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“Roger Broke His Tooth. However, He Went to the Dentist”: Why
Some Readers Struggle to Evaluate Wrong (and Right) Uses of
Connectives
Sandrine Zufferey a and Pascal Gygaxb

aDepartment of French language and literature, University of Bern, Bern, Switzerland; bDepartment of psychology,
University of Fribourg, Fribourg, Switzerland

ABSTRACT
Understanding discourse connectives is an important step to achieving effec-
tive verbal communication. Yet, the ability of adult native speakers to under-
stand the broad range of connectives found in most Indo-European languages
has seldom been assessed. In this article we demonstrate that some adults
have difficulties recognizing correct and incorrect uses of connectives in their
native language. In Experiment 1 we show that adults have a lower ability to
understand less frequently used connectives from thewrittenmode thanmore
frequently used ones. We also report that such an ability depends on partici-
pants’ exposure to print (as measured by the Author Recognition Test), in turn
correlating with higher general grammatical competence. In Experiment 2 we
find that the performance of an adult increases with connectives that are used
in both speech and writing, although differences are still present between
connectives and between participants differently exposed to print. We con-
clude that connectives represent an area of complexity for some adults with
less exposure to print and poorer grammatical competences.

Introduction

Discourse connectives are frequently used indicators of text and discourse cohesion (Halliday &
Hasan, 1976; Knott & Dale, 1994; Mann & Thompson, 1988). Even though they are used frequently
in both speech and writing, connectives are not used in a similar manner across the two modes
(Crible & Cuenca, 2017). In speech a limited number of connectives are used very frequently with
a range of different functions, whereas in writing a larger number of connectives are used with more
specific functions. As a result of this discrepancy, a large number of connectives are restricted to the
written mode, and this might trigger variations in whether different readers consider their usage to
be correct. More specifically, some readers, depending on their linguistic competence, may struggle
to identify correct and incorrect uses of connectives bound to the written mode.

Linguistic competence in the written mode is typically quite variable even among adult speakers.
For example, individual differences are wide ranging in the reading and spelling skills of adults
(Kamhi & Hinton, 2001). In the case of discourse connectives, which are the topic of this article, it
has been observed that not all adults are sensitive to the differences between but and although in
relation to their different syntactic positions in the sentence (McClure & Geva, 1983). However, to
the best of our knowledge, no study has provided a more systematic assessment of individual
variations in adults’ ability to understand and use discourse connectives in their mother tongue, as
most research has focused on children (e.g., Cain & Nash, 2011; Evers-Vermeul & Sanders, 2009)
and second language learners (e.g., Granger & Tyson, 1996; Zufferey & Gygax, 2017).
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We argue that individual variations in adult native speakers’ understanding of connectives are
likely to be grounded in broad grammatical competences, because connectives act at the syntax–
discourse interface. We argue that these variations are likely to be even more pronounced for
individuals’ understanding of connectives that are mostly used in the written mode (as opposed to
connectives used in both speech and writing), as reading competences have been shown to be even
more variable among adults (Braze, Tabor, Shankweiler, & Menkl, 2007) and input for these
connectives comes through reading alone. Here, we assess the competence of adult native speakers
to judge the correctness of sentences linked with discourse connectives used mostly in the written
mode and argue that differences between low and high competent speakers within their native
language may resemble that found in other studies comparing L2 (illustrating low competence) and
L1 (illustrating high competence) speakers.

In our experiments we explored three factors likely to influence participants’ competence with
connectives from the written mode: the relational complexity of the coherence relation that is
encoded by the connective, the connective’s frequency in written corpora, and its mono- or
polyfunctional nature. Related to these three factors is the idea that they may constitute different
obstacles for mastering connectives depending on readers’ general exposure to print and global
grammatical competences. To measure the latter, we used a newly constructed written grammatical
competence test. To measure the former, we used both an objective exposure to print measure, with
a newly constructed French version of the Author Recognition Test (ART-F; Stanovich & West,
1989), and a self-evaluation of exposure to print measure.

Factors influencing the difficulty of discourse connectives

Sanders, Spooren, and Noordman (1992) developed a cognitively oriented model of discourse coher-
ence that has frequently been used to assess the cognitive complexity of discourse relations and
connectives (see Sanders et al., 2018 for a recent presentation of the model). In this model all relations
can be decomposed into four primitives: the implicational order (basic or nonbasic), the source of
coherence (objective or subjective), the polarity of the relation (positive or negative), and the basic
operation involved (additive, temporal, or causal). Each primitive can take one of two or three values,
and one of them is deemed to be cognitively more complex than the others. Implicational order only
applies to causal relations. It is related to the order of presentation between the antecedent and the
consequent. For example, consequence relations (1) involve an antecedent-consequent order of pre-
sentation and are therefore basic, whereas causal relations (2) involve a consequent-antecedent order of
presentation between the segments and are therefore nonbasic. Relations with a basic order of
presentation are deemed to be cognitively simpler than relations with a nonbasic order.

(1) John pushed Mary so she fell down.
(2) Mary fell down because John pushed her.

Relations that involve an objective source of coherence, such as causal relations between facts or
events (3), are easier than relations that involve a subjective source of coherence, such as causal
relations between claims and conclusions drawn by the speaker (4).

(3) Mary was glad because she won first prize at the beauty contest.
(4) Mary was beautiful, because she won first prize at the beauty contest.

Relations with a positive polarity, such as consequence relations (5), are simpler than relations with
a negative polarity, such as concession relations (6). A negative polarity can be defined as a relation
between either P and non-Q or non-P and Q. For example, in (6), being cold leads to a possible
consequence of going to sit inside, but this consequence is negated in the second segment.
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(5) Mary was cold so she went to sit indoors.
(6) Mary was cold but she did not go to sit indoors.

Finally, relations involving a basic operation of addition such as elaborations, lists, and additive
relations, as in (7), are simpler than relations involving a causal basic-operation such as causal
relations, as in (8).

(7) Mary knew several languages and was a trained accountant.
(8) Mary got a nice job because she knew several languages.

This model is well equipped to explain the effect of relational complexity on the acquisition of
discourse relations (Evers-Vermeul & Sanders, 2009), as children usually produce additive relations
first, followed by causal relations, and concessive relations last. In addition, relations that are deemed
to be more complex in this model have also been found to be more difficult to process for adult
speakers. For example, subjective causal relations are more difficult to process than objective causal
relations (e.g., Canestrelli, Mak, & Sanders, 2013; Traxler, Sanford, Aked, & Moxey, 1997), and
negative relations are more difficult to process than positive ones (e.g., Morera, León, Escudero, & de
Vega, 2017; Xu, Chen, Panther, & Wu, 2018). These studies provide strong support for the idea that
relational complexity has an impact on the way adult speakers process and understand connectives.

Consequently, one can assume that other types of complexity characteristics, as typically illu-
strated by connectives that are mostly used in the written mode, could also influence the ease with
which these connectives are understood, similar to the complexity of the relation encoded by a given
connective. One such factor is how frequently a connective is used in written data. In fact, this
hypothesis found support in several studies on acquisition. Crosson, Lesaux, and Martiniello (2008)
report that the factor of frequency interacts with relational complexity. More specifically, they found
that children aged 9 to 10 understand cognitively simple relations that are conveyed by frequently
used connectives better compared with relations marked by less frequently used ones. For cognitively
complex relations, however, frequency did not play a role. By contrast, Nippold, Schwartz, and
Undlin (1992) report that in the case of teenagers and young adults, the frequency effect was
independent of the complexity of the relation, as participants better understood frequently used
connectives independently of the fact that they encoded simple (i.e., positive) or complex (i.e.,
negative) relations. However, in these experiments frequency was measured based on the proportion
of children from each age group who knew them rather than on their frequencies in corpus data, and
the experiments included both connectives from the spoken and the written modes. Therefore, the
role of frequency in explaining differences between various connectives that are specifically used in
the written mode cannot be firmly established based on this literature.

Another factor that potentially influences the complexity of connectives is their functional nature
(i.e., mono- or polyfunctional). Although some connectives only take one specific function in all
contexts, many others can have different functions depending on context, even in the written mode.
For example, in English, in some contexts the connective since takes on a temporal meaning, whereas
in others it has a causal meaning. Having to master polyfunctional connectives represents an additional
layer of complexity compared with monofunctional connectives. This factor was found to affect second
language learners’ ability to master the polyfunctional French connective en effet, a difficulty that was
attributed to the necessity for learners to create a complex form-function mapping (Zufferey & Gygax,
2017). Within the category of polyfunctional connectives, we also expect to find differences of mastery
between the different functions. These differences are likely to be linked to the frequency of each of
them. In many cases polyfunctional connectives have one dominant function in terms of frequency
and one or several secondary or less frequent functions. The understanding of the secondary functions
is likely to represent a higher degree of complexity. In previous work (Zufferey, Mak, Degand, &
Sanders, 2015), this factor was found to affect the ability of adult native speakers to judge the
appropriateness of the English polyfunctional connective while. In that experiment native speakers
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scored at ceiling when they had to evaluate the connective’s temporal meaning (i.e., its dominant
function) but not its contrastive meaning (i.e., a secondary function).

In this article we provide a first exploratory analysis for the role of these three factors (relational
complexity, connective frequency, and multifunctionality) by testing adults’ ability to judge correct
and incorrect uses of four French connectives, each encoding one function that is specific to the
written mode: en outre, en effet, aussi, and toutefois. Even though French possesses over 328
connectives (Roze, Danlos, & Muller, 2012), the number of connectives included in our experiments
had to be limited to four so the experimental task remained manageable for participants. Caution is
therefore necessary before concluding that our results can be replicated with different connectives.
However, our goal is not to provide a definite answer to the question of what makes connectives
complex to understand but rather to set a first landmark to advance the study of adult native
competence with connectives, as data are still missing. The four connectives used in our experiment
were chosen because they are very well suited to assess the factors discussed above. First, they encode
different coherence relations that can be scaled in terms of relational complexity. En outre, which
roughly corresponds to the English in addition, encodes an additive relation that is cognitively the
simplest kind of relation. It is important to note that contrary to et or its translation equivalent and
in English, en outre cannot be used to underspecify other coherence relations such as temporal
sequence and causality. En effet and aussi, which roughly correspond to the English because and
therefore, respectively, both involve a form of causality between the related segments, but aussi
involves a basic order (cause–consequence) making it a consequence relation, whereas en effet
involves a nonbasic one (consequence–cause) making it a causal relation. Finally, toutefois, which
roughly corresponds to the English however, encodes a concessive relation; in other words, a relation
in which one of the segments leads to the expectation of a causal relation with the second segment,
but such a causal link is explicitly denied. Concessive relations correspond, in terms of primitives, to
negative causal relations, which represent the highest degree of cognitive complexity.

The four chosen connectives also have a different frequency in written corpora from various
genres (journalistic, argumentative, and literary1). Although all are relatively frequently used in
writing, en effet and toutefois are significantly more frequently used compared with en outre and
aussi (Table 1). Among the four connectives, two are monofunctional (en outre and toutefois) and
two are polyfunctional (en effet and aussi). In addition to its causal meaning, en effet also has
a confirmation meaning (similar to the English indeed), and in addition to its consequence meaning,
aussi also has an additive meaning (similar to the English also). The two meanings of these
connectives do not lead to ambiguities, however, because they are associated with different syntactic
positions in the sentence. While the tested meanings are found in the sentence-initial position, the
other meanings are found with the connectives in clause-medial or clause-final positions (as
indicated in the Lexconn database of French connectives). Among the two polyfunctional connec-
tives, the function that is limited to writing and that is tested in our experiment differs in terms of
dominance. While the causal uses of en effet represent its dominant function in writing, with about
80% of the occurrences in corpus data, the consequence meaning of aussi found in the sentence-
initial position is a secondary function compared with its additive meaning found in sentence medial
and sentence final positions, as it represents about 10% of the occurrences in corpus data2.
A summary of the different factors and their value for each of the four connectives is reported in
Table 1. The degree of relational complexity is ranked from 1 (easiest) to 4 (most complex).

Table 1. Summary of Factors Characterizing the Four Connectives Tested in Experiment 1.

Connective
Relation
Tested Polyfunctionality

Relation
Complexity

Dominant Function
Tested

Frequency per Million Words in
Writing

En outre Addition – 1 N/A 73
Toutefois Concession – 4 N/A 185
Aussi Consequence + 2 No 107
En effet Cause + 3 Yes 211
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In Experiment 1 we expect to find different patterns of results depending on which factor plays
the most important role for speakers’ ability to understand connectives. If relation complexity is the
most relevant factor, then adults should have the worst scores for toutefois, better scores for en effet
and aussi, and finally en outre should yield the best scores. By contrast, if frequency is the most
relevant factor, we expect that aussi and en outre should yield worse scores compared with toutefois
and en effet. If polyfunctionality plays an important role, en effet and aussi should yield worse scores
compared with toutefois and en outre. Finally, considering only polyfunctional connectives, if
function dominance plays an important role, we expect that aussi should trigger lower scores
compared with en effet.

In addition to variations between different connectives, we also expect to find variations between
participants in their ability to understand connectives from the written mode. In this respect, the
most likely factor that could explain individual variations with connectives from the written mode is
participants’ familiarity with this mode, in other words their degree of exposure to print. Exposure to
print has been found to predict an important number of linguistic and even nonlinguistic compe-
tences. First, a high exposure to print is linked to better sentence processing ability and superior
performance on verbal portions of the American College Testing (Acheson, Wells, & MacDonald,
2008). Second, it is related to better vocabulary and world knowledge (Stanovich, West, & Harrison,
1995). Finally, it is also strongly correlated with orthographic competence (Stanovich & West, 1989).
In sum, due to the attested role of exposure to print for the wide array of linguistic competences, we
expect to find effects resembling those found when comparing L1 and L2 speakers (e.g., Zufferey &
Gygax, 2017): Participants with a low exposure to print score should have more trouble to correctly
identify connectives than those with higher score. To the best of our knowledge, such an effect has
not been investigated yet in the literature.

Experiment 1: connectives used in the written mode

Methods

Participants
Participants were 60 native French speakers (age range, 18–54; Mage = 28.48; SD = 8.42; 30 women)
recruited via the online platform Prolific© (Prolific, Oxford, UK), the European equivalent of Amazon
Mechanical Turk© (MTurk). All participants agreed to a consent statement before starting the experi-
ment and were paid 2£ for participating in this experiment, which lasted approximately 25 minutes. The
sample size was set to equal that of Zufferey and Gygax (2017), who tested 31 L1 (i.e., proficient) and 29
L2 (i.e., less proficient) participants.

Materials and procedures
Connectives. The materials for the connective judgement task included 64 test sentences (all experi-
mental materials can be accessed at https://osf.io/yxj8q/). For each of the four tested discourse relations
(addition, cause, consequence, concession) participants read 16 sentences: 8 with the correct connec-
tive and 8 with an incorrect connective. We ensured that all experimental sentences clearly indicated
the type of coherence relation intended. In a norming study involving a sentence completion task with
the four connectives used in this experiment, we found that participants who failed to insert the
appropriate connective did not significantly choose one of the foils over the others. This indicates that
our sentences do not have a clear alternative interpretation other than the one we intended.

For additive relations, the appropriate connective was en outre and the inappropriate connective
was aussi (9) and vice versa for consequence relations that contained aussi in the correct version and
en outre in the incorrect version (10). Recall that even though aussi can also take an additive
meaning, this meaning is not possible in our sentences because it cannot appear in the sentence-
initial position.
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(9) Jean avait une grande collection de voitures. En outre/*Aussi, il possédait des tableaux de maître.

John had a big collection of cars. CONNECTIVE, he had paintings by famous artists.

(10) Roger s’était cassé une dent en mangeant. Aussi/*En outre, il prit rendez-vous rapidement
chez son dentiste.

Roger had broken his tooth while eating. CONNECTIVE he quicklymade an appointment with his dentist.

For causal relations, the correct connective was en effet and the incorrect connective was toutefois
(11) and vice versa for concessive relations that contained toutefois in the correct version and en effet
in the incorrect version (12).

(11) Marie se fâcha contre ses voisins. En effet/*Toutefois, elle avait passé la soirée à les écouter se
disputer.

Marie was angry with her neighbours. CONNECTIVE, she had spent the evening listening to them fighting.

(12) Emma avait commandé de grandes quantités de nourriture. Toutefois/*En effet, elle arriva
facilement à les écouler lors du banquet.

Emma had ordered a lot of food. CONNECTIVE she used it all during the banquet.

Each of the four connectives was either used as the correct connective or as the incorrect one.
Participants were asked to read pairs of sentences and to evaluate the degree of coherence of the link
between them on a continuous scale slider (i.e., a continuous bar) labeled very incoherent on the far
left and very coherent on the far right (coded for our analyses as ranging from 0 to 10). The stimuli
were divided into two lists using a Latin square design, with only one version of a particular item
included per list. The order of presentation of the sentences was randomized for each participant.

Author recognition test in French. The materials for the measure of exposure to print was an adapted
version of the author recognition test (Stanovich &West, 1989) for French (our French adaptation can be
accessed at https://osf.io/yxj8q/). The list contained 40 real names of authors and 40 fake names.
Participants’ task was simply to check the names of people they recognized to be authors. As in the
original version, they were told that some names corresponded to real authors and some did not. They
were asked not to guess but to check only those names they recognized as authors. Participants scored
one point per recognized author and −1 for each fake author they checked. Including foils ensures that
participants do not check authors whom they have not really read. To ensure the presented authors were
adequate for the tested population, we compiled a list of 20 French authors, 4 of whom had received the
Nobel Prize of Literature, and the others were listed as frequently read by a major French bookshop. For
the remaining 20 non-French authors the same strategy was adopted (i.e., four Nobel Prize winners).
Hence, in this test the maximum score was 40.

As in Stanovich and West (1989), we used Cronbach’s alpha to measure the reliability of the
correct number of checked items. The reliability of our test, .88 (95% confidence interval [CI]
[.82–.91]), was close to that in their initial study (.85). Note that, as explained above and following
the procedure by Stanovich and West (1989), we accounted for foils (0.8% of fake names checked).

We also asked two questions pertaining to participants’ subjective evaluation of their exposure to
print in general—both using a continuous scale slider labeled never on the far left and very often on
the far right—(i.e., How regularly do you read?) and to foreign authors more specifically (i.e., How
regularly do you read foreign authors?). Both scales were coded from 0 to 10 for simplicity and
comparison purposes.

Half of the participants started the experiment with the connective judgment task and the other
half with the written grammatical competence task. The author recognition task always occurred
after the other two tasks. After completing the three tasks, participants were asked a series of
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demographic questions (age, mother tongue, gender). Note that early examination of the data
suggested no effect of order of tasks, which was not investigated further.

Language competence. The materials for the written grammatical competence task included 40 test
sentences: 20 of which were correct sentences and 20 containing an error typically linked to written
language, such as a nonaudible feminine agreement (13) or homophonic but not homographic words
(14). The full task can be accessed at https://osf.io/yxj8q/.

(13) Les jeunes filles sont allées/allés à la piscine.

The young girls went_fem_plur/went_masc_plur to the swimming pool.

(14) L’enseignant et l’élève ont eu un sérieux différend/différent.

The teacher and his pupil had a serious disagreement/difference on that case.

Participants simply had to evaluate whether the sentences were grammatically correct or incorrect on
a continuous scale slider labeled totally incorrect on the far left and totally correct on the far right. To
compile a global grammatical competence score we used the formula correct score + (10 – incorrect
score), leading to a total of 20 as the maximal score. Reliability was, as for our ART-F test, relatively
high (Cronbach’s alpha of .73 (95% CI [.57–.82]).

Results

Exposure to print and language competence
Quite intuitively, the ART-F, measuring exposure to print, correlated with the subjective exposure to
print, r = .46, 95% CI [.23–.64], p < .001, as well as with the subjective exposure to foreign print, r = .40,
95% CI [.16–.59], p < .01. The correlation between the ART-F and our written grammatical competence
task was rather high, r = .48, 95% CI [.26–.65], p < .001, signaling a clear association between exposure to
print and written grammatical competence. As discussed below, causality cannot be clearly established
with our data. Table 2 shows the mean scores on each of our language measures.

Connective judgement task
To include both participants and items as random factors in all analyses (Brysbaert, 2007; Clark, 1973),
we analyzed the data by fitting linear mixed-effects models using R software (RDevelopment Core Team,
2010, version 3.1.2). Models were tested using the lmer() function of the lmer4 package of R (Kuznetsova,
Bruun Brockhoff, & Haubo Bojesen Christensen, 2014), and model comparisons were assessed using the
anova() function, which calculates the χ2 value of the log-likelihood to evaluate the difference between
models, following Baayen’s (2008) procedure. As done in other studies on similar issues (e.g., Öttl &
Behne, 2017), models were compared using a forward-testing approach. Namely, fixed effects were
included one at a time (main and interaction effects), and each resulting model was compared with
a model that did not include the added factor. When comparing models, we also evaluated the
contribution of random slopes to the models by using log likelihood tests, if the random slopes were
justified by the design (as recommended by Barr, Levy, Scheepers, & Tily, 2013). To obtain p values for
our final model, we used the summary() function from the lmer Test package (Kuznetsova et al., 2014).

Table 2. Means, SDs, 95% CIs, and Range for Our Four Language Measures.

Mean SD 95% CI Range

ART-F 8.05 5.88 [6.56–9.54] −1 to 27
Language competence 13.01 1.97 [12.51–13.51] 9.41–17.98
Subjective exposure to print 6.35 2.95 [5.60–7.10] 0–10
Subjective exposure to foreign print 3.95 3.28 [3.12–4.78] 0–10
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Finally, treatment contrasts were used for all unordered factors (i.e., Connective), and “Cause” (i.e., en
effet) was set as the baseline level (i.e., the reference) for comparing connectives. We used en effet as the
baseline model as it constitutes the most frequently used connective in written language. The data and
R scripts can be accessed at https://osf.io/yxj8q/.

As our language competence measures correlated, we used the ART-F score as our main competence
measure. In addition to this, and as we were particularly interested in paralleling this competence (within
native speakers) with that separating L1 and L2 speakers (as in Zufferey &Gygax, 2017), we separated our
participants into two competence groups. Before running the model comparisons, we therefore median
split ART-F scores. Thirty-two participants were in the low group (M = 3.69, SD = 1.75, 95% CI
[3.06–4.32]) and 28 in the high group (M = 13.04, SD = 4.88, 95% CI [11.14–14.93], t(58) = 9.61,
p < .001, 95%CImeandiff[7.37–11.33]). As we are fully aware thatmedian splitting has been criticized in the
literature, mainly because it involves a loss of statistical power (e.g., DeCoster, Iselin, & Gallucci, 2009;
MacCallum, Zhang, Preacher, & Rucker, 2002), we also ran our statistical models (see below) with the
ART-F scores as a continuous factor. As none of the models improved by doing so (and as the main and
interaction effects remained similar), we present the results using our low versus high exposure to print
groups to facilitate comparisons with studies comparing L1 and L2 speakers.

We also transformed the scores for incorrect items into one that enabled us to directly compare
them with the correct ones, in terms of coherence. As correct answers for coherent sentences should be
scored as 10 and 0 for incoherent ones, we transformed the incoherent ones using the formula correct
answerincoherent = 10 – score to incoherent item. As such, the correct answers for both coherent and
incoherent was a score of 10. All analyses were conducted on this transformed correctness score.

When comparing our random model, only encompassing items and participants as random
intercepts, to one also including Item Correctness as a fixed factor (Correct items vs. Incorrect
items), the latter showed a better fit, Δχ2 = 384.80, Δdf = 1, p < .001. The model was further
improved by adding main and interaction effects on Connective (Cause vs. Concession vs. Addition
vs. Consequence), Δχ2 = 230.05, Δdf = 6, p < .001. Including main and interaction effects on
Exposure to print (Low vs. High ART-F score) further improved the model, Δχ2 = 71.74, Δdf = 8,
p < .001. Adding Item Correctness as a random slope by participants further showed a better fit of
the model, Δχ2 = 77.71, Δdf = 2, p < .001. Other random slopes did not improve the model. We
therefore kept the model including Item Correctness, Connective, and Exposure to print as fixed
effects (and Item Correctness as a random slope by participant) as our final model.

A summary of the effects is shown in Table 3 and Figure 1. There were two main effects. First,
participants were better at recognizing correct sentences (8.18) than incorrect ones (6.17). Second,
participants were also better at responding to sentences containing a cause (8.51) or a concession
(8.73) than an addition (5.21) or a consequence (6.24).

Several interactions were also found. First, and qualifying both main effects of Connective and Item
Correctness, the difference between each connective to that of Cause (i.e., the reference; Fig. 1), was not
the same in the Correct and Incorrect sentences.Whereas participants struggledmore with Consequence
(Correct, difference of 2.03; Incorrect, difference of 2.51) and Addition (Correct items, difference of 2.52;
Incorrect items, difference of 4.07) than with Cause—as apparent both in the Correct and Incorrect
sentences—this was not the case for Concession (Correct items, .60; Incorrect items, −1.04). This
interaction effect also suggests that the main effect of Correctness may not hold for concession sentences.

Second, Exposure to print seemed to generally affect only Addition and Consequence, at least
compared with Cause. Namely, the difference between Low and High Exposure to print was smaller
for Cause (0.08) and Concession (0.41) compared with Addition (1.93) and Consequence (0.78).
These two-way interaction effects were qualified by a three-way interaction. Namely, when com-
pared with Cause (i.e., the reference connective), the additive connective showed a different pattern
when considering participants with High and Low exposure to print scores. As apparent in Figure 1,
although participants with High exposure to print scores struggled more with Incorrect sentences
with the Addition connective than Correct ones, this effect was even more pronounced for partici-
pants with Low exposure to print scores.
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Discussion

In this experiment we assessed the ability of adult speakers of French to judge the coherence of sentences
linked by correctly and incorrectly used connectives typical of the written mode. The connectives varied
in terms of several characteristics, from frequency in written corpora to their functional nature. Our
results clearly indicate that some connectives are more difficult to understand than others. The more
difficult connectives are the connective conveying the additive relation en outre and the connective
conveying the consequence relation aussi. This pattern fits our frequency hypothesis well, as en outre and
aussi are the two less frequent connectives in our sample. By contrast, it does not fit well with a relation
complexity hypothesis, as these connectives convey simpler relations. Similarly, polyfunctionality did not
seem to be a relevant factor to explain the results, as the two polyfunctional connectives en effet and aussi
yielded better scores than the monofunctional connective en outre.

The fact that frequency played a more important role than relation complexity is in line with previous
research with teenagers and young adults (Nippold et al., 1992). By the time people come to understand
all coherence relations, new connectives encoding these relations (even when complex) are not more
difficult to understand. By contrast, when a connective is used less frequently, it is less familiar, and this
leads to uncertainties about the way it should be used. For these connectives, a higher general language
competence and exposure to print are necessary to master them, as they are less frequently encountered.

Note that previous studies showing differences due to relation complexity (or cognitive complex-
ity) with adults were most often targeting online processing (e.g. Canestrelli et al., 2013; Traxler,
Sanford, Aked, & Moxey, 1997). This means that the processing measures were taken as readers
encountered the connectives (using eye movement monitoring, and not after, as in our experiment).
It is likely that the effect of relation complexity would also play a role in a task involving the online
reading of the connectives included in our experiment. Offline judgements by contrast do not seem
to be influenced by such complexity. Polyfunctionality did not affect participants’ performance
either, even for the less frequent function of consequence conveyed by aussi. Having to create
a complex form-function mapping does not seem problematic in L1, contrary to what was found
for second language learners (Zufferey & Gygax, 2017).

Table 3. Model Estimates for Our Best-Fitting Model, Including Item Correctness, Connective, and Exposure to Print as Fixed
Factors (Main and Interaction Effects), Participants and Items as Random Intercepts, and Item Correctness as a Random Slope.

Estimate SE df t-value Pr(>|t|)

(Intercept) 9.56 0.31 181.03 31.22 <.001
Item correctness
Incorrect −2.18 0.37 171.41 −5.93 <.001

Connective
Concession −0.47 0.35 210.36 −1.32 .18
Addition −1.80 0.35 210.36 −5.09 <.001
Consequence −1.51 0.35 210.36 −4.28 <.001

Exposure to print
Low exposure −0.15 0.37 171.56 −0.41 .68

Item correctness × Connective
Incorrect by Concession 1.89 0.40 3590.57 4.78 <.001
Incorrect by Addition −0.88 0.40 3590.57 −2.27 <.05
Incorrect by Consequence −0.61 0.40 3590.57 −1.54 .12

Item correctness × Exposure to print
Incorrect by Low exposure 0.47 0.51 175.88 −0.93 .36

Exposure to print × Connective
Low exposure by Concession −0.26 0.39 3599.27 −0.684 .49
Low exposure by Addition −1.44 0.39 3599.27 −3.73 <.001
Low exposure by Consequence −0.98 0.39 3599.27 −2.54 <.05

Item correctness × Connective × Exposure to print
Incorrect by Concession by Low exposure −0.45 0.55 3610.67 −0.82 .41
Incorrect by Addition by Low exposure −1.12 0.55 3610.67 −2.04 .05
Incorrect by Consequence by Low exposure 0.26 0.55 3610.67 0.47 .63

Treatment contrasts were used for all unordered factors (i.e., Connector). “Cause” condition is set as the baseline level.
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More important for the purpose of our experiment, the ART-F, measuring exposure to print, was
a relevant predictor for participants’ ability to provide accurate judgments for the more difficult
connectives in terms of frequency, namely en outre and aussi, when they were correctly used. Thus,
the ability to correctly judge connectives from the written mode is linked to exposure to print. As
demonstrated by the high correlations between our language measures, exposure to print is also
linked to more global language competences, as measured by our grammatical test. These results
argue in favor of integrating these tests in future work assessing aspects of written language, to have
a measure of grammatical competence and an indication of exposure to print.

In a nutshell, it seems that adults do experience difficulties in correctly understanding less frequently
used connectives in the written mode. Importantly, participants’ scores with these connectives were
significantly lower compared with the other two connectives, even in the correct version of our sentences.
This result indicates that the difficulties we uncovered in this experiment are not because the incorrect
version of additive and consequence sentences (that were paired in the experiment) might have been
more difficult to spot compared with the other pair made of causal and concessive relations.

However, our results cannot totally rule out the possibility that our participants performed more
poorly with additive and consequence relations because these relations were represented by sen-
tences that for some unforeseen reason might have been more difficult in our task. To eliminate this
potential bias, we replicated this experiment using the same sentences but with connectives fre-
quently used in both speech and writing. We expect that with these connectives, participants should
have a better ability to assess correct uses of additive and consequence relations.

Experiment 2: connectives used in both the spoken and the written modes

Methods

Participants
Participants were 56 native French speakers (age range, 17–69; Mage = 30.29; SD = 12.23; 29 women)
recruited via the same online platform as in Experiment 1 (i.e., Prolific©). None of the participants had
taken part in Experiment 1. All participants completed a consent form before starting the experiment and

0

1

2

3

4

5

6

7

8

9

10

EN EFFET

Cause

TOUTEFOIS

Concession

EN OUTRE

Addition

AUSSI

Consequence

EN EFFET

Cause

TOUTEFOIS

Concession

EN OUTRE

Addition

AUSSI

Consequence

CORRECT ITEMS INCORRECT ITEMS

M
e
a
n
c
o
r
r
e
c
t
n
e
s
s
(
0
=
in
c
o
r
r
e
c
t
t
o
1
0
=
c
o
r
r
e
c
t
)

High exposure to print (ART-F)

Low exposure to print (ART-F)

Figure 1. Mean coherence scores in all conditions of Experiment 1, with error bars representing standard errors.
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were paid 2£ for participating in this experiment, which lasted approximately 25 minutes. Again, the
sample size was set to equal that of Zufferey and Gygax (2017), who tested L1 (i.e., proficient) and L2 (i.e.,
less proficient) participants.

Material and procedure

The materials for the connective judgement task included 64 test sentences. For each of the four
discourse relations tested (addition, cause, consequence, concession) participants read the same 16
sentences as in Experiment 1: 8 with the correct connective and 8 with an incorrect connective, but
the connectives were different from Experiment 1. The new connectives were chosen because they
could be used to express the same discourse relations and were used frequently in both speech and
writing3 (Table 4). However, connectives all have their specificities, and the connectives used in this
experiment cannot be considered to be fully equivalent to those used in Experiment 1. The
important point is that each of them is acceptable in the intended discourse relations.

For additive relations the appropriate connective was en plus, a connective roughly equivalent to
the English in addition and the inappropriate connective was donc (15) and vice versa for conse-
quence relations that contained donc, a connective roughly equivalent to the English so in the correct
version and en plus in the incorrect version (16).

(15) Roger s’était cassé une dent en mangeant, donc/*en plus il prit rendez-vous rapidement chez
son dentiste.

Roger had broken his tooth while eating, CONNECTIVE he quicklymade an appointment with his dentist.

(16) Jean avait une grande collection de voitures, en plus/*donc il possédait des tableaux de maître.

Jean had a big collection of cars, CONNECTIVE he had paintings from well-known artists.

For causal relations the correct connective was parce que, a connective roughly equivalent to because, and
the incorrect connective was mais (17) and vice versa for concessive relations that contained mais,
a connective roughly equivalent to but, in the correct version and parce que in the incorrect version (18).

(17)Marie se fâcha contre ses voisins, parce qu’/*mais elle avait passé la soirée à les écouter se disputer.

Marie was angry with her neighbors, CONNECTIVE she had spent the evening listening to them
fighting.

(18) Emma avait commandé de grandes quantités de nourriture, mais/*parce qu’elle arriva facilement
à les écouler lors du banquet.

Emma had ordered a lot of food, CONNECTIVE she used it all during the banquet.

Table 4. Summary of Factors Characterizing the Four Connectives Tested in Experiment 2.

Connective
Relation
Tested Polyfunctionalitya

Relation
Complexity

Frequency per Million Words
in Speech

Frequency per Million Words
in Writing

En plus Addition – 1 339 47
Mais Concession – 4 12,753 3,924
Donc Consequence – 2 3,452 2,472
Parce que Cause – 3 3,217 259

aThree of the four connectives can be used to convey various subtypes of the same relations. Parce que and donc can convey both
objective and subjective causal relations and mais can convey various types of adversative relations (concession and contrast).
This is, however, different from the polysemous connectives in Experiment 1, which convey two completely distinct coherence
relations. To maintain this distinction, the connectives used in Experiment 2 have not been classified as polyfunctional for the
purpose of our research.
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Each of the four connectives was either used as the appropriate connective or as the inappropriate
one. Participants were asked to read pairs of sentences and to evaluate the degree of coherence
between them on a continuous scale slider labeled very incoherent on the far left and very coherent on
the far right. The stimuli were divided into two lists using a Latin square design, with only one
version of a particular item included per list. The order of presentation was randomized. The
materials and procedures for the rest of the experiment were the same as in Experiment 1.

Results

Language competence and exposure to print
As in Experiment 1, the ART-F scores (Cronbach’s alpha of .87 (95% CI [.77–.91]), measuring
exposure to print, positively correlated with the subjective exposure to print, r = .35, 95% CI [.09–.56],
p < .01. However, it did not correlate with the subjective exposure to foreign print, r = .21, 95% CI
[−.06–.45], p = .12. The positive correlation between the Exposure to print and our written
grammatical competence task (Cronbach’s alpha of .83 (95% CI [.75–.88]) was significant, r = .36,
95% CI [.11–.57], p < .01, signaling a clear association between exposure to print and written
grammatical competence. As in Experiment 1, causality cannot be clearly established with our data.
Table 5 shows the mean scores of our language measures.

Connective judgement task
As in Experiment 1, we analyzed the data by fitting linear mixed-effects models using the R software
(R Development Core Team, 2010, version 3.1.2) and grounding our analyses in the exact same
strategy. For simplicity and comparison purposes, “Cause” (i.e., parce que) was also set as the
baseline level for comparing connectives.

Before running the model comparisons, we determined the median ART-F scores. Thirty-two
participants were in the low group (M = 4.03, SD = .2.36, 95% CI [3.18–4.88]) and 24 in the high
group (M = 13.17, SD = 5.47, 95%CI [10.85–15.48], t(29.45) = 7.66, p < .001, 95% CImeandiff[6.70–11.57]).
As in Experiment 1, we also ran our statistical models with the ART-F scores as a continuous factor.
None of the models improved by doing so. We also transformed the scores for incorrect items into one
that enabled us to directly compare them with the correct ones in terms of correctness.

When comparing our random model—only encompassing items and participants as random
intercepts—with one also including Item Correctness as a fixed factor (Correct items vs. Incorrect
items), the latter showed a better fit, Δχ2 = 195.32, Δdf = 1, p < .001. The model was further
improved by adding Connective (Cause vs. Concession vs. Addition vs. Consequence; main and
interaction effects), Δχ2 = 309.56, Δdf = 6, p < .001. Including Exposure to print (Low vs. High; main
and interaction effects) did improve the model, Δχ2 = 47.56, Δdf = 8, p < .01. Adding Item
Correctness as a random slope by participants further showed a better model fit, Δχ2 = 285.92,
Δdf = 2, p < .001. Other random slopes did not improve the model. We therefore kept the model
including Item Correctness, Connective, and Exposure to print as fixed effects as our final model.

A summary of the effects is shown in Table 6 and Figure 2. There were two main effects. First,
participants were better at recognizing Correct uses of connectives (8.79) than Incorrect ones
(7.41). Second, participants, and this is different than Experiment 1, were also better at responding
to sentences containing an Addition (8.46) or a Concession (8.45, although at p = .07) when

Table 5. Means, SD, 95% CIs, and Range for Our Four Language Measures

Mean SD 95% CI Range

ART-F 7.95 6.04 [6.36–9.53] 0–26
Language competence 12.70 1.83 [12.22–13.18] 9.56–17.64
Subjective exposure to print 7.30 2.11 [6.75–7.86] 1.8–10
Subjective exposure to foreign print 5.82 3.25 [4.16–5.87] 0–10
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compared with Cause (8.13), whereas there was no difference when comparing Cause with
Consequence (7.35).

They were also interaction effects. First, and qualifying both main effects of Connective and Item
Correctness, the difference between each connective to that of Cause (i.e., the reference; Fig. 1) was
not the same in the Correct and Incorrect sentences, yet the pattern was somehow different. Whereas
participants struggled more with Concession (Correct items, difference of .84; Incorrect items,

Table 6. Model Estimates for Our Best Fitting Model, Including Item Correctness, Connective, and Exposure to Print as Fixed
Factors (Main and Interaction Effects), Participants and Items as Random Intercepts, and Item Correctness as a Random Slope.

Estimate SE df t-value Pr(>|t|)

(Intercept) 8.98 0.26 221.75 34.98 <.001
Item correctness
Incorrect −1.41 0.46 101.70 −3.06 <.01

Connective
Concession −0.57 0.32 326.71 −1.81 .07
Addition −0.66 0.32 326.71 −2.09 <.05
Consequence −0.08 0.32 326.71 −0.27 .79

Exposure to print
Low exposure 0.55 0.31 243.34 1.79 .07

Item correctness × Connective
Incorrect by Concession 1.77 0.39 3412.28 4.51 <.001
Incorrect by Addition 1.57 0.39 3412.28 4.02 <.001
Incorrect by Consequence −1.24 0.39 3412.28 −3.17 <.01

Item correctness × Exposure to print
Incorrect by Low exposure −1.61 0.61 1104.49 −2.62 <.01

Exposure to print × Connective
Low exposure by Concession −0.46 0.37 3433.48 −1.27 .20
Low exposure by Addition −0.58 0.37 3433.48 −1.58 .11
Low exposure by Consequence −0.18 0.37 3433.48 −0.50 .62

Item correctness × Connective × Exposure to print
Incorrect by Concession by Low exposure 0.98 0.53 3187.26 −1.85 .41
Incorrect by Addition by Low exposure 1.87 0.53 3187.26 −3.54 <.001
Incorrect by Consequence by Low exposure 0.13 0.53 3187.26 0.24 .81

Treatment contrasts were used for all unordered factors (i.e., Connective). “Cause” condition is set as the baseline level.
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Figure 2. Mean coherence scores in all conditions of Experiment 2, with error bars representing standard errors.
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difference of −1.49) and Addition (Correct items, difference of .99; Incorrect items, difference of
−1.65) than with Cause for Correct sentences—but not for Incorrect ones—this was not the case for
the Consequence connective (Correct items, .19; Incorrect items, 1.36). Again, this interaction effect
suggests that the main effect of correctness was mainly driven by Cause and Consequence.

Second, Exposure to print seemed to generally affect the understanding of Incorrect sentences, as
participants with Lower exposure to print mainly differed from participants with High exposure to print
when considering Incorrect sentences (difference of .63) compared with Correct ones (−.24). Note that this
effect was qualified by a three-way interaction, implying that this was not true for all connectives. As such,
the effect of exposure to print was mainly driven by Cause, Consequence, and Concession and by
participants with Low exposure to print scores. This three-way interaction effect also qualified the
interaction of Connective by Correctness. Namely, the effect of Correctness was mainly driven by Cause
and Consequence, and this was mostly apparent for those participants with Lower exposure to print.

Discussion

This second experiment was designed to assess whether participants’ performance with connectives would
increase when connectives frequently used in speech and writing were used instead of connectives limited
to the written mode while keeping the linguistic content of the related discourse segments constant across
the two experiments. Results from this experiment indicate that participants’ performance does indeed
increase with more frequently used connectives. The improvement is noticeable both for correct (the
overall score rose from 8.18 to 8.79) and incorrect uses (overall score rose from 6.17 to 7.41).

In this experiment, frequency effects were no longer observed, as en plus (addition)—the
connective with a markedly lower frequency in both speech and writing compared with the other
connectives in corpus data—yielded scores as high as those of mais (concession), the most frequent
connective in both speech and writing. Thus, when connectives are used in the spoken mode, not
only are they better mastered but their lower frequency does not lead to a detrimental effect,
contrary to what was observed for connectives from the written mode.

This experiment also uncovered another interesting finding for the study of individual variations among
adults. Exposure to print had a minimal effect on participants’ ability to judge connectives that were used
correctly, indicating that all of themhad a good grasp of these connectives. By contrast, the level of exposure
to print had a greater impact on participants’ ability to judge connectives that were incorrectly used,
especially for two of the four connectives: donc and to a lesser extent parce que. This result may be due in
part to the design of this experiment. Each connective was used incorrectly in one specific relation, and we
cannot exclude the possibility that some of these misuses might have been more conspicuous than others.
The distinction between positive and negative relations creates a highly noticeable incoherence. By contrast,
a discordance on the dimension of basic operation (additive or causal) leads to incoherence that is less
obvious. For example, when a consequence connective is used to mark an additive relation, readers still
look for a causal link between the segments, even though it seems very difficult to establish. This tendency is
explained by the causality-by-default hypothesis (Sanders, 2005), claiming that because causality creates
a high degree of coherence in discourse, readers will look for a causal relation between discourse segments.

Finally, this experiment also revealed that the low scores obtained for consequence and additive
relations in the first experiment were due to the difficulty of the connectives used to convey them
(aussi and en outre, respectively) rather than to more difficult experimental items. In the second
experiment, the scores for additive and consequence relations increased dramatically, from a global
score of 5.21 in the first experiment to 8.46 for additive relations and from 6.24 to 7.35 for
consequence relations. In the case of consequence relations, the overall improvement is less dramatic
because participants failed to correctly judge incoherent sentences, for reasons explained above. If
only correct uses are considered, however, the improvement is numerically much larger, from 7.44 in
Experiment 1 to 9.11 in Experiment 2.
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General discussion

The goal of this article was to assess the ability of adults to process connectives frequently used in the
written mode in their native language by focusing on two types of variations: On the one hand, we
compared variations between different connectives and, on the other, we measured individual variations
between participants. This study was therefore intended to contribute to the growing body of literature
assessing individual variations among adults and children, for which data in the domain of connectives is
still mostly lacking. In Experiment 1 we tested the role of three factors directly associated with
connectives to account for the higher processing difficulty of some connectives compared to others.
Namely, we chose connectives that vary in the complexity of the encoded relation, the connective
frequency, and their mono- or polyfunctional nature. We also assessed whether individual differences
in the ability to handle these connectives were dependent on their exposure to print, as measured by the
ART. Results from this experiment indicate that less frequently used connectives are indeed more
difficult compared withmore frequently used ones. The other factors directly associatedwith connectives
did not appear to play any role. We also found that the ability to handle these difficult connectives was
related to participants’ exposure to print. Experiment 2 provided further indication that a higher
exposure to print was also related to the ability to handle connectives used in both speech and writing.
But in this case this competence served mainly to correctly identify incoherent uses of connectives. In
addition, Experiment 2 provided further support for the claim that the difficulties that we uncovered in
Experiment 1 were due to the lower frequency of connectives in the written mode rather than the
difficulty of our experimental items, as the same relations yielded a higher score with more frequently
used connectives in Experiment 2, especially when the connectives were used correctly.

Our research thus adds to the growing body of literature demonstrating that individual variations
between adults exist and should not be ruled out as measurement errors (Kidd, Donnelly, &
Christiansen, 2017) and provides much needed data in the domain of discourse competence.
Results from our experiments are all the more important in view of the fact that many connectives
are seldom used in speech. Given that our experiments were limited to four connectives, further
studies are still needed before definite conclusions can be reached. Our study does indicate, however,
that the study of individual variations among adults is a promising avenue of enquiry, and that
frequency effects should be closely monitored in future work.

An important aspect of our experiments is that the connectives we used were all relatively frequent
compared with many other words and probably also compared with other connectives listed in the
French lexicon of discourse connectives LEXCONN, even though the database does not provide
frequency data (Roze et al., 2012). Given the role played by frequency in our experiments, it is therefore
likely that adults experience difficulties with many other connectives. Future research should seek to
more precisely determine the extent and importance of these difficulties with a broader range of
connectives in several different languages. If these difficulties are confirmed, this result would plead in
favor of limiting the range of connectives used in texts destined for very large audiences to very frequently
used ones or include only connectives used in both speech and writing.

Another effect that was found in both Experiments 1 and 2 is that incoherent sentences are more
difficult to correctly judge than coherent sentences. This effect replicates previous findings on connectives
(e.g., Zufferey et al., 2015). This seems to indicate that being exposed to an incorrect sentence may render
participants unsure about correct usage, leading them to overly judge incoherent sentences as coherent,
even though they would not spontaneously produce such uses. This is also reminiscent of the idea that
readers may often rely on shallow processing of sentences, as resulting representations may be perfectly
acceptable (e.g., Sanford & Graesser, 2006) or even simply good enough (e.g., Ferreira, Bailey, & Ferraro,
2002). In other words, readersmay be able to correctly judge incoherent sentences, yet, given the context,
a reasonable (i.e., good enough) understanding of these sentences may not grant a more thorough
examination of them. The reasons as to why participants struggle with incorrect sentences should be
examined in future work, as it may provide a better picture of the factors involved when assessing
participants’ ability to detect language misuses. Also, our experiments do not tell us exactly what kind of
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mental representation our participants formed on the basis of the incorrect sentences. Future experiments
will need to explore this aspect of comprehension to shed further light on the incorrect uses of connectives.

Our research led us to develop a French version of the ART and a written grammatical competence
test. Our experiments corroborated the results obtained in English, namely the fact that this test
correlates with various areas of competence in the written mode. The observed correlations do not
mean that reading more causes people to becomemore proficient with connectives, but only that the two
competences are linked. In fact, the nature of such a link is still to be determined, as it could well be that
another factor, such as working memory or more general competences, may be grounding the correla-
tions found in our experiments. We leave the examination of such factors for future work.

Taken together, our results provide a clear indication that less frequently used connectives from the
written mode represent an area of difficulty even for adults and that this difficulty is all the more
pronounced for people with less exposure to print and also less grammatical competences in the written
mode. These results therefore underline the necessity to conduct more research with adults without
taking their general language competences and the homogeneity of their exposure to print for granted.

Notes

1. The frequency of each connective was computed based on three corpora from different genres: Le Monde
corpus (journalistic), the French part of the Europarl corpus (argumentative), and the Jules Verne corpus
(literary). For polyfunctional connectives, connectives were searched for in only the sentence-initial position, in
which they have the relevant discourse function.

2. These frequencies were calculated by randomly selecting 200 occurrences and manually annotating each
function. The proportion of each function was extrapolated to the whole corpus.

3. The frequency of each connective in writing was computed based on the same three corpora as in Experiment 1. The
frequency in speech was based on three corpora from France (CLAPI), Switzerland (OFROM), and Canada (CQFP).
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