 2011; Evans & Stanovich, 2013; 
Frankish, 2010; Thompson, 2009). A first, intuitive type of thinking (commonly referred to as 
System 1) triggers fast, automatic processing based on heuristics and intuitions, whereas a second, 
more deliberate type (System 2) demands more controlled utilization of limited executive resources. 
Dual process theories assume that people by default engage in System 1 thinking (cf. the Good-Enough 
Processing Theory, Ferreira et al., 2002; Ferreira & Patson, 2007). Because System 2 thinking is 
resource demanding, the extent to which an individual engages in controlled, analytical operations 
will depend on their cognitive capacities. Indeed, previous studies have shown that individual 
differences in cognitive abilities are related to performance on tasks that rely on System 2 abilities 
(e.g., see Barrett et al., 2004; Feeney, 2007; Stanovich, 1999; Stanovich & West, 2008).

System 2 is particularly relevant for complex relational reasoning tasks. Analytical reasoning 
involves deliberate thinking, rule-based processing, and logical deductions. When faced with relational 
reasoning problems that require integration of multiple arguments, people are more likely to engage 
a more deliberate processing style. System 2 can analyze and manipulate relational structures, detect 
patterns, and draw logical inferences to arrive at accurate interpretations. Following from dual process 
theories, one might therefore expect that comprehenders who are more prone to engage in deliberate 
and analytical thinking might show better comprehension of connectives, since these require proces
sing of the relational arguments and their integration with the procedural meaning that the connective 
expresses.

No work has studied the link between general reasoning and connective comprehension, but prior 
work has shown a link between general reasoning and general language comprehension. Most studies 
in this area have focused on children and low-literacy adults (e.g., Swanson et al., 2006; Scholz & 
Scheer, 2020; Tiu et al., 2003). An exception to this is the aforementioned study conducted by Freed 
et al. (2017), who found that general reasoning was the only construct, besides linguistic experience, to 
affect offline comprehension of texts in proficient adults. In their study, they included the Raven’s 
Progressive Matrices Test (RPMT) as a measure of general reasoning ability.

We here measure general reasoning using two constructs. The first construct related to general 
reasoning that we consider is nonverbal, or fluid, IQ, which can be seen as relating to the capacity 
a comprehender has to successfully carry out System 2 processing. Nonverbal IQ corresponds to the 
ability to think abstractly, reason quickly, and solve problems independent of any previously acquired 
knowledge. To measure nonverbal IQ, we use a shortened version of RPMT (Bilker et al., 2012; Raven 
& Court, 1938). The test consists of a series of puzzles for which a part is missing. Participants are 
asked to choose the missing part out of six to eight options. The test therefore inherently includes 
a relational component: Comprehenders need to detect the relationship between the various pieces of 
the puzzle to understand which piece is missing. If it is indeed the case connective comprehension 
requires the ability to infer relations and generate inferences, the RPMT should be a robust predictor 
of individual differences in connective comprehension.

The second construct related to general reasoning is cognitive reasoning style, which can be 
seen as the mere willingness to engage System 2 processing. This reflects the way individuals think, 
perceive information, and engage in deeper reflection. We measured cognitive reasoning style 
using the Cognitive Reflection Test (CRT, Frederick, 2005). This test consists of questions that 
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have an obvious, intuitive answer that springs to mind but is in fact incorrect. To answer correctly, 
participants must inhibit the tendency to respond with the incorrect answer and think more 
analytically. The CRT is argued to be related to various constructs, such as cognitive capacity, 
inhibitory control, and cognitive style (Frederick, 2005), but recent work indicates that it is 
primarily a cognitive measure, strongly linked to intelligence (Otero et al., 2022; Welsh, 2022). 
We expect readers with higher cognitive reflection skills to evaluate connective usage in our task 
more critically and therefore to show higher connective comprehension abilities. Such an effect 
should show specifically for incoherent items, where the connective does not match the relation 
sense expressed by the relational arguments, since critical evaluation is needed to be able to 
perform well on these items.

Current study

The current study investigates what factors influence connective comprehension in adults, focusing 
on connective-internal factors and comprehender-internal factors. Our research questions are as 
follows: To what extent can connective frequency and lexical transparency explain how well adults 
can comprehend connectives? And to what extent do linguistic experience and general reasoning skills 
influence connective comprehension in adults? We examine the influence of each subconstruct 
within linguistic experience (frequency and lexical transparency) and general reasoning (nonverbal 
IQ and cognitive reasoning style) on connective comprehension to determine their respective 
contributions.

No prior work has studied the lexical transparency of connectives. We therefore conducted 
a norming pretest to obtain lexical transparency estimates. The norming pretest design draws from 
the literature of the semantic transparency of compound words (e.g., strawberry versus blueberry) by 
asking participants to rate how predictable the meaning of a word is based on the word’s components 
to obtain transparency estimates (see, e.g., Auch et al., 2020; Gagné et al., 2019). Frequency estimates 
were obtained using the Corpus of Contemporary American English (COCA, Davies, 2008), which 
comprises different spoken and written subcorpora.

Connective comprehension will be measured through a coherence judgment task. We include 
a broader range of connectives compared to previous studies using adult participants (Nippold et al.,  
1992; Tskhovrebova, Zufferey, & Gygax 2022; Zufferey & Gygax, 2020a, 2020b). These prior studies 
have investigated 4 French and 10 English connectives2 that were selected for their dichotomous 
values on frequency and ambiguity parameters; we here included 20 connectives that vary in 
frequency.

Each connective was presented twice to participants: once in a coherent connective-relation 
mapping and once in an incoherent connective-relation mapping. This was done to test whether 
participants are able to accept correct uses and reject incorrect uses. If comprehenders are less familiar 
with the exact meaning of a connective, their comprehension of correct and incorrect usages could go 
in two directions. On the one hand, a participant might be likely to accept an unknown connective’s 
usage in any context, giving a relatively high rating in the coherent condition, but also in the 
incoherent condition. This would mean that they would score lower in the incoherent condition but 
still perform well in the coherent condition. Alternatively, a participant might not give high ratings to 
pairings at all when they are unsure of the connective’s meaning. In this case, they would show poorer 
performance in the coherent condition specifically. Hence, it is possible that the effect of “not 
comprehending” only shows up in one of the two conditions. Therefore, we take into account that 
condition might interact with frequency and lexical transparency, which can influence how difficult or 
comprehensible a connective is to a language user.

The rating strategies that participants can take might also relate to individual differences: If 
participants with lower general reasoning skills or less linguistic experience have more difficulty 
with comprehending certain connectives, this might only show up in one particular condition. We 
therefore take into account the interaction between the individual differences measures and condition. 
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We specifically expect an interaction between condition and CRT: participants with better CRT skills 
are expected to be better at evaluating the incorrect usage of connectives than participants with poorer 
CRT skills, since high CRT participants might be more critical of coherence pairings and thus more 
sensitive to a mismatch. Given that RPMT also measures general reasoning skills, we also expect 
a similar interaction between condition and RPMT. We are agnostic with respect to condition-specific 
effects for linguistic experience: the effect might show up in either of the two conditions (i.e., 
interaction) or both (i.e., main effect).

Methods

This section details the various tests and measures that were included as well as the analysis procedure. 
All materials, data, and code are available in an online repository.3

Participants

A total of 239 native English speakers (age range 18–69 years; mean age 31 years; 171 women), 
registered as participants on Prolific, took part in this study. Data from an additional 30 participants 
were excluded due to low quality, as detailed in below. All participants were born in the United States 
and were currently living there. Participants from varied educational backgrounds were recruited to 
ensure heterogeneity in the participant sample: 79 participants had completed postsecondary-level 
education (an undergraduate degree or higher), 84 participants had completed high school and were 
students, 76 participants had completed high school or had no formal qualifications and were not 
students. Participants took part in all tests in one session. Total study duration was 40 minutes on 
average and participants were reimbursed £5.50.

Materials

Twenty connectives were included in this study. These connectives all connect two main clauses and 
express a variety of relation types, such as causal, additive, temporal and adversative, contrast, 
similarity, precedence, and arg2-as-detail. The connectives were perceived as relatively difficult by 
the authors and in a difficulty norming study.

For each connective, a coherent relation (see Example 1) and incoherent relation (Example 2) was 
created for the coherent judgment test. All items consisted of two clauses each and presented neutral 
content, so that background knowledge was not needed to be able to construct the coherence relations. 
They were based in part on French items created by Wetzel et al. (2020). Items were pretested in 
a connective insertion test to ensure that they clearly conveyed the intended relation sense.

(1) Coherent pairing: Lucy is feeling tired. Even so, she is going to a party.
(2) Incoherent pairing: Fran put on her shoes. Even so, she tied her shoelaces.

Participants completed two steps for every item. In the first step, participants saw the two relational 
arguments without a connective and were asked to provide a connective. This step was meant to 
encourage participants to infer the intended meaning of the relation based on the two relational 
arguments (i.e., to mitigate the effect of accommodation). In the second step, participants were 
presented with the same item but with a connective present and were asked to rate on a scale of 1 
to 5 “how well does this linking word fit the sentence?” Four relatively easy filler connectives were 
included (before, by contrast, like, and specifically); two occurred three times in the incoherent 
condition, and two occurred three times in the coherent condition.
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Individual difference tests

Participants took part in four individual tests as well as the coherence judgment test in one session in 
the following order: CRT, ART, the coherence judgment test, RPMT, and VST.

Author recognition test
An automated version of the ART (Acheson et al., 2008) was used as a measure of print exposure. 
Participants were presented with a list of 130 potential authors names; 65 were real author names from 
Acheson et al. (2008) and 65 were foils (nonauthor names) from Martin-Chang and Gould (2008).

The names were presented one at a time in alphabetical order by last name. Participants were given 
10 seconds to decide whether a name was an author name. They were instructed not to guess and only 
select names that they were absolutely certain to be author names, since their score would be penalized 
for falsely identifying foils as authors.

Print-exposure scores were calculated by subtracting the total number of foils that were falsely 
identified from the total number of authors that were correctly identified. Participants who selected 
more than 50% of the foils or participants who timed-out on more than 33% of all trials were excluded 
from the ART analysis.4

Vocabulary size test
Receptive vocabulary was tested using a shortened version of the 2,000-word-family VST (adapted 
from P. Nation & Beglar, 2007). The original test systematically samples 20 word frequency levels 
established using data from the spoken part of the British National Corpus (BNC Consortium, 2007) 
and the COCA (Davies, 2008). Each frequency level comprises the 1,000 most frequent “word families” 
in ascending order of difficulty. The full test contains 5 items for each vocabulary level and 100 items 
in total. Since participants in this study had to complete four other tasks, the test was abridged to avoid 
fatigue. Levels 1 to 4, which contain the most frequent words (e.g., time, circle), were omitted, as well as 
levels 19 and 20, which contain the most difficult words (e.g., casuist, sylvan). The abridged version 
contained 70 items.

Each test word was presented in a short nondefining context and followed by 4 definitions; the 
participant’s task was to choose the best definition for the target word. The participants’ scores 
corresponded to the number of correctly answered items.

Raven’s progressive matrices test
A 12-item version of RPMT (adapted from Bilker et al., 2012) was included as a measure of 
participants’ nonverbal intelligence. Bilker et al. (2012) found that the score on their abbreviated 
test of nine items correlated almost perfectly with the full-length Standard Progressive Matrices Test. 
We used Bilker et al. (2012)’s nine-item version and expanded it with two additional “easy” items from 
the Standard Progressive Matrices Test (one from level A and one from B) and the final item from the 
Advanced Progressive Matrices Test, to account for possible floor and ceiling effects, respectively.5

The test consisted of a series of images with a pattern for which a part is missing. Participants were 
asked to choose the missing part out of six to eight answer options. The task increased in difficulty 
level. The participants saw a timer on their screen. They were told that their time was not limited but 
that the task should take about 5 minutes and that they should avoid thinking too long. The score 
corresponded to the number of correctly solved items.

Cognitive reflection test
A 10-item version of the CRT (based on Frederick, 2005) was included as a measure of their cognitive 
processing skills. The test contained six critical questions—three verbal and three involving numeracy 
—for which there was an “obvious” or intuitive answer which was incorrect. The test also contained 
four nontrick decoy questions to prevent the participants from expecting to be tricked every time.
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Since CRT is known to be affected by familiarity (Woike, 2019), we used an updated CRT version. 
Our version consisted of questions from previously proposed versions of CRT (Baron et al., 2015; 
Primi et al., 2016; Sirota & Juanchich, 2018; Thomson & Oppenheimer, 2016; Toplak et al., 2014). For 
each question, participants were asked to indicate if they had seen this question before (13% of 
observations were affected; 7 participants had seen more than two questions before).

The score corresponds to the proportion of correctly answered questions. If the participants reported 
having seen one or two of the critical questions before, we removed their answers to those questions from 
consideration and computed an adjusted score out of five or four questions, respectively. Participants 
who had seen three or more critical questions before were excluded from analysis for this test based on 
the assumption that three out of six questions is not enough to reliably estimate the CRT score.

Connective measures

The current study tests the influence of a connective’s frequency and lexical transparency on 
comprehension. This subsection explains how these estimates were obtained.

Connective frequency estimates
Some connectives in our study can also occur in a nonconnective usage (e.g., for as a preposition rather 
than a causal connective). Raw frequency measures therefore likely do not reflect their true usage.6 We 
therefore estimated a connective’s frequency based on their occurrence in the COCA (Davies, 2008), 
which is a 1.1 billion word corpus of American English and comprises different spoken and written 
subcorpora.

We randomly extracted 50 occurrences of each connectives and counted the proportion of con
nective usages. If any of these 50 instances were nonconnective usages, we annotated another 150 
instances of the connective for discourse relation usage (this was done for accordingly, even so, for, 
given that, hence, indeed, and in fact). We then calculated the proportion of connective usage per 
connective and used these proportions to estimate number of occurrences per million words in the 
COCA accordingly. Log-transformed frequency per million words was used as the variable of 
frequency in the analyses.

Table 1 provides the frequency estimates per connective. The mean frequency estimate for all 
connectives was 23 occurrences per million words (min = 2, max = 127).

Lexical transparency estimates
To obtain lexical transparency estimates of the included connectives, we conducted a pretest in which 
52 native English speakers (age range 20–73; mean age 34; 28 women) from Prolific took part. The 
average study duration was 6 minutes, and participants were reimbursed £1.50. We recruited parti
cipants from varied academic backgrounds because readers likely vary in their familiarity with the 

Table 1. Comprehension score per connective, including transparency and frequency per million words. Mean: average transformed 
coherence judgment score per connective.

Connective Mean Trans. Freq. Connective Mean Trans. Freq.

as if 4.72 87 127 for 4.26 66 18
given that 4.67 82 13 notably 4.21 65 3
as though 4.62 81 29 consequently 4.05 85 8
on the contrary 4.57 83 4 conversely 4.03 61 4
hence 4.48 66 8 albeit 3.93 36 8
indeed 4.46 60 43 furthermore 3.87 73 21
accordingly 4.43 75 4 thereafter 3.80 74 7
even so 4.43 74 7 subsequently 3.72 64 2
nonetheless 4.42 63 18 moreover 3.59 63 29
in fact 4.40 88 89
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components of the connectives (e.g., the component “subsequent” in subsequently), which is an 
important aspect of the connective’s lexical transparency.

Participants were presented with the connectives one at a time. For each connective they also 
saw the components that make up the connective, a definition of the connective, and an example 
sentence containing the connective. The components were included to highlight the relevant parts 
of the words. Participants were asked to rate the predictability of the meaning of the connective 
based on its components (“predictability” rather than “transparency” was chosen, cf., Gagné et al.,  
2016, 2019; Libben et al., 2003) using a scale ranging from 0 to 100. They were instructed that 0 
indicates that the meaning of the connective is not predictable at all from the connective itself and 
that 100 indicates that the meaning of the connective is very predictable from the connective itself.

We conducted a split-half reliability assessment for the transparency ratings. The Spearman-Brown 
corrected split-half reliability was high: r = .82. We used the raw ratings provided by the participants to 
calculate median lexical transparency estimates per connective, which are provided in Table 1. The median 
transparency rating for all connectives was 69 of 100 (mean of all median ratings = 70.6, min = 37, max = 88). 
A boxplot showing the distribution of the ratings per connective is presented in the Appendix. Note that the 
transparency and frequency scores were not correlated significantly with each other (r = .29, p = .22).

Analysis procedure

Data exclusion
Crowd-sourced participants have been used successfully in a variety of discourse-related tasks, 
including coherence judgment studies (e.g., Asr & Demberg, 2020; Zufferey & Gygax, 2020b) as well 
as individual difference tests (e.g., Crump et al., 2013; Scholman et al., 2020; Zufferey & Gygax, 2020b). 
The main concern with using these types of paradigms is that participants are more likely to not take 
part seriously (i.e., providing random answers or cheating in another way) in an uncontrolled setting 
like in crowd-sourcing compared to a lab-based setting. This is especially likely to occur in tasks that 
make it easy to provide random answers, such as with the ART task, in comparison to tasks which 
require written responses. To control for this, we implemented quality checks for the ART used in this 
study, as elaborated on in the ART description. We also excluded data for the CRT based on 
participants’ prior exposure to this test, as elaborated on in the CRT description. We here describe 
the exclusions that resulted from these checks.

Data from 30 participants were removed to ensure data quality. Of these 30 participants, 8 
participants were excluded because they selected more than 50% of the foils on the ART (3% of all 
ART submissions). Fifteen participants were excluded because they timed out on more than 33% of all 
trials on the ART (5.6% of all ART submissions). Finally, data from seven participants were excluded 
because they indicated they had seen more than two CRT questions before (2.6% of all CRT 
submissions). All data from these participants were excluded from the analyses.

We furthermore removed observations for one connective (insofar as) from the coherence judgment 
test because the item was paired with an incorrect connective in the coherent condition; the arguments 
of the item elicited a result inference, whereas the connective expressed a reason relation. The remaining 
dataset contained 9,082 experimental observations (239 participants × 19 connectives × 2 conditions).7

Data analysis
To answer the question of how frequency, lexical transparency, and the four individual difference 
measures affect connective comprehension, we studied the influence of these factors on participants’ 
performance on the connective comprehension task. In parity with a prior connective comprehension 
study (Zufferey & Gygax, 2020b), the response variable used in the analyses was the Likert responses 
(scale of 1–5), with scores on the incoherent condition inverted such that a score of 5 always reflects 
accurate recognition of either a coherent or incoherent pairing.8 The fixed effect of condition was 
deviation-coded (−.5 = coherent; .5 = incoherent), frequency was log-transformed and centered, and 
the fixed effects of lexical transparency and IDs were centered.
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Results were modeled using ordinal mixed-effect regression models. Ordered logit models were 
created with the ordinal::clmm function and evaluated using the lme4 package within the statistical 
software R (Bates, 2023; Christensen, 2019; R Development Core Team, 2008). Models were fit with 
flexible, nonequidistant thresholds. We used a step-down approach to model selection, starting with 
the fixed effects for condition, connective features (frequency and transparency) and individual 
differences (ART, VST, RPMT, and CRT). The full model also contained interactions between 
condition and fixed effects of the connective features as well as between condition and CRT to test 
whether effects of the connective and CRT skills are modulated by the coherent or incoherent usage of 
the connective in its context. In case of interactions between fixed effects in the final model, we 
interpret the direction of the interaction using model estimates. Upon selection of the final model, we 
added maximal random effect structures (Barr et al., 2013); the final converging maximal random 
effect structure is reported together with the model.

Results

Table 1 presents the inversed Likert ratings per connective (averaged over condition); higher ratings 
indicate that comprehenders more accurately rated the coherence of the connective-relation pairing. 
The results show that as if yields the highest performance, followed by as though and given that. 
Moreover yielded poorest performance, followed by subsequently and thereafter.

In what follows, we first provide descriptive statistics relating to the individual difference measures. 
Next, we present the analyses regarding the effects of connective features and individual reader 
characteristics on the comprehension scores.

Individual difference measures: descriptive statistics

Table 2 presents the descriptive statistics and reliability estimates for each test. Reliability was 
estimated using the split-half correlation (odd items versus even items), corrected for length with 
the Spearman-Brown formula; Cronbach’s alpha is also reported. The estimates show good reliability 
for all tests (r > .7), with the exception of the CRT (r = .67), which shows reliability estimates 
comparable to what was previously found in the literature (Stieger & Reips, 2016).9

Table 3 presents the correlations among the individual difference measures and the connective 
comprehension score. As expected, ART and VST, both measures of linguistic experience, strongly 
correlate with each other. The correlation between RPMT and CRT is also moderate and in line with 

Table 2. Descriptive statistics for the included tests. Kurt.: kurtosis; Rel.: Spearman-Brown corrected split-half reliability; α: Cronbach’s 
alpha.

Test Possible Observed Mean Median SD Skew Kurt. Rel. α

range range
ART 0–65 0–60 19.70 18.00 11.70 0.96 3.95 .91 .89
VST 0–1 0.19–1 0.74 0.74 0.11 −1.09 6.38 .86 .86
RPMT 0–12 2–12 7.72 8.00 2.15 −0.43 2.68 .72 .70
CRT 0–1 0–1 0.31 0.20 0.25 0.76 2.92 .67 .61
Connective comp. 1–5 2.92–4.89 4.25 4.34 0.44 −0.94 3.31 .90 .86

Table 3. Pearson’s correlations for individual difference measures and the connective 
comprehension score, corrected for multiple comparisons. *Correlation significant at 
the p < .01 level.

ART VST RPMT CRT

VST .61* −
RPMT .21* .44* −
CRT .29* .33* .37* −
Connective comp. .34* .64* .43* .23*
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previous results (e.g., Meyer et al., 2018; Primi et al., 2016). We further note that performance on the 
connective comprehension test is correlated with the VST and RPMT, indicating that participants who 
score higher on these tests also tend to score higher on the connective comprehension test.

Performance on the coherence judgment task

To evaluate the validity of the ratings provided in the second step of the task, we also considered 
insertions in the first step, for which participants were asked to freely insert a connective to express the 
logical relation between the two clauses. Specifically, we assessed whether participants did not infer the 
relation expressed by the coherent connective or erroneously inferred the relation expressed by the 
incoherent connective.10 This procedure revealed that for 92% of the data, the inferred relation in Step 
1 matched Step 2ʹs connective sense in the coherent and mismatched the connective sense in the 
incoherent condition. Note that repeating the analysis below with this subset of the data shows 
qualitatively similar results.

As expected, participants assigned lower Likert ratings to connectives that occurred in incoherent 
pairings (average rating of 1.80 on a scale of 1–5) compared to those that occurred in coherent pairings 
(average rating of 4.27). In the remainder of the analyses, we use only the inverted ratings as the 
response variable. This inverted score shows that there was little difference in how accurately readers 
can recognize coherent versus incoherent usage of connectives: items in the coherent condition 
received a mean score of 4.27, whereas items in the incoherent condition received a mean score of 4.20.

Table 2 shows that there is variability between participants in their performance on the coherence 
judgment test, with the top scoring participant achieving a mean score of 4.9 (out of 5) and the lowest 
scoring participant obtaining a mean score of 2.9. Likewise, there was strong variability in the 
comprehension of connectives as shown in Table 1.

The main question in the current study is whether such variability in connective comprehension 
can be explained by connective factors and individual reader characteristics. To explore this, we 
modeled the transformed response variable in an ordinal mixed-effect regression model. The full and 
final models are presented in Table 4.11 We first discuss results regarding the connective factors and 
then focus on the results regarding the individual differences.

Connective-internal factors influencing connective comprehension
Table 4 shows an interaction between condition and transparency. This effect is visualized in Figure 1: 
In the coherent condition, connectives with higher transparency scores are more likely to receive 
higher judgments than connectives with lower transparency scores, as indicated by the lighter colors 
being more dominant when the transparency estimate increases. In contrast, Figure 1 shows 
a negligible effect of transparency in the incoherent condition. Frequency was not included in the 
final model as it did not significantly improve model fit.

Comprehender-internal factors influencing connective comprehension
In relation to the linguistic experience subconstructs, the final model showed a significant main effect 
of VST: Participants with higher vocabulary size also perform better on the connective comprehension 
test. The effect of ART was not significant when VST was included in the model.

In relation to the general reasoning subconstructs, the final model showed a significant main 
effect of RPMT: Participants with a higher score on the IQ test also perform better on the 
connective comprehension test. The main effect of CRT was not significant, but the results did 
show an interaction between CRT and condition, indicating that the effect of CRT is different in 
the two conditions. The model estimates of the interaction effect of CRT and condition are 
visualized in Figure 1. In the coherent condition, the lighter colors are less dominant as CRT 
increases. This means that participants with higher CRT scores were more likely to give these 
coherent item-connective pairings lower ratings than participants with lower CRT scores. By 
contrast, in the incoherent condition, the lighter colors are more dominant as CRT increases. 
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Note that we analyze the transformed scores here, with higher ratings in the incoherent condition 
reflecting lower raw Likert ratings. Hence, the interaction between CRT and condition seems to be 
driven by the fact that participant with higher CRT scores tend to give lower ratings in general. 
Indeed, an analysis using the raw (non-inverted) scores shows a main negative effect of CRT 
(β = −0.48, SE = 0.23, z = −2.05, p = .04). This is addressed further in the discussion.

Discussion

We set out to investigate what factors influence connective comprehension. Specifically, we 
studied whether differences in how well people understand the meaning and intended usage of 
connectives are dependent on frequency and lexical transparency, and whether any individual 
variation between participants can be explained by participants’ print exposure, vocabulary size, 
nonverbal IQ, and cognitive processing style. The results showed that people do in fact differ in 
how well they understand the meaning and intended usage of English connectives and that this 

Table 4. Regression coefficients and test statistics from the full and final ordinal mixed-effects model.

Full model Final model

β SE z p β SE z p

Fixed effects
Condition −0.10 0.26 −0.37 .71 −0.10 0.26 −0.37 .71
Lexical transparency 1.43 0.70 2.05 .04 1.39 0.48 2.88 <.005
Frequency 0.87 0.61 1.44 .15
ART 0.10 0.38 0.27 .79
VST 4.21 0.58 7.25 <.001 4.40 0.60 7.29 <.001
RPMT 0.74 0.31 2.36 .02 0.75 0.34 2.22 .03
CRT −0.15 0.25 −0.60 .55 −0.12 0.27 −0.46 .64
Condition: Lexical transp. −2.96 1.04 −2.86 <.01 −2.94 0.99 −2.97 <.001
Condition: Frequency 0.69 0.90 0.76 .45
Condition: ART 0.41 0.77 0.54 .59
Condition: VST −0.14 1.16 −0.12 .90
Condition: RPMT 0.51 0.63 0.81 .42
Condition: CRT 0.80 0.51 1.56 .12 1.10 0.47 2.35 .02
Random effects
σ2 3.29 3.29
τ00 ID .64 .69
τ00 Class .46 .58
ICC .38 .42
Observations 9,082 9,082
Marg. R2 /Cond. R2 = .130/.459 .112/.483

Figure 1. Effect display for the interaction effects between condition and lexical transparency (left) and condition and CRT (right) in 
the final model.
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ability is dependent on the connectives’ lexical transparency as well as the comprehenders’ 
linguistic experience and general reasoning skills.

Connective-internal features

The results showed that not all connectives are understood to the same extent, with moreover being the 
poorest-scoring connective and as if being the best-scoring connective. Connective comprehension 
can in part be explained by one specific connective-internal factor: more transparent connectives yield 
better performance in the coherent condition. This indicates that when readers infer the intended 
discourse relation sense for two segments, they then use this information to confirm this reading. 
However, for incoherent connective-relation pairings, readers do not use the information provided by 
the connectives to evaluate the pairing as incoherent. Rather, they reinterpret the relation to accom
modate the connective. Consider the following example: Jack had his passport photo taken. . . . he 
applied for a new passport. Typically, people don’t get a new passport because they had their photo 
taken; instead, people get their photo taken because they are getting a new passport. Indeed, when 
looking at the insertions in Step 1 for this particular item, it seems that most participants inferred 
a reason relation when presented with only the relational arguments (only 9% of participants 
incorrectly inferred a result relation in Step 1). However, when presented with the same item including 
the result connective consequently, many participants rated it rather coherent. Hence, participants 
accommodated the connective despite arriving at a different interpretation in the absence of 
a connective, which suggests that people are very reliant on the information provided by the 
connective.

We also tested for the influence of connective frequency on connective comprehension, but 
the results showed no effect of frequency. This converges with Wetzel et al. (2020), who also did 
not find an effect of frequency. However, it contradicts findings from previous studies (e.g., 
Nippold et al., 1992; Tskhovrebova, Zufferey, & Gygax 2022; Zufferey & Gygax, 2020a, 2020b). 
One possible factor explaining this is that the prior studies that found an effect of frequency 
selected the connectives to be on extreme ends of the scale (very frequent versus very infre
quent), whereas we selected connectives based on other parameters and therefore did not 
dichotomize frequency as such.

Finally, we reflect on connective-specific results. The finding that moreover yielded the 
poorest performance is interesting, given that it has also been discussed in previous connective 
comprehension studies as a connective yielding distinctly poor results. Nippold et al. (1992) and 
Goldman and Murray (1992) both report that moreover yielded particularly low scores in their 
comprehension studies; Goldman and Murray (1992)’s participants also indicated that they did 
not know what moreover meant. Furthermore, our intuition was that moreover is a transparent 
connective (“more” indicating “in addition”); however, it was rated as relatively opaque. The 
current study thus provides further indications that comprehenders seem to struggle with this 
connective.

Other connectives that appeared to be difficult to comprehend for participants, in parity with 
results from Nippold et al. (1992), include consequently and conversely. However, performance on 
certain connectives did not converge with earlier findings. For example, Goldman and Murray (1992) 
reported that nonetheless was also considered particularly difficult by their participants, but in our 
study, participants performed relatively well on this connective. Nippold et al. (1992) found that 
participants performed quite well on the connective furthermore, while in our study, participants did 
not perform well on this connective. These differing results could be due to differences in the nature of 
the employed tasks (Nippold et al. (1992) and Goldman and Murray (1992) both used multiple-choice 
tasks rather than a rating task) or possible differences in the items, but further research is needed to 
confirm this.
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Comprehender-internal features

The current study also showed that comprehender-internal features can explain part of the variability 
between readers in how well they understand connectives. In terms of the subconstructs related to 
linguistic experience, previous work has mainly focused on the relationship between connective 
comprehension and print exposure (but see Tskhovrebova, Zufferey, and Tribushinina 2022). The 
current study took a more comprehensive approach to operationalizing linguistic experience and 
found that vocabulary size has a greater effect on connective comprehension than print exposure. 
Specifically, ART was not found to be predictive of connective comprehension, unlike previous 
findings (Tskhovrebova, Zufferey, & Gygax 2022; Wetzel et al., 2020; Zufferey & Gygax, 2020b note 
that they did not consider VST). This is likely due to vocabulary size already explaining much of the 
variance, given that ART is predictive of comprehension if VST is not included in the model. In other 
words, while print exposure might be related to connective comprehension, vocabulary size has 
greater predictive power.12 This is interesting, given that many of the connectives included in the 
current study are typical for the written domain and the ART was designed to more directly target 
exposure to written text than the VST. We recommend future work on individual variation in 
connective comprehension to include vocabulary size as a variable for linguistic experience.

A critical note has to be made on the applicability of the print exposure measure to the participant 
sample used in the current study. A large body of research has confirmed the ART’s usefulness as 
a measure of print exposure, but most of this work involved university-level native readers of English. 
McCarron and Kuperman (2021) studied the ART’s reliability in native English speakers with a below- 
university level of reading proficiency and in non-native readers of English. Their results showed that 
ART comes with a relatively high standard error of measurement in a nonuniversity educated student 
sample, indicating that the test is less reliable in samples with lower-educated participants.

Regarding the relationship between general reasoning and connective comprehension, the current 
study is the first to show that general reasoning does, in fact, play a role: Comprehenders with higher 
general reasoning skills are also better at understanding the meaning and intended usage of con
nectives, independent of linguistic experience. We believe this can be attributed to the link between 
general reasoning and relational reasoning in a broader sense. Indeed, the results showed that the test 
that taps into relational reasoning skills directly, namely RPMT (which requires participants to 
recognize patterns and infer relations between separate information units), could predict performance 
on both the coherent and incoherent pairings.

The CRT, which was also included to measure general reasoning, showed a different effect on 
connective comprehension compared to the RPMT. Specifically, the effect of cognitive reflection skills 
differed per condition, with comprehenders with better CRT skills being more likely to provide lower 
raw Likert ratings to both coherent and incoherent pairings, therefore leading to a poorer inversed 
score on the coherent condition. This result does not match our prediction that comprehenders with 
higher cognitive reflection skills evaluate incorrect connective usage more critically, which should lead 
participants to score particularly well on items in the incoherent condition. Rather, the results suggest 
that people with higher cognitive reasoning skills are more critical of connective-relation mappings in 
general than people with lower cognitive reasoning skills. One possible explanation for this effect is the 
mismatch between the formal connectives and the narrative structure of the items. Participants who 
are more critical in general might have consistently assigned slightly lower coherence scores on the 
scale (both in the coherent and the incoherent condition) due to the mismatch, despite the instruction 
stating that the pairings should not be judged based on how “nice” they sound. Further research is 
needed to investigate what contributes to this effect of CRT on coherence judgments. A first step in 
this direction would be to use a binary coherence judgment rather than a scale.

In sum, the results on comprehender-internal factors influencing connective comprehension 
showed that both linguistic experience and general reasoning are relevant. We note that this research 
into comprehender-internal factors was not exhaustive; other factors might also be relevant. 
Specifically, the current study measured vocabulary breadth, but vocabulary depth could also be 
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relevant: comprehenders differ in how much is known, or the quality of the information, about 
particular words. Past studies have shown that breadth and depth contribute independently to 
explaining variance in reading comprehension (Binder et al., 2017; K. Nation & Snowling, 2004; 
Tran et al., 2020). Further, given that the connective comprehension test required participants to 
produce a written connective, it could be interesting to include expressive vocabulary tests in future 
work in this area. Such tests measure an individual’s ability to use language actively by generating 
words and meanings.

Moreover, linguistic abilities that are relevant to text comprehension might be related to connective 
comprehension as well. This includes skills such as decoding, phonemic awareness, orthographic 
awareness, and morphological awareness. This latter skill might be particularly relevant in the context 
of the current study. Morphological awareness is the recognition and understanding of and ability to 
manipulate the smallest meaningful units in words (see Apel, 2014). It has been found to be strongly 
associated with vocabulary knowledge, as morphological knowledge can help individuals infer the 
meanings of unfamiliar words by breaking them down into smaller meaningful parts (see Spencer 
et al., 2015). Morphology appears to impact comprehension directly as well as indirectly through word 
reading skills (Perfetti et al., 2005); indeed, empirical studies have shown a link between morphological 
awareness and reading comprehension in children (e.g., Deacon et al., 2014; Levesque et al., 2017; 
Tong et al., 2011), adult with low literacy skills (e.g., Fracasso et al., 2016; Tighe & Binder, 2015), and 
adult proficient readers (Guo et al., 2011; Kotzer et al., 2021). Relating this to the current study, note 
that most of the included connectives were morphologically complex, and thus require understanding 
of the bases and suffixes of words. Comprehenders with poorer morphological awareness might be less 
capable of recognizing, understanding and manipulating the morphological units of the connectives, 
which could be another explanatory factor of connective comprehension, or of the influence that 
lexical transparency has on connective comprehension. Future studies will hopefully provide more 
insight into these issues.

Implications for language comprehension and production

Prior research has shown that connectives facilitate comprehension, which has been attributed to the 
assumption that comprehenders use connectives as “processing instructions,” signaling to readers how 
to connect relational arguments. However, the facilitative effect of connectives is likely diminished 
when comprehenders do not understand the meaning of the connective, and this might differ for 
individual comprehenders. Our study shows that adults do not always understand the meaning 
provided by the connective. The connectives included in the current study were more typical of the 
written domain compared to the spoken domain. Exposure to written connectives is more difficult to 
come by, as this only comes through reading. It could be beneficial for comprehenders to be exposed 
to more and perhaps more explicit training of connectives typical for the written domain (such as 
moreover, albeit, and subsequently) in school curricula. Crosson and Lesaux (2013a) discuss various 
considerations for connective vocabulary instruction.

An open question is how connective comprehension affects discourse processing. Connectives have 
been shown to be important signals that readers exploit during online processing, but most studies 
showing that connectives result in faster online reading times have focused on a limited set of frequent 
connectives. It would be interesting to study the effects on processing for connectives that yielded poor 
performance on the comprehension test, such as moreover and albeit. It is likely that such connectives 
are only beneficial to the processing of some readers who are able to exploit the connective’s 
information signal. Expanding the research in the field of discourse to less-considered connectives 
would provide a more comprehensive and generalizable understanding of how connectives impact 
readers.

We also consider the relationship between connective comprehension and connective production 
an interesting avenue for future research. Does a larger connective vocabulary knowledge also imply 
that those comprehenders are more likely to use those connectives in their own speech or writing? In 
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acquisition literature, it has been shown that production of connectives does not equal accurate 
comprehension, nor that the connectives are produced in accurate relation-connective mappings 
(e.g., Cain & Nash, 2011; Cain et al., 2005; Crowhurst, 1987; Geva & Ryan, 1985; Knoepke et al.,  
2017; Volodina & Weinert, 2020; Welie et al., 2017). It would be interesting to determine whether this 
extends to adult usage of connectives as well.

In sum, the current study investigated the factors influencing adults’ connective comprehension. 
Being able to establish discourse relations in a text is crucial to creating a mental representation of 
that text. Given that connectives guide readers in this interpretation, connective comprehension is 
an essential component of discourse processing. A better understanding of the factors that influence 
connective comprehension can provide more insight into factors that influence discourse proces
sing, and into possible comprehension difficulties that readers might experience. The results from 
the current study indeed show that not all connectives are understood equally well (depending on 
lexical transparency, but not frequency), and that not all comprehenders are able to understand 
connectives equally well (dependent on both linguistic experience and general reasoning). These 
results therefore emphasize the need for considering individual differences in discourse compre
hension, and for examining a broader range of connectives in studies of discourse markers, for 
example, to study the influence of more opaque, ambiguous, or difficult connectives on discourse 
processing.

Notes

1. Connectives included were consequently, moreover, similarly, furthermore, therefore, nevertheless, however, 
contrastively, conversely, and rather.

2. But see Goldman and Murray (1992), who included 23 connectives that occurred at least 10 times per million 
words. However, they aggregated the results into four general categories of connectives, making a direct 
comparison between their results and ours impossible.

3. https://osf.io/85a3e/
4. The foil selection criterion was established based on the notion that participants who selected such 

a disproportionate amount of foils did not follow instructions to the task, which explicitly stated they 
could only select names that they were absolutely certain to be author names. It could be argued that the 
final ART score for such participants would be corrected for guessing (e.g., a participant selecting 41 author 
names and 35 foils would receive a score of 41–35 = 6), but such a score would not reflect the same as the 
score of a participant who was much more conservative in their selection (e.g., selecting 6 authors and 0 
foils). The time-out criterion was established because it is difficult to reliably estimate the ART score for 
participants who timed out on a large number of trials; did they not recognize the names or did they not pay 
attention during the trial? The 15 participants whose scores were removed based on this criterion timed out 
on 90 out of 130 trials on average, indicating that they did not participate in this task seriously or simply left 
the task running without participating.

5. The labels of the items that were included were a8, a11, b7, b12, c4, c12, d7, d12, e1, e5, e7, and ad36.
6. Connective frequency can be obtained from annotated corpora, but these corpora are often limited with respect 

to modality, domain and size.
7. The experimental design and analysis procedure were preregistered on OSF (https://osf.io/hymgu). A more 

appropriate analysis based on reviewers’ feedback of the data is presented here. The findings are in line with the 
results when following the preregistered analysis.

8. We also repeated the analyses on a nontransformed score of raw Likert ratings, and the results remained the 
same, albeit inversed (i.e., a main effect in the model with the transformed response variable appeared as an 
interaction effect with condition in the model with the raw response variable).

9. This lower reliability might be attributed to the small number of questions included in the test and to the fact that 
some participants might have seen certain questions previously, which impacts the reliability of the score (see 
Stieger & Reips, 2016). For this reason, we calculate the CRT score per participant by excluding responses to 
questions that participants indicate they have seen previously.

10. For the coherent condition, it is important that readers interpret the relation as conveyed by the connective in 
Step 2. Step 1 insertions that did not match such an interpretation were excluded from this follow-up analysis. 
Since the free insertions in the first step often contained ambiguous connectives (e.g., “and”), we considered all 
relation senses that could be conveyed by such connectives. Crucially, for the incoherent condition, readers 
should not have interpreted the relation sense provided by the connective in Step 2. Thus, for the incoherent 
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condition, we excluded all cases in which a connective was inserted in Step 1 that could convey the relation 
marked by the infelicitous connective in Step 2.

11. Random effect structure of final model: (1 + Condition + VST + RPMT + CRT | connective) + (1 + Condition × 
Transparency | subject).

12. Note that Tskhovrebova, Zufferey, and Tribushinina (2022) did find an effect of both ART and VST in 
a connective cloze task, but this assesses connective usage rather than comprehension.
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Appendix

Figure 1A. Presents a distribution of the lexical transparency ratings per connective.
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