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A language user must rely on several different abilities to carry out a conversation, e.g. the 
ability to acknowledge the conversational contributions of others, to respond appropriately, 
to stay on topic, etc. There are many aspects of the development of conversational conduct 
that are yet unknown. In this study, the longitudinal development of conversational conduct, 
as in acknowledging one’s interlocutor’s previous turn, was traced from age 5;0 to 7;2. We also 
investigated whether conversational conduct was predicted by core language skill, executive 
functions, and specific pragmatic abilities. Previous findings of productive morphosyntactic 
accuracy were replicated, while findings concerning longitudinal receptive vocabulary were 
not. We also found connections between childrens’ conversational responses and executive 
functions, working memory, and the comprehension of conversational implicatures. The results 
suggest that conversational conduct is dependent on inferring communicative intentions, as 
well as being able to keep track of others’ contributions and how they relate to previous turns.
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1. Introduction
There are few other situations in which a language user displays her linguistic and extra-linguistic 
abilities as much as in face-to-face conversation. During first language acquisition, a child must 
learn to take several components into consideration when engaging in conversation, such as 
acknowledging what others have said, staying on the conversational topic, as well as furthering 
it. In the current study, the aim is to understand to what degree fundamental conversational 
behaviours, like acknowledging the turns of others, develop during middle childhood, and to what 
degree this development relates to other developing abilities, such as core language ability and 
executive functions. The current study is a first step towards answering questions concerning what is 
more important during the development of conversational conduct: inferential processes and social 
aspects of the interaction, or abilities that allow for structural aspects of interaction to be facilitated. 

When talking about conversation, we refer to the interactional conduct where two or more 
language users take turns in a cooperative fashion (Grice, 1975) to send and receive communicative 
linguistic messages. A key aspect of carrying out a conversation is to acknowledge what one’s 
interlocutor has said. This acknowledgement is part of the conduct referred to as conversational 
contingency. The notion of conversational contingency stems from a paper from Bloom, Rocissano, 
and Wootten (1982), in which they define contingent speech as utterances that (i) share the topic 
of the preceding utterance and, (ii) add information to it (1976: 528). Bloom et al.’s definition 
has since been adopted in studies examining naturalistic conversations in both typically and 
atypically developing children (Capps et al., 1998; Hale & Tager-Flusberg, 2005; Hoff-Ginsberg, 
1998; Nadig et al., 2010; Tager-Flusberg & Anderson, 1991). Previous results show that adult 
conversationalists excel at acknowledging their interlocutor’s previous turns, by following both 
or simply the first of Bloom et al.’s criteria. When examining the percentage of turns in which 
adults acknowledge their partner’s previous turn, 92% (Pagmar, 2023). Children, however, do 
not display the same conversational behaviour. When comparing percentages, Swedish five-year-
olds acknowledged their interlocutor’s previous turn far less than adults (51% of total number of 
responses) (Pagmar et al., 2022). We know that children get better as communicators during the 
later preschool years (e.g. Wanska & Bedrosian, 1985), but we do not yet know the developmental 
trajectory of acknowledging one’s interlocutor’s previous turn. 

There are several different components that can be taken into consideration when using the 
term conversational conduct. In the current study, conversational conduct is used in reference 
to the conversational outcome measures (presented below), in particular the fundamental 
conversational behaviour of acknowledging one’s interlocutor’s previous turn.

Conversational conduct is likely dependent on a number of abilities. Aspects of conversational 
ability have been connected to receptive vocabulary, working memory, SES, etc. In the current 
study, we investigate three potentially important skills: core language, executive functions, and 
specific pragmatic abilities: 1. Core language: Previous findings (Pagmar et al., 2022) suggest 
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that children’s appropriate responses at the age of 5;0 were predicted by receptive vocabulary at 
the age of 4;0, as measured by the PPVT-4 (Dunn & Dunn, 2012). However, in the same study, 
concurrent measures of morphosyntactic accuracy did not show any effect on conversational 
conduct. 2. Executive functions: Although the evidence for a relationship between conversational 
conduct and executive functions is sparse, findings from Blain-Brière, Bouchard, and Bigras (2014) 
showed the number of children’s utterances during semi-naturalistic conversation was negatively 
correlated with measures of inhibition and their willingness to respond to their interlocutor was 
positively associated with working memory. 3. Specific pragmatic abilities: Conversation is 
the conduct in which specific pragmatic abilities are displayed the most. Conversationalists need 
to make inferences, keep track of referents, follow social norms, etc. However, recent findings 
on children, aged 7;0–12;0, suggest no strong relationship between different types of specific 
pragmatic abilities, such as Implicature Comprehension, Local Textual Inference, and Pragmatic 
Violations (Wilson & Bishop, 2022). It is therefore of interest to examine how different pragmatic 
abilities, such as comprehension of conversational implicatures, referential production, etc., 
relate to conversational conduct during development.

In the present study, we examined the development of specific types of conversational 
behaviours in semi-naturalistic conversations. We made additional observations with the same 
participants as in Pagmar et al. (2022), two years after the first observations. This allowed 
us to compare individual children’s conversational conduct and how it had changed from age 
5;0 to 7;2. In addition to the conversational data, we obtained measurements of core language 
ability, executive functions, as well as a set of specific pragmatic abilities: comprehension of 
conversational implicatures, referential production, audience design, and narrative skill.

We entertain three potential outcomes concerning how the conversational conduct related 
to the other abilities that we were taking into consideration: (O1) To follow a conversational 
topic, a conversationalist must make sense of the content of their partner’s contributions. If A 
struggles with making inferences about B’s intentions, then A will have a hard time trying to 
provide contingent and appropriate responses. In this sense, we can at least think of parts of 
conversational conduct as a social pragmatic ability (Andrés-Roqueta & Katsos, 2017). If this 
is the case, then we can expect to see conversational conduct being explained by measures 
of pragmatic ability, specifically, comprehension of conversational implicatures. The included 
measures that test inferential processes of different levels (specifically, implicatures, audience 
design, referential production and narrative skill) are expected to agree with this suggestion. It 
is also possible that (O2) the conduct of acknowledging one’s interlocutor’s previous turn relies 
more heavily upon abilities such as executive functions, e.g. working memory. If that is so, then 
conversational conduct is perhaps not as dependent on pragmatic inferences. A can infer what 
B’s intentions are, but mainly needs the ability to keep track of communicative content to be a 
good conversational partner. The included measures that test executive functions (the Wisconsin 
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Card Sorting Task and Backward Digit Span) are expected to agree with this suggestion. Another 
possibility is (O3): pragmatic abilities and executive functions are both important and work 
simultaneously, together affecting conversational behaviour, as well as each other. 

In the literature, core language skill is the factor that has been shown to correlate with 
different aspects of children’s pragmatic competence (Bernard & Deleau, 2007; De Rosnay et al., 
2014). The inclusion of core language measures is therefore key when determining which factors 
aid conversational conduct specifically.

Throughout the paper, we will follow the same presentation structure. with four overarching 
headlines: 1. development of conversational conduct, 2. conversation and core language, 3. 
conversation and executive functions, and lastly, 4. conversation and specific pragmatic abilities. 

1.1 Conversation during the later preschool years
Engaging in conversation is essential for making and maintaining friendships (see e.g. Hazen & 
Black, 1989) as well as when collaborating on problem-solving activities both in school and in the 
workplace. It is by no means a given that all measures of conversational and communicative skill 
will develop from the later preschool years, up to school start (≈ 5;0–7;0).1 In this section, we 
present studies showing contrasting results on conversational and communicative development 
during this developmental period.

Yliherva et al. (2009) investigated Finnish children’s conversational ability, using the 
Children’s Communication Checklist (Bishop, 1998). The results showed that Finnish four-year-
olds differed from six-year-olds on two of the checklist’s subscales: the Syntax subscale (grammar 
ability) and the Coherence subscale (to represent past and future events). Five-year-olds differed 
from the six-year-olds on the ability to use non-verbal communication such as eye contact, facial 
expression, gestures, etc. On the other hand, the subscale Use of Context (to comprehend and 
express utterances in different contexts in a relevant way) did not show a significant difference 
between the ages four and six.

There are other aspects of linguistic communication that remain unchanged from age four 
to six. Turkish children’s use of demonstratives during age-paired dyadic interaction showed no 
reliable change between 4;0 and 6;0, but both ages differed in demonstrative distributions when 
compared to adult conversation (Küntay & Özyürek, 2006).

There are several studies on communicative development below the age of 5;0: conversational 
repair skills between 1;0 and 3;10 show that children have an emerging recognition of what is 
required of them by others during conversation (Forrester & Cherington, 2009); quality of preschool 
and specifically measures of teachers’ instructional interactions and teachers’ emotional interactions 
predicted aspects of both social and language development at 4;0 (Mashburn et al., 2008); parental 

 1 In Sweden, children start first grade in the year that they turn seven.
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input influences and guides pragmatic behaviours, for example indirectness, for children between 
2;11–4;3 (Becker, 1994). These three findings alone exemplify that there are several factors, both 
internal and external to the child, that affect the development of language use.

In the current study, we were concerned with children’s development as linguistic 
communicators, specifically, the conduct of acknowledging one’s interlocutor’s previous turn in 
conversation. Based on prior research, we can expect that syntactic ability, logically structured 
accounts of events, and gestural abilities are improving between 5;0 and 7;2, but we do not 
know how conversational conduct in itself is developing during the same period. We will offer an 
overview of how the conversational ability can be connected to core language ability, executive 
functions, and other specific pragmatic abilities.

1.1.1 Conversational conduct in the current study
We will now present how conversational conduct is represented in the current study.

We investigated the development of specific conversational behaviours from 5;0 to 7;2. 
The conversational responses of our participants were categorised in accordance with a coding 
scheme (Abbot-Smith et al., 2021; Pagmar et al., 2022), tracking conversational contingency in 
four types of responses:

I. to add information and further the topic

II. to acknowledge what was previously said (whether it furthers the topic or not)

III. to not acknowledge what was previously said

IV. to not respond at all

In the current study, percentages of types II-IV were held as the outcome measure, since these 
types directly track the conversational conduct of acknowledging the other’s turn. Previous 
results have presented proportions of different types of conversational responses from children at 
5;0: appropriate responses (corresponding to type II, considered a positive measure) mean = 51%, 
sd = 17%; non-contingent responses (corresponding to type III, considered a negative measure) 
mean = 2.8%, sd = 3.5%; and missing responses (corresponding to type IV, considered a negative 
measure) mean = 12%, sd = 7% (Pagmar et al., 2022). The results showed a conversational 
conduct where children at the age of 5;0 failed to acknowledge half of their interlocutor’s turns.

In light of the studies on linguistic and extra-linguistic development presented above, we were 
inclined to ask whether or not these proportions would increase during the last years of preschool. 
We could assume a traceable development of increasing positive conduct, like the increase of 
Coherence and Report subscales in the CCC results in Yliherva et al. (2009). This result would 
also be in line with findings on communicative development from Wanska and Bedrosian (1985). 
However, the conduct of acknowledging one’s interlocutor’s turn could also stay roughly the same 
between ages 5;0 and 7;2, similar to the Use of Context subscales, also from the CCC results in 
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Yliherva et al. (2009) or frequencies of different demonstratives in Turkish children (Küntay & 
Özyürey, 2006). There is no previous descriptive account of the development of acknowledging 
one’s interlocutor’s turn. The current study is a first step in providing such an account.

We made additional observations with the same participants as Pagmar et al. (2022) and the 
same conversational analysis was conducted.

1.2 Conversation and core language
The term core language is used here to refer to a child’s productive and/or receptive vocabulary and 
grammar skills. Early measures of vocabulary show a strong correlation with later language skill 
(Lee, 2011; Rowe et al., 2012; Song et al., 2015). Assessments of vocabulary and grammar are often 
correlated during development (Fenson et al., 1994; Hoff et al., 2018; Wilson & Bishop, 2022).

Core language has also been connected to several pragmatic abilities in both typical (e.g. 
Foppolo et al., 2021; for overview see Matthews et al., 2018) and atypical development (Capps et 
al., 1998; Hale & Tager-Flusberg, 2005). In atypical development, these findings are specifically 
connected to conversational behaviour, providing additional indications of a strong relationship 
between core language and conversational conduct.

Knowing the meaning of words is likely to facilitate the child’s focus on other/social aspects of 
a conversation. This is also the interpretation made by Pagmar et al. where receptive vocabulary at 
4;0 predicted two conversational measures at 5;0 (Pagmar et al., 2022): it was a positive predictor 
for child responses that acknowledged the previous turn and a negative predictor for missing turns 
(instances where +2 sec passed without the child offering any response to their interlocutor). 
The suggested explanation for this relationship is that early word-learning enables an individual 
to focus on social aspects of linguistic communication to a higher degree. Therefore, it was of 
interest to examine if receptive vocabulary at 4;0 still predicted conversational conduct beyond 
the age of 5;0. If it did, it would provide further indications that early receptive vocabulary lays 
a foundation for later conversational conduct.

Previous results show no relationship between productive morphosyntactic accuracy and 
conversational outcome measures2 (Pagmar et al., 2022), which in a sense contrasts with the results 
for receptive grammar in Wilson and Bishop (2022). The relationship between conversational 
conduct and morphosyntactic ability must therefore be examined further.

1.2.1 Core language in the current study 
The participants in the current study were part of a pre-existing longitudinal dataset, the MINT 
project. They were the same individuals that were observed at 5;0 in Pagmar et al. (2022). 

 2 Pearson’s R from Pagmar et al. (2022) for morphosyntactic accuracy vs. appropriate responses = 0.06.
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Following the previously found evidence of a relationship between receptive vocabulary at 4;0 
and conversational conduct at 5;0, we wanted to extend the longitudinal gap and examine if 
receptive vocabulary was still a positive predictor of conversational conduct at 7;2. Observations 
of receptive vocabulary, PPVT, were part of the pre-existing longitudinal dataset, in which all 
subjects in the current studies were participants. In line with the evidence from the previously 
found relationship between receptive vocabulary and appropriate conversational responses, we 
expected that measures of the children’s receptive vocabulary at 4;0 would provide a longitudinal 
positive prediction of appropriate conversational responses at 7;2, and a longitudinal negative 
prediction of missing conversational responses at 7;2.

Pagmar et al. (2022) found no connection between conversational conduct and productive 
morphosyntactic accuracy at 5;0. To follow up on this result, we also tested the relation between 
a contemporary measure of morphosyntactic accuracy and specific conversational responses. 
Following Pagmar et al., we expected no reliable relationship between morphosyntactic accuracy 
and conversational responses. On the other hand, children at age 7;0–11;0 in Wilson and Bishop 
(2022) showed connections between grammatical skill and several pragmatic abilities. Children in 
the current study were all age 7;2. It is possible that morphosyntactic accuracy and conversational 
responses will be connected, in line with Wilson and Bishop. Core language abilities (vocabulary 
and morphosyntactic accuracy) are not necessarily dependent on socio-communicative skills (see 
e.g. Kissine, 2021). A strong predictive relationship between core language and our conversational 
measures could suggest that conversational conduct is less reliant upon social knowledge and 
taking another person’s perspective and more affected by formal language skill.

1.3 Conversation and executive functions
In this section, the general relationship between language use and executive functions (EF) 
is described briefly, followed by questions concerning conversation and executive functions 
specifically.

It has previously been suggested that conversational conduct is aided by interlocutors relying 
on a set of EF that govern parts of this conduct, such as sufficient attention-span, cognitive 
flexibility, working memory, shifting perspective, updating, and inhibition (Brocki & Bohlin, 
2004). During development these abilities are often treated as one unitary cognitive function 
(Fuhs & Day, 2011; Wiebe, et al., 2008).

Studies on the developmental relationship between EF and pragmatic ability in general, and 
conversational ability in particular, are sparse (Bendtz, et al., 2022; Blain-Brière et al., 2014; for 
overview see Matthews et al., 2018). As previously stated, Blain-Brière et al. (2014) found that 
the variable “talkativeness” (the number of utterances during a semi-structured conversation) 
showed a negative relationship to measurements of inhibition, while “responsiveness” (the 
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number of utterances that acknowledged a conversational partner’s turn) showed a positive 
relationship to measurements of working memory. When examining children’s pragmatic ability 
more generally (ages 4;0–5;0), Nilsen and Graham (2009) found no connection between their 
cognitive flexibility and pragmatic production or comprehension. These findings, together 
with the ones from Blain-Brière et al. suggest that executive functions may be connected to 
conversational contingency but not to pragmatic competence in general, which agrees with the 
second possibility (see Section 1, outcome 2), that conversational conduct is not mainly dependent 
on pragmatic inferences, but rather on keeping track of information. In Pagmar et al. (2022), 
an early measure (obtained at 2;9) of short-term memory showed no predictive relationship for 
conversational outcome measures at 5;0. Due to the young age of the participants, this result was 
interpreted as representing knowledge of numbers rather than short-term memory.

1.3.1 Executive functions in the current study
In the current study, cognitive flexibility was assessed through the Wisconsin Card Sorting Task 
(WCST) (Lehto, 1996), and working memory through Backward Digit Span (BDS).

The WCST provides two groups of measures: a group of global measures and a group of 
measures on perseverative performance. The global measures have been shown to highly correlate 
with working memory measures (Lehto, 1996; Stratta et al, 1997). Perseverative errors have 
previously been used for testing cognitive flexibility in general (Van Eylen et al., 2011) although 
they have also been shown to be highly correlated to measures of visual working memory in 
children (Huizinga, et al., 2006). Previous research has shown that cognitive flexibility correlates 
with aspects of productive language use (i.e. quality of descriptions in Bacso and Nilsen, 2017), 
but connections to conversational conduct have not previously been tested. If WCST shows 
connection to the conversational measures, it would strengthen the idea of cognitive flexibility 
as part of productive language use.

One ability that is needed in a conversation is being able to keep track of conversational 
topics. Conversationalists need to link new turns to previous ones. A positive correlation between 
conversational conduct and working memory tasks would thus be expected. Following Blain-
Briere et al. (2014) we could also expect working memory to correlate negatively with the lack of 
the same conduct. If Nilsen and Graham’s model holds, in which general pragmatic competence 
did not correlate with cognitive flexibility (2009), then we would expect no strong relationship 
between perseverative errors and conversational responses. On the other hand, if conversation 
requires keeping track of different speaker goals (inhibiting some, switching to others), then 
cognitive flexibility may have a larger role to play. Predictive relationships between measures 
of EF and conversational conduct would provide an indication that conversational conduct is 
aided by swift updating of one’s beliefs in accordance with new information and strong online 
representations of conversational content.
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1.4 Conversation and specific pragmatic abilities
Pragmatic ability can be described as a multifaceted online capacity to govern the inference of 
meaning (intentional content) in both receptive and productive communicative signals. Several 
more or less specific abilities are categorised as part of pragmatic ability, e.g. indirect language use 
and conversational implicatures, referential production and resolution, altering signals in relation 
to different interlocutors, narrative ability, etc. Most of these abilities share a common feature: they 
are used to prompt or obtain intentional content. With this said, there is no or little empirical data 
suggesting that pragmatic ability must be understood as one developmental ability. On the contrary, 
Wilson and Bishop (2022) assessed the pragmatic comprehension abilities of 400 children, ages 7;0–
13;0, and the result showed quite minor correlations between tests of specific pragmatic abilities3. 
They concluded that task-specific skills played an important role in the children’s performances and 
suggested that pragmatics at large might be best understood as a set of different skills, rather than a 
specific domain, and that different pragmatic skills can stem from different cognitive underpinnings.

Specific pragmatic abilities of children, in the age span of interest for the current study, 
have been widely studied during the last few decades. One example is children’s comprehension 
of scalar inferences (Foppolo, et al., 2021; Katsos, 2014; Noveck, 2001; Pagmar et al., in prep; 
Papafragou & Tantalou, 2004). When turning to the literature, it is apparent that studies on 
connections between pragmatic skill and other cognitive abilities have been much less studied 
and then mainly focused on pragmatic comprehension (e.g. Wilson & Bishop, 2022), with less 
attention directed towards pragmatic production. Therefore, in the current study, we test three 
abilities of pragmatic production (referential production, audience design, and narrative skill), 
as well as one of pragmatic comprehension (conversational implicatures).

1.4.1 Pragmatic abilities in the current study
In the current study, we examined the relation between conversational conduct and four 
aspects of pragmatic comprehension and production. The first aspect was the comprehension of 
conversational implicatures (Grice, 1975), i.e. the conduct of stating something by saying something 
else, e.g. saying It’s rather cold in here, isn’t it?, when you want someone to close the window. 
Conversational implicatures were tested through an adapted version of a task constructed by 
Wilson and Bishop (2019). The second ability was referential production in a multiple features task, 
which measures the conduct of assigning sufficient and necessary information when marking 
referents on the basis of e.g. temporal, spatial, or general knowledge factors. A similar task 
has previously been conducted by Dahlgren and Sandberg (2008). The third ability: audience 
design (AD) is the conduct of adjusting the communicative signal with the conversation partner/

 3 Wilson and Bishop (2022) tested a novel online assessment battery with four separate tests of different pragmatic 
abilities: Implicature Comprehension Test, Children’s Test of Local Textual Inference, Pragmatic Violations, and 
Social Overtures.
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audience in mind. AD is also a productive pragmatic ability and was measured with a novel design 
(Arvidsson et al., 2022; Pagmar et al., 2021). Lastly, the fourth ability considered was narrative 
skill, the ability to follow conventional form, e.g. chronology, when presenting a sequence of 
utterances for the purpose of representing connected actions and/or events. Narrative skill was 
tested through an adapted version of the MAIN test (Gagarina et al., 2019). Narrative production 
can be thought of as less of an interactional component when compared to the other abilities. 
However, it is a productive pragmatic ability that relies on inferential processes (e.g. Bohnacker 
& Gagarina, 2020; Filiatrault-Veilleux et al., 2016).

All pragmatic measures included in the current study entail inferential processes, although of 
different kinds. For a conversationalist, a conversational implicature entails making inferences 
about what someone else wants to communicate, while audience design entails making inferences 
about what someone else knows. If conversational conduct mainly relies upon making pragmatic 
inferences, in line with our first suggestion of outcomes (O1), then we expect to see correlations 
between these measures and the conversational measures.

Three productive tasks were chosen, since production has been less examined than 
comprehension when it comes to pragmatic skills (and language skills in general). The inclusion 
of the Implicature Comprehension Task, also allows for investigation of whether productive 
and comprehensive tasks converge. Without making a claim concerning the factors that govern 
conversational conduct, it is true that the act of providing contributions to a conversation is a 
productive task. Therefore, it is of interest to see how it relates to other productive abilities.

Among the reasons for why we should entertain the idea of a discrimination between pragmatic 
production and comprehension, there is a asymmetry account: Mognon et al. (2021) concludes 
that the comprehension of some requires the hearer to consider the speaker’s perspective, but 
never the other way around. The speaker is not considering the hearer and this could in turn 
explain results linking comprehension, but not production, of scalar terms to the development of 
theory of mind (2021: 12).

All these aspects of language use have the potential to affect the conversational conduct of the 
developing child, but to what extent they are connected is unknown. If acknowledging previous turns 
relies more on drawing inferences about the intentions of others, then we would expect agreement 
between comprehension of conversational implicatures and positive conversational conduct. As an 
additional exploratory investigation, beyond connection to conversational conduct, we also analysed 
how the specific pragmatic measures related to one another, as well as to core language and EF.

1.5 Summary
Throughout Section 1, we have outlined a series of questions connected to the development of 
conversational conduct, in terms of acknowledging one’s interlocutor’s previous turn, and how it 
is connected to other developmental abilities. We have presented the sometimes sparse literature 
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that directly or indirectly relates conversational conduct to core language ability, executive 
functions, and specific pragmatic abilities. To summarise our expected findings for all these 
abilities, we list them below in the same order that is employed throughout the paper:

Conversational conduct

We examined conversational conduct longitudinally, comparing proportions of individual childrens 
different types of conversational responses between 5;0 and 7;2. We expect the proportion of 
responses that acknowledge one’s interlocutor’s previous turn to increase at group level, based 
on previous findings (e.g. Yliherva et 2009). No previous study on children, to the best of the 
authors’ knowledge, has examined this development longitudinally with conversational data.

Conversational conduct and core language

We investigated the relationship between core language (receptive vocabulary and morphosyntactic 
accuracy) and conversational conduct. We expected receptive vocabulary observed at 4;0 to predict 
conversational conduct at 7;2., and this would indicate that early receptive vocabulary is a facilitator 
for later conversational conduct. There were two possible outcomes for concurrent morphosyntactic 
accuracy: (1) morphosyntactic accuracy would show no reliable connection to conversational 
conduct, in line with previous findings at 5;0 (Pagmar et al., 2022), or (2) it would correlate 
positively with conversational conduct, in line with findings of connections between grammatical 
knowledge and receptive pragmatic abilities for ages 7;0 and above (Wilson & Bishop, 2022). A 
connection between morphosyntactic accuracy and conversational conduct could be held as an 
argument for conversational conduct relying more heavily on development of formal knowledge as 
the children enter school.

Conversational conduct and executive functions

We investigated the relationship between aspects of executive functions and conversational 
conduct. We did not propose a strong directive hypothesis between the WCST and conversational 
responses, following e.g. Nilsen and Graham (2009). However, no previous study, to the best 
of the authors’ knowledge, has investigated children’s executive functions and conversational 
conduct specifically.

We expected a positive relation between working memory and appropriate responses, in 
line with Blain-Brière et al. (2014). A positive connection between conversational conduct and 
working memory would strengthen the hypothesis that conversational conduct relies more on 
keeping track of communicative content, rather than just being good at making inferences.

Conversational conduct and specific pragmatic abilities

We investigated the relationship between conversational conduct and four specific pragmatic 
abilities (comprehension of conversational implicatures, referential production, audience 
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design in production, and narrative skill in production). The outcomes will be treated as a first 
step in answering the question concerning what is more important during the development of 
conversational conduct: inferential processes and social aspects of the interaction, abilities that 
allow for structural aspects of interaction to be facilitated, or both.

2. Method
Parts of this section have previously been published in a pre-registration on Open Science 
Framework.

2.1 Participants
All children were participants in the longitudinal project MINT (Gerholm, 2018). The initial 
conversational measures were obtained for a sample of 40 children at 5;0 (recorded within two 
weeks of their birthday). The later conversational measures and all other measures of pragmatic 
skill, executive function, and grammar were obtained from a sample of 50 Swedish speaking 
children, all at the age of 7;2 (recorded within two weeks of the stated age). Receptive vocabulary 
was previously obtained at the age of 4;0, for all of the 50 subjects that participated at 7;2. 
Thirty-four of the subjects participated at both the 5;0 session and the 7;2 session.

2.2 Experimental procedure
All measurements were collected in a laboratory setting at the Department of Linguistics, 
Stockholm University. All test sessions were video and audio recorded. Two experimenters took 
turns carrying out the different tests. The tests were carried out on a laptop with the screen facing 
the child. An experimenter sat beside or opposite from the child throughout each test session. For 
one test (Backward digit span), the experimenter had an additional laptop to annotate the results 
in real-time. After all tests had been completed, one of the test leaders (the first author) and the 
child had a >10 min conversation. Tests were implemented through PsychoPy, PsyToolKit, or 
delivered manually. Test scores were obtained through the utilised software or through manual 
annotation of the recorded data in ELAN (2022).

2.3 Tests and measurements
Tests and measurements are outlined below in the following order: conversational measures, 
tests of core language ability, tests of executive functions, and lastly, tests of specific pragmatic 
abilities.

2.3.1 Conversational contingency
The experimenter sat across from each participating child for a >10 min conversation. The same 
experimenter (the first author) carried out all conversations. The conversations revolved around 
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starting first grade. To make the conversations as uniform as possible while still allowing for 
free interaction, the test leader produced 12 predetermined utterances (Appendix 2), spread out 
over the 10 minutes of interaction. All children had met and interacted with the experimenter 
on several previous occasions. The conversational data was coded in accordance with the coding 
scheme for Conversational Contingency (Abbot-Smith et al., 2021). Every turn that the child 
took in response to the researcher during the conversation, both following the predetermined 
utterances and during the free interaction, was categorised as follows:

contingent,

defined as an appropriate, informative and on-topic response to the experimenter’s prior 

utterance or question.

non-contingent,

defined as utterances that do not maintain the topic of the previous utterance or question.

minimal response,

defined as utterances with little semantic weight, such as “Yeah” or “Wow”. One-word utter-

ances are normally coded as minimal.

other,

defined as responses on the part of the child or the experimenter that do not fit into any of 

the other categories.

missing response,

defined as the occurrence of the child not providing any vocal or gestural response for >2 sec. 

following the experimenter’s turn, and the experimenter once again taking a turn.

An additional measurement was obtained by adding together responses labelled contingent and 
minimal response. This additional measure contained all responses in which the child directly 
acknowledged the experimenter’s previous turn. We call this measurement appropriate responses.

The outcome measurements consisted of the proportion of responses, calculated by taking the 
number of the categorised responses and dividing each by the total number of responses during 
the conversation. Each of the three outcome measures (appropriate responses, non-contingent 
responses, and missing responses) will be analysed separately.

2.3.2 Tests of core language
2.3.2.1 Receptive vocabulary

The Peabody Picture Vocabulary Test, PPVT-4 (Dunn & Dunn, 2007) is a task that is widely 
used for assessing receptive vocabulary. The test was conducted at 4;0. The test was adapted for 
Swedish participants (Ahlström & Ljungman, 2011), and since the test has not been standardised 
on a Swedish sample, raw scores were used in the analyses.
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2.3.2.2 Morphosyntactic accuracy

Morphosyntactic accuracy was gathered from the narrative production data (2.3.4.4). It was 
measured through an adapted version of a core language skill scoring scheme (Gerholm et al., 2019; 
Tonér & Gerholm, 2021), which provides an accuracy score, calculated as % well-formed clauses. 
This measure has previously been used to represent grammatical skill (Pagmar et al., 2022).

2.3.3 Tests of executive function
2.3.3.1 Wisconsin Card Sorting Task

The test was carried out on a laptop. Four images of objects were displayed on the screen. They 
differed in shape, number and colour. In the lower left corner, an image appeared that had either 
the same shape, colour or number of objects as any of the four images the child had already 
seen. The child’s task was to match the lower left image with one of the four images, based on 
a rule of combination unknown to the child. This was done through trial-and-error and if the 
match was correct, a specific sound confirmed the match. If the match was incorrect, there was a 
sound telling the child that the match was wrong. The child was instructed to continue with one 
strategy, once they had found the right match. After a number of trials, the rule of combination 
changed, and once again there was a sound telling the child that the match was wrong. They then 
had to change their strategy and sort the images according to one of the other two possibilities 
(shape, colour, number). The test provided important information about the child’s ability to 
keep in mind which quality (colour, shape, number) was last used when it was time to change 
strategy, as well as the child’s ability to change strategy when required.

We used the raw score of perseverative errors (the number of occasions when the child 
continues with the same response strategy following a rule switch during the test) as the measure 
for the analyses.

2.3.3.2 Backward digit span

Backward digit span is used as a measure of working memory (e.g. Nilsen & Graham, 2009). The 
test was conducted by an experimenter, sitting across from the participant. The experimenter 
read a series of non-chronological numbers, one at a time, and the participant was asked to 
repeat the numbers in reverse order. The length of the series of numbers was increased by one 
digit every second series. If the participant made two errors in a row, the test was terminated. 
The number of correct series was used as the measure for the analyses.

2.3.4 Tests of Pragmatic Abilities
2.3.4.1 Multiple features task

The task stems from “the referential communication task” (Dahlgren & Sandberg, 2008). The 
experimenter presented sets of four pictures to the child. In each set, the pictures shared several 
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different characteristics. The child was asked to describe specific images for the purpose of 
pointing them out to a third party (a fictional person). There were four potential characteristics 
that were altered between the pictures. Each child was presented with a total of eight sets of 
pictures. To make the task age adequate, four pictures per set instead of the original 16 per set 
were used, following a pre-test (n = 5). 

Verbal answers for the Multiple features task were coded in accordance with Dahlgren and 
Sandberg’s efficiency score (2008: 339): “total number of mentioned relevant features minus 
total number of irrelevant features, divided by maximum possible number of relevant features”. 
We refer to this measurement as the Multiple features task.

2.3.4.2 Audience design

The audience design task was designed to investigate/assess the child’s ability to take an 
interlocutor’s frame of reference (or “world knowledge”) into account. The child was presented 
with sets of four pictures of figures, animals, and people. The child was asked to refer to specific 
pictures, with characters who were well known to the child (controlled by pre- and post-test 
surveys), in order to point them out to a third party. The third party, a fictional elderly lady, who 
was described to the child as “very old”, did not share the child’s frames of reference regarding 
cultural phenomena and proper names of figures. The child was told to record messages to the 
elderly lady, so that she could identify specific pictures when she was presented with the same set 
of pictures at a later occasion. For example, a child was asked to say something so that an elderly 
lady could identify an image of the fictional character Steve from the videogame Minecraft. The 
child needed to assess the frame of reference of the elderly lady to provide sufficient descriptions. 
To describe characteristics that could identify the image regardless of world knowledge would be 
compatible with proper use of audience design. To only use the name Steve, of Minecraft, would 
not be compatible with proper use of audience design, since the child is not justified in assuming 
that the elderly lady knows about Minecraft. Each child was presented with a total of 12 sets.

A pre-test survey was used to corroborate that the stimuli used corresponded to a typical 
seven-year-old’s frame of reference (n = 24). A list, compiled from the survey answers, was 
shown to the parent of the participating child at the beginning of the test session. The parents were 
asked to mark the referents that they knew that their child was familiar with. The experimenter 
then assembled a participant-specific test, based on the parents’ answers. After the test, the child 
was once again shown all pictures of the relevant referents and was asked to name each one. 
Trials where the child did not know the name of the referent (30 out of 803 trials) were excluded 
from further analysis.

We divided the group by asking: throughout these twelve trials, did the subject at any time 
exemplify a behavioural response that was in line with appropriate audience design, “yes” or 
“no”. The reason for making this division was to separate the sample into easily interpretable 
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groups. What was obtained was a dummy variable: did show signs of AD = 1, did not show signs 
of AD = 0. The measure divided the sample in half (51% = 1, 49% = 0).

2.3.4.3 Implicature comprehension test

The test was based on the implicature comprehension test (Wilson & Bishop, 2019). Participants 
watched short films containing question-answer pairs. In the test condition, the answers in 
the film generated an implicature, meaning that the implied meaning of the answer did not 
correspond to its literal meaning and had to be accessed through inference. The child was then 
asked a direct question to determine the speaker’s intention. Example: The girl in the video says, 
“Should I increase the heat in this room?”. The boy in the video answers, “I just took off my jumper”. 
The child is asked the following question: “Do you think the boy wants the girl to increase the heat in 
the room?”. If the child comprehends the conversational implicature, they should respond “no”, 
which would be registered as the correct answer. The child was presented with three options 
when answering: “yes”, “no”, and “I don’t know”. The test measures individual differences in the 
ability to understand conversational implicatures.

A total of 20 videos were shown to each participant (18 experimental trials in total; 6 yes, 12 
no trials). All videos were translated from English to Swedish. To exemplify and establish “I don’t 
know” as a valid answer from the child’s point of view, the participant was shown two initial 
videos that contained uninformative answers (i.e. a boy says, “Do you think your brother will 
come?”, and a girl replies: “I can’t remember what he said”). All trials consisted of a subset of the 
films created by Wilson and Bishop (2019). The subset was chosen based on ease of translation 
into Swedish, if the implicature was coherent in a Swedish context, as well as age-adequacy. 
Analyses were carried out with the number of correct responses.

2.3.4.4 Narrative production

The task is part of a larger test battery, Multilingual Assessment of Narratives (Gagarina et al., 
2015). Two experimenters took part in the testing. Initially one experimenter and the child sat 
across from each other in the recording room. The experimenter handed the child a small book, 
containing six pictures, presented two at a time, and the participant was asked to look through the 
pictures. The pictures were ordered to convey a specific story structure. The experimenter then 
asked if the participant could tell this story to a second experimenter. The child was told that the 
second experimenter had never before heard or seen this specific story. The second experimenter 
entered the room, while the first experimenter stepped outside, and the participant told the story 
to the second experimenter. We used two experimenters so the child could address a listener that 
had no previous experience with the story material (at least to the best of the child’s knowledge). 
In doing so, the child needed to present referents and events in an appropriate way for the story 
to make sense.



17

The narrative production task is coded in accordance with the Multilingual Assessment 
Instrument for Narratives (MAIN) coding scheme for free narrative production (Gagarina, et al., 
2019). The narrative data is assigned a score between 0 and 17, where a higher score represents 
a more detailed and conventionally adept narrative structure.

2.4 Statistical analyses
In the following subsections, we present the specific statistical analyses used to answer the 
research questions and the order in which they were conducted. All analyses were conducted 
with the programming language R (version 4.1.2). The full R-script, including all analyses, can 
be found at OSF.

2.4.1 Initial data quality evaluation
Each measure was evaluated for normality through a Shapiro-Wilk’s test. If the test showed 
a significant result, the measure was rank transformed using a rank-based inverse normal 
transformation using the RankNorm function in the RNOmni package (McCaw, 2022). The 
measures that showed significant Shapiro-Wilk’s test results included: non-contingent responses, 
missing responses, multiple features task, MAIN, backward digit span, morphosyntactic accuracy. 
Outliers were defined as observations beyond 1.5 interquartile range below the first quartile or 
above the third quartile. No outliers were found in the data.

2.4.2 Longitudinal conversational conduct
To answer the question concerning the development of conversational contingency in a longitudinal 
sample, we compared the outcome measures from the conversational data for all subjects that 
participated in both the 5;0 and the 7;2 session (n = 34). We conducted a paired t-test to compare 
percentages of appropriate responses, non-contingent responses, and missing responses in the 
participants’ conversational contributions and plotted individual changes between the two ages.

2.4.3 Conversation skill vs. core language, executive functions, and pragmatic development
The following analyses were conducted by using the chart.Correlation function in the 
PerformanceAnalytics package (Peterson & Carl, 2020).

To answer the question concerning the relationship between conversational conduct at 7;2 
and core language ability, we performed a correlation analysis, obtaining Pearson’s R for each 
combination of the three conversational measures and the two measures representing core language 
skill: PPVT (longitudinal measure from 4;0) and morphosyntactic accuracy (concurrent measure).

To answer the question concerning the relationship between conversational conduct at 7;2 
and executive functions, we performed a correlation analysis, obtaining Pearson’s R for each 
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combination of the three conversational measures and the two measures representing EF: WCST 
and backward digit span.

To answer the question concerning the relationship between conversational conduct at 7;2 
and other pragmatic abilities, we performed a correlation analysis, obtaining Pearson’s R for each 
combination of the three conversational measures and the four measures representing different 
pragmatic skills: implicature comprehension test, audience design, multiple features task, MAIN. 
For the binary measure audience design, we present the biserial correlation coefficient.

The results were summarised in three correlation matrices, with correlation coefficients, 
distribution histograms, and scatter plots. For an overview of the measures included, see Figure 1.

2.4.4 Bayes factor
We conducted additional analyses to obtain Bayes factor values for non-significant correlations. 
This was done to determine whether these potential relationships showed evidence for the null 
hypotheses. If the different abilities had been connected, positive correlations between different 
measures of pragmatic ability and other core language and cognitive measures were expected 
throughout. Likely alternative outcomes are no correlations or weak negative correlations. 
In the case of a weak negative correlation, our Bayesian testing could establish evidence that 
two measures are “not positively correlated” (rather than “potentially negatively correlated”). 
The analysis was carried out using the correlationBF function in the BayesFactor package 
(Richard & Rouder, 2021), calculated with wide prior scales (1/√3).

2.4.5 Generalised linear models
We decided to conduct a complementary statistical analysis using a predictive framework. We 
fitted a generalised linear model (GLM) for each of the three conversational measures included 

Figure 1: The conversational measures (RED) and the measures of core language, executive 
functions, and specific pragmatic abilities (BLUE). All measures were obtained at age 7;2, except 
for the measure of receptive vocabulary (PPVT) which was obtained at age 4;0.
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in the current study. The analyses were conducted by using the glm function in the stats 
library in R (R Core Team, 2022). The conversational measures (appropriate, non-contingent, 
and missing responses) were each held as the dependent variable in three separate analyses. The 
measures were gathered from the same conversational data and are therefore not independent of 
one another. However, each measure represents a conceptually different aspect of conversational 
conduct, which justifies an individual examination of each of them (for further discussion see 
Pagmar et al., 2022). The measures of core language (PPVT and morphosyntactic accuracy), 
executive functions (the WCST and Backward digit span), and other pragmatic abilities (ICT, 
Audience design, Multiple features task, and Narrative skill) were held as independent variables.

2.4.6 Evaluation of the data for factor analyses
We conducted Bartlett’s test of sphericity and a Kaiser-Meyer-Olkin (KMO) test for sampling 
adequacy, to control for sufficient redundancies in the data that would allow for factors to be 
defined. We decided that factor analysis would only be considered as an informative method if 
the Bartlett’s test of sphericity was significant and the KMO test showed a >.6 result.4

3. Result
Descriptive statistics of raw scores for the three conversational measures, as well as measures of 
core language skill, executive functions, and specific pragmatic abilities are presented in Table 1.

 4 Neither Bartlette’s test of sphericity nor the KMO test met the criteria for further analysis. The test results, as well as 
the results of the analyses can be viewed in Appendix 1.

Table 1: Descriptive statistics of raw scores for both dependent and independent variables, 
including the mean, standard deviation, and minimum and maximum value.

Measure Mean (SD) Min. Max.

CONVERSATIONAL 
MEASURES

Appropriate responses 75.8 (11.2) 39 107

Non-contingent responses 1.4 (1.6) 0 7

Missing responses 9 (6.1) 0 28

CORE LANGUAGES PPVT (at 4;0) 33.4 (7.1) 19 51

Morphosyntactic accuarcy 3.7 (0.3) 2.59 4

EXECUTIVE 
FUNCTIONS

WCST 15.3 (3.5) 8 23

Backward digit span 3.2 (0.9) 2 5

PRAGMATIC 
ABILITIES

Implicature comprehension test 11.7 (2.3) 7 18

Multiple features task 6.2 (1.5) 1.5 8

Narrative skill 5.9 (2) 2 12
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The binary measure from the audience design test split the sample in half, with 49% of subjects 
consistently naming all referents (an answer not compatible with proper audience design and 
therefore assigned the value 0), and 51% of subjects offering at least one description of a referent 
that they knew the name of (and therefore assigned the value 1).

3.1 Development of conversational responses
The analysis addresses the longitudinal examination of conversational responses (presented in 1.1.1). 
The analyses of the conversational data show an increase of the positive conversational measure, 
and a decrease of the negative conversational measures, between 5;0 and 7;2. Thirty-four of the 
participating subjects were observed at both ages, and the longitudinal change of conversational 
conduct for these subjects is displayed in Figure 2. A paired sample t-test showed a reliable increase 
of appropriate responses, t(33) = –5.8, p < .001, 95% CI [–.22,–.11] (from 44% to 62%), as well as a 
reliable decrease in both non-contingent responses, t(33) = 3.02, p = .004, 95% CI [.006,.032] (from 
3% to 1.2%), and missing responses, t(33) = 2.79, p = .008, 95% CI [.011,.075] (from 12% to 8%).

3.2 Correlation analyses
In the following section, we present the correlation analyses between the conversational 
measures and measures of core language skill (3.2.1), measures of executive functions (3.2.2) , 
and measures of specific pragmatic abilities (3.2.3).

Figure 2: Longitudinal differences in the conversational measures for children at 5;0 and 7;2. 
Each line represents one individual and the change in percentage of the specific outcome measure 
between observations. The percentage of appropriate responses (responses in which the child 
directly acknowledges their partner’s turn) shows a reliable increase between the two occasions. 
There is also a reliable decrease in the percentage of non-contingent responses, as well as for 
missing responses.
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There is a reliable negative relationship between the number of appropriate responses and 
missing responses, t(41) = 3.1, p = .003, 95% CI [–.68,–.21]. No significant correlations were found 
between any of the core language measures and the measures of EF or specific pragmatic abilities. 
Correlation coefficients between all measures included in the study are included in Appendix 3.

3.2.1 Conversational measures and core language skill
The analysis addresses the relation between core language ability and conversational measures 
(see 1.2). There were no reliable relationships between conversational measures and the 
core language measures (PPVT and grammar, see Figure 2). Correlation coefficients for all 
conversational measures and the measures of core language skill are presented in Figure 3.

The two measures representing core language skill, PPVT and morphosyntactic accuracy, do not 
show a reliable positive relationship, t(41) = .44, p = .66, 95% CI [–.23,.36].

Figure 3: A correlation matrix, with measure histograms and scatter plots, including the three 
measures representing conversational conduct, appropriate responses (APP), missing responses 
(MISS), non-contingent responses (NON), and measures representing core language skill, i.e. 
a longitudinal measure of receptive vocabulary (PPVT), and a measure of morphosyntactic 
accuracy (MOR-SYN).
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3.2.2 Conversational measures and executive functions
The analysis addresses the relation between executive functions and the conversational measures 
(see 1.3). The conversational measure missing responses shows a negative relationship with the 
WCST, t(41) = 2.09, p = .04, 95% CI [–.55,–.01]. Non-contingent responses showed a negative 
relationship with the measure backward digit span, t(41) = 2.9, p = .004, 95% CI [–.64,–
.13]. No other pairs of conversational and executive function measures showed any significant 
relationship (see Figure 4).

The two measures representing executive functions, WCST and Backward digit span, do not 
show a reliable positive relationship, t(41) = 0.67, p = .5, 95% CI [–.2, .39]. No significant 
correlations were found between any of the measures of EF and the core language measures or 
specific pragmatic abilities (Appendix 3).

3.2.3 Conversational measures and other pragmatic abilities
The analysis addresses the relation between pragmatic abilities and the conversational measures 
(see 1.4). Non-contingent responses show a negative relationship with the comprehension of 
conversational implicatures (ICT), t(41) = 2.48, p = .016, 95% CI [–.59,–07]. The data does not 

Figure 4: A correlation matrix, with measure histograms and scatter plots, including the three 
measures representing conversational conduct, appropriate responses (APP), missing responses 
(MISS), non-contingent responses (NON), and measures representing executive functions, i.e. 
Wisconsin Card Sorting Task (WCST), and Backward Digit Span (BDS).
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show any significant relationship between the other measures of conversational conduct (Appropriate 
responses and Missing responses), and the measures representing other pragmatic abilities, nor any 
reliable relationship between the different measures of pragmatic abilities (see Figure 5).

3.3 Bayes Factor for non-significant correlations
In Table 2, the reader will find the Bayes factor values (BF) for non-significant correlations that 
provided moderate evidence for the null hypothesis (H0) on no connection between variables. In 
terms of conventional interpretation of BF, 13 correlations show moderate evidence for H0, and 
eight correlations show anecdotal evidence for H0.

3.4 Results of the generalised linear models
The GLM analyses showed results very similar to the correlation analyses. There were no 
significant predictors for appropriate responses, two significant predictors for non-contingent 
responses (the EF measure BDS representing working memory and the measure ICT representing 

Figure 5: A correlation matrix, with measure histograms and scatter plots, including the three 
measures representing conversational conduct, Appropriate responses (APP), Missing responses 
(MISS), Non-contingent responses (NON), and measures representing other pragmatic abilities, 
i.e. implicature comprehension task (ICT), Audience design (AD), Multiple features task (MFT), 
and narrative ability (NAR). For AD the biserial correlation coefficient is presented.
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comprehension of conversational implicatures), and one significant predictor for missing 
responses (the EF measure representing cognitive flexibility). The complete models are presented 
in Appendix 4.

4. Discussion
Through longitudinal observations of semi-naturalistic conversations, we have shown that 
children’s ability to acknowledge their interlocutor improves between 5;0 and 7;2. All three 
types of conversational responses advanced longitudinally in the expected directions: appropriate 
responses increased, and both non-contingent and missing responses decreased between the 
observed ages (from preschool years to school start). The longitudinal slopes show the individual 
developmental transitions (Figure 1). A few individual slopes show a direction opposite from 
what was hypothesised. This is expected in conversational data due to its dynamic nature and 
can possibly be explained by, for instance, the mood of the child on the day of observation. 
The results also indicate that the time period between our observations is one of important 

Table 2: Bayes factor results for non-significant correlations with moderate evidence for H0, 
calculated with wide prior scales (1/√3).

Correlation variables Bayes 
factor

Evidence 
for H0

CORE LANGUAGE SKILL

Non-contingent responses vs. PPVT .29 Moderate

Non-contingent responses vs. morph/syn acc. .26 Moderate

Missing responses vs. PPVT .26 Moderate

Missing responses vs. morph/syn acc .27 Moderate

EXECUTIVE FUNCTIONS

Missing responses vs. backward digit span .26 Moderate

PRAGMATIC ABILITIES

Appropriate responses vs. audience design .29 Moderate

Appropriate responses vs. multiple features task .26 Moderate

Appropriate responses vs. narrative ability .27 Moderate

Non-contingent responses vs. audience design .25 Moderate

Non-contingent responses vs. narrative ability .25 Moderate

Missing responses vs. ICT .25 Moderate

Missing responses vs. multiple features task .29 Moderate

Missing responses vs. narrative ability .25 Moderate
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behavioural adaptation: non-contingent responses showed a skewed distribution at 5;0, with 
30% of children showing a more frequent production of non-contingent responses. At 7;2, the 
distribution is still skewed, but the spread of the measure is much narrower, meaning that some 
children still produce non-contingent responses, but not nearly to the same extent as during the 
observations at 5;0. The mean of missing responses is also lowered, which indicates that the 
children are adapting to a more conventionalised conversational conduct, but that this aspect of 
the conversational ability is still developing. This result provides an indication that adult levels 
of acknowledging one’s interlocutor’s turn (>85%) are not reached by a sudden realisation of 
a social norm. Rather, children seem to show a gradual adjustment towards a conversational 
convention.

We also wanted to study the relationships between the children’s conversational conduct 
at school start and concurrent measurements of their core language skill, executive functions, 
as well as a set of specific productive and receptive pragmatic abilities. Besides presenting the 
relationships between the included abilities and conversational conduct, we wanted to find 
indications of what type of abilities agree with the development of conversational conduct. The 
two measures of core language skill (longitudinal receptive vocabulary and concurrent productive 
morphosyntactic accuracy) did not show any reliable connection to any of the conversational 
measures at 7;2, neither in the correlation analysis nor in the GLM (see Appendix 4). Moreover, 
the Bayes factor analysis provides moderate evidence of no connection between morphosyntactic 
accuracy and both non-contingent and missing responses. The results concerning productive 
morphosyntactic accuracy were thus in line with the hypothesised outcome and replicate the 
result from Pagmar et al. (2022). The result concerning receptive vocabulary contradicts the 
hypothesis, which stated that the longitudinal measure of receptive vocabulary that previously 
showed a strong predictive relationship to conversational responses at 5;0 no longer predicts 
either appropriate or missing responses. There are several potential explanations for this result, 
presented below (see section 4.1).

The two measures representing executive functions, WCST and backward digit span, both 
indicate connections to conversational responses, albeit different ones. Non-contingent responses 
have a negative relationship to backward digit span performance in both the correlation 
analysis, r = –.42, and the GLM, indicating that children who offered more responses without 
acknowledging their conversational partner’s prior turn also struggled with the working memory 
task. Missing responses show a negative relationship to WCST performance (r = –.31), indicating 
that children who more frequently offered no responses to their conversational partner’s prior 
turn also struggled with the task of cognitive flexibility and shifting. A possible explanation 
for the connection to missing responses is that cognitive flexibility allows for adjusting to new 
information during conversation, and that a child who struggles with this adjustment will opt 
out of the cooperative activity, rather than moving forward in uncertainty. The results for EF 
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share similarities with the findings from Blain-Brière et al. (2014), who encountered a negative 
relationship between “talkativeness” and inhibition, as well as a positive relationship between 
“responsiveness” and working memory, at age 4–5. Both of these results and connections to 
previous findings are discussed in more detail below (see 4.2).

Only one of the tested pragmatic abilities showed indications of a more reliable connection 
to one of the conversational measures: the Implicature Comprehension Task was negatively 
correlated with non-contingent responses (r = –.36). This relationship was also found in the 
GLM analysis. This indicates that children who offered more responses without acknowledging 
their conversational partner’s prior turn also struggled with understanding indirect language 
use. This result is in line with the expected outcome. None of the other three measures (audience 
design, multiple features task, and narrative ability) showed any connection, neither towards the 
conversational responses or among themselves. The results are discussed in greater detail below 
(see 4.3). A correlation matrix for all measured abilities can be found in Appendix 3.

We initially entertained three possible outcomes: conversational conduct would be mainly 
explained by (O1) measures of pragmatic ability, (O2) executive functions, e.g. working memory, 
or (O3) that measures of pragmatic abilities and executive functions would both be informative 
for the conversational measure (O3). The effects that were found agree with O3 and with 
a view of conversational conduct as an ability aided by both the ability to make pragmatic 
inferences and to track conversational content from previous turns. The outcomes also confirm 
that conversation during development is a dynamic activity that simultaneously can put strain 
on several different abilities.

4.1 Core language and conversational responses
4.1.1 Productive morphosyntactic accuracy and conversational responses
The measure of productive morphosyntactic accuracy does not show a reliable correlation to any 
of the conversational measures. The Bayes factor analysis provides moderate evidence for the 
null hypothesis between morphosyntactic accuracy and both non-contingent responses (BF = 
.26) and missing responses (BF = .27).

We provide moderate evidence that productive morphosyntactic accuracy and conversational 
conduct are unrelated at age 7;2, replicating the similar previous findings for children at 5;0 
(Pagmar et al., 2022). When studying the relation between conversational development and 
potentially related skills, this is one of the more robust findings yet in the literature. The results 
suggest a developmental segregation between processes of linguistic form and the use of linguistic 
signals in social interaction. The result from the previous study was not evaluated in terms 
of evidence for the null hypothesis, but the correlation coefficient between morphosyntactic 
accuracy and appropriate responses was 0.06 (2022: 153). The suggested explanation in Pagmar 
et al. was that (i) a certain level of morphosyntactic ability is necessary initially, if a child is to 
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maintain a back-and-forth conversation. However, (ii) once a certain morphosyntactic acquisition 
threshold has been reached, morphosyntax no longer accounts for individual differences in child 
conversational ability. The results of the current study are in line with this suggestion. When 
integrating the results, we suggest that processes are segregated before the age of 5;0 and remain 
segregated, at least until 7;2, and potentially for the rest of the lifespan.

4.1.2 Productive morphosyntactic accuracy and other pragmatic abilities
In contrast to previous results (e.g. Wilson & Bishop, 2022), we found no connections between 
morphosyntactic accuracy and pragmatic abilities. This could be explained by potential 
differences between the production and comprehension of grammar at the age of 7;2. Production 
measures might have an advantage when characterising individual differences of uniquely 
grammatical processes, as a full syntactic analysis may be circumvented in comprehension, but 
not in production. As Eve Clark puts it: “logically, comprehension must precede production’’ 
(Clark, 1993: 246) and a production test of a certain grammatical construction is thus generally 
a more difficult test than a comprehension test of the same construction, at a given age. Another 
possible explanation is other differences between the tasks. In this study, the measure consisted 
of an accuracy score, calculated as % well-formed clauses during the narrative production task. 
In Wilson and Bishop, the participants were asked to make grammaticality judgements, which 
can be argued to be a less ecologically valid task. Language users are not asked to make explicit 
judgements on whether or not their interlocutor’s utterances are grammatically correct during 
everyday language use. While language users can easily detect syntactical errors, they also accept 
a large number of incongruent clauses, repairments, etc. Assessing morphosyntactic ability from 
material consisting of free language production, in which the child is not explicitly conducting a 
morphosyntactic task, should therefore be considered a more ecological measure.

4.1.3 Receptive vocabulary and conversational responses
The measure of receptive vocabulary at 4;0 shows no correlation with any of the conversational 
measures at 7;2. We do find moderate evidence in the BF analysis for the null hypothesis of no 
connection between receptive vocabulary at 4;0 and both non-contingent responses (BF = .29) 
and missing responses (BF = .26). This is unexpected, since appropriate conversational responses 
are increasing and we know that receptive vocabulary is also an ability that increases during the 
age span studied in the current study. The result provides evidence against the suggestion that 
early receptive vocabulary is a facilitator for conversational conduct throughout development. 
We suggest two possible explanations for this result: (1) the abilities that allow conversational 
conduct to develop rely on aspects of the core language skill only during certain phases of the 
developing process. Conversational ability might be aided by vocabulary, and potentially vice 
versa, at early stages of the developmental process of interactional language use, but will be 
less connected as more normative conduct and conventional behaviour is established. The other 
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suggested explanation is that (2) the conversational abilities that allow for appropriate responses 
to increase do develop in agreement with receptive vocabulary, but the developmental slope of 
the vocabulary undergoes sufficient distributional in-group changes so that vocabulary at 4;0 no 
longer can account for longitudinal prediction. Although core language measures show long-term 
stability (e.g. Bornstein et al., 2016), there is empirical evidence that might grant this suggestion 
some merit. A longitudinal study by Song et al. (2015) investigated the vocabulary growth between 
4;0 and 11;0. They identified three rather distinct developmental paths of vocabulary growth: (i) 
children who started with a high vocabulary assessment and had high assessments throughout 
the study, (ii) children who started with a low vocabulary assessment and had low assessments 
throughout the study, and (iii) children who started with a low vocabulary assessment and then 
showed increasingly higher assessments throughout the study and ended up close to the first 
group. Although there is a steady increase in receptive vocabulary, relative positions between 
individuals may change within a sample, indicating different developmental paths. The results 
suggest that early receptive vocabulary does not facilitate later conversational conduct.

4.2 Executive functions and conversational responses
4.2.1 Non-contingent responses and working memory
The measure of working memory (backward digit span) is negatively correlated with non-contingent 
responses. This indicates that a child who struggled during the working memory task more often 
offered conversational turns without acknowledging their interlocutor’s previous turn. A possible 
reason for the non-contingent response is that the previous turn is simply not remembered. This 
explanation is in agreement with the suggestion of conversational conduct as a conduct that is 
heavily dependent on keeping track of previous turns and how new turns relate to and further the 
current topic of the conversation. If we assume that interpretation of an utterance will relate to the 
content of previous utterances, and that there often will be inferential processes that allow for these 
interpretations to take place, then it would explain why this aspect of conversational conduct relies 
on working memory. This result is related to results from Blain-Brière et al., studying ages 4;0–5;0. 
The connection they found was between the variable “responsiveness”, i.e. the number of utterances 
that acknowledged a conversational partner’s turn (similar to our measure), and measurements 
of working memory (also backward digit span). In studies of the relation between developmental 
conversational conduct and potentially related skills, this is perhaps the most robust finding yet, as it 
has been independently replicated. It is interesting to note that the relation between non-contingent 
responses and working memory is fairly specific, e.g. not extending to the WCST EF measure.

Working memory is not a measure of inferential ability, but inferential content ought to be 
what working memory is dealing with during conversational conduct. However, it is possible 
that an individual with poor inferential ability could infer just enough to follow a conversational 
topic and, due to strong working memory, show appropriate behaviour.
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4.2.2 Missing responses and cognitive flexibility
The negative correlation between the measure for cognitive flexibility (WCST) and missing 
responses suggests that a child that struggled with updating the rules and following new strategies 
during the card sorting task showed more instances of not offering any response towards their 
conversational partners’ statements and questions. The result provides an indication that 
cognitive flexibility allows for a child to more easily make contributions to the conversation. This 
result is reminiscent of the negative connection found at age 4–5 by Blain-Brière et al. (2014) 
between their variable “talkativeness”, i.e. the number of utterances during a semi-structured 
conversation, and measurements of inhibition. This inhibition might translate into a type of 
cautiousness for less talkative individuals, where the important factor is to act correctly rather 
than be polite. If the child in an interactional context is uncertain about what is expected of them, 
this might place a high load on cognitive flexibility. The child may opt to not do anything at all. 
For a child that has less of an issue with such a high load on cognitive flexibility, we would then 
naturally observe relative talkativeness (i.e. fewer missing responses in our case). Our results 
indicate that the same dynamics are present also at age 7;2. However, an unexpected outcome is 
that the indications of a relationship between missing responses and cognitive flexibility are not 
found for the second measure of executive function, working memory, but rather the opposite: 
the Bayes factor analysis provides moderate evidence for the null hypothesis of no connection 
between missing responses and working memory (BF=.26). This contrast is discussed further 
under 4.4.

4.3 Pragmatic abilities and conversational responses
4.3.1 Conversational implicatures and conversation
Among the four measures of specific pragmatic abilities that were included in the study, only 
comprehension of conversational implicatures showed a connection to one of the conversational 
measures: non-contingent responses. Looking at the relationship between non-contingent 
responses and ICT in Figure 4, the scatter plot seems to suggest that it is possible for a participant 
with a lower number of non-contingent responses to position themselves with both high or low 
ICT scores, and vice versa, but that no participant that scored high for either measure, also 
scored high for the other. In other words, none of the children that more often produced non-
contingent responses excelled at inferring speaker meaning from conversational implicatures. 
The result indicates that both implicature comprehension and working memory are linked to 
conversational conduct; individuals that stay on topic are better at simultaneously inferring what 
is being communicated while keeping track of what has been communicated.

A possible explanation for the fact that the other measures of pragmatic abilities showed no 
reliable effects is that they are too specific: they test abilities that do not necessarily translate into 
everyday language use. ICT is also the only test that relies solely on pragmatic comprehension, in 
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that a participating child does not need to provide any language production of their own to carry 
out the task, which leads us to our next point of discussion: differences between comprehension 
and production.

4.3.2 Narrative ability and conversational responses
The fourth measure of pragmatic ability, narrative skill, shows no indication of a connection 
to any of the conversational measures, and there is moderate evidence for the null hypothesis 
of no connection between narrative ability and all three conversational responses: appropriate 
responses, BF = .27; non-contingent responses, BF = .25; missing responses, BF = .25. This result 
seems to suggest that, even if conversational conduct could partly be explained by conventional 
patterns of language use, the processes that allow conventional structures in narratives are 
different from processes that allow contingent conversational conduct. A notable difference is 
that narrative ability can be displayed without interactional components.

4.4 Limitations
One feature of the results that might at first stand out to the reader is that the measures of core 
language skill, receptive vocabulary at 4;0 and productive morphosyntactic accuracy at 7;2 did 
not correlate. However, this can potentially be explained by individual trajectories of vocabulary 
development within the group between 4;0 and 7;2 (see Song et al., 2015). In other words, 
there would have been a stronger expectation of a correlation between concurrent vocabulary 
measures and morphosyntactic accuracy at 7;2. Future studies should thus include additional 
concurrent productive and receptive measures for core language ability.

Similar to the core language measures, our EF measures do not show a reliable connection 
among themselves, which is similar to findings by Tonér and Gerholm (2021). Both of our 
measures were concurrent, but a potential explanation is that aspects differ between tasks. 
Previously found correlations between EF measures in Huizenga et al. (2006) relied solely on 
receptive working memory tasks (Wisconsin Card Sorting Task and the Tower of London) and 
there was no need for participants to engage in language production. Although both tasks in our 
study rely on verbal instructions, one is visual, the other auditory, and the context in which the 
tasks take place is also different: one is a game in front of a computer (WCST), the other is a 
task of sending verbal signals back and forth between the test leader and the subject (BDS). In 
BDS, many of the interactional components of conversation are also accessible, i.e. turn-taking, 
meeting gaze, etc. This might have affected the outcome.

Finally, a more thorough discussion on the limitations of the current audience design task 
can be found here in Pagmar, Arvidsson, and Uddén (2021). Most importantly, the audience 
design task was updated accordingly (Arvidsson et al., 2022), to allow for a more detailed 
interpretation, in addition to the binary measure used in the current study.
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4.5 Summary
In the present study, we show that the age span from 5;0 to 7;2 is one of notable conversational 
development, with appropriate responses increasing, and non-contingent and missing responses 
decreasing. The results indicate that there is a gradual development towards adult levels of 
appropriate conversational conduct. Previous findings of no connection between productive 
morphosyntactic accuracy and the conversational measures at 5;0 were replicated when both 
measures were made at 7;2. The previously found connection between receptive vocabulary and 
conversational conduct was not encountered at 7;2. These results suggest that the development 
of conversational conduct as a process is not dependent on core language skill towards the end of 
the preschool stage. We also present extended evidence of a relation between missing responses 
and cognitive flexibility, as measured by the WCST, on the one hand, and non-contingent 
responses, and working memory, on the other hand.

Non-contingent responses were also negatively correlated with the comprehension of 
conversational implicatures, suggesting that children that struggled with inferring intentional 
content from contextually dependent utterances were more likely to not engage in the 
cooperative conduct that is a maintained conversation. Together with the result of the measures 
of executive functions, these findings suggest that conversational conduct is related to both 
inferring communicative intentions and being able to keep track of the contributions of others 
and how these contributions relate to previous turns. Other tests for pragmatic skills showed no 
connection to the conversational measures, nor between themselves, providing further evidence 
for a divide between different pragmatic abilities.

5. Conclusion
The current study supports a view of a notable developmental window for conversational conduct, 
just before children turn 7. The results show a relative segregation between conversational 
conduct and core language as well as several of the tested pragmatic abilities, except the ability 
to understand conversational implicatures. Conversational conduct also showed interesting 
relations to executive functions, in terms of working memory and cognitive flexibility. We 
suggest that during later stages of preschool, children’s ability to appropriately acknowledge 
their interlocutor is aided not only by being able to infer the intentions of others based on their 
utterances, but also by simultaneously keeping track of previous utterances and how they relate 
to the conversational topic.
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Appendix 1. Factor analyses and evaluations
We altered the previously determined factor analysis method from confirmatory to exploratory, 
due to an insufficient number of observations.

To answer the question concerning potential underlying factors that could contribute to 
relationships between pragmatic, linguistic, and executive function abilities, we conducted three 
exploratory factor analyses (presented in detail below), using the fa function in the R library 
psych (2.1.9). In these analyses, the general pragmatic ability is represented by two measures: the 
main conversational measure, Appropriate responses, representing pragmatic production, and the 
Implicature Comprehension Test, representing pragmatic comprehension. These measurements 
were chosen due to previous findings where they both have shown reliable signals, in terms of 
hypothesis confirming results (Pagmar et al., 2022; Wilson & Bishop, 2019; 2022). The data set 
from each analysis was evaluated with a Bartlett’s test of Sphericity and a KMO test.

The first factor analysis concerned pragmatic ability and core language skill, and was 
conducted using PPVT at 4;0 (receptive vocabulary), morphosyntactic accuracy at 7;2, 
appropriate responses (pragmatic production) at 7;2, and ICT (pragmatic comprehension) at 7;2. 
We specified a two-factor mode.

The second factor analysis concerned pragmatic ability and executive functions. The data 
frame included the measurements: perseverative error from WCST (executive function), backward 
digit span (executive function), appropriate responses (pragmatic production), ICT (pragmatic 
comprehension). We specified a two-factor model.

Lastely, the third exploratory factor analysis was conducted to investigate relationships 
between all measures of specific pragmatic abilities. We included the following measurements: 
appropriate responses (conversational conduct), multiple features task (referential production), 
ICT (implicature comprehension), and narrative ability. We specified a two-factor model.

The evaluation analyses for determining sufficient redundancies and measure of sampling 
adequacy of each two-factor model showed insufficient results (Table A). Due to insufficient 
redundancy and adequacy, we did not conduct further analyses with the purpose of examining 
differences between different models, and the results of the factor analyses were not a foundation 
for discussion. The results of the exploratory factor analyses are presented in Figure A.

Table A: Result from the evaluations of redundancies in the variables that allow for factors to be 
defined (Barlett’s Test of Sphericity) and measure of sampling adequacy (KMO Test).

EFA Bartlett’s Test of Sphericity KMO Test (Overall MSA)

Pragmatics vs. Core Language χ2 = 4.02, df = 6, p = .67 .59

Pragmatics vs. Executive Functions χ2 = 5.16, df = 6, p = .52 .49

Pragmatics vs. Pragmatics χ2=1.57,df=6,p = .95 .54
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Appendix 2. Predetermined utterances for prompting conversation 
translated from Swedish to English

1. You‘ve started first grade

2. What are the differences between preschool class and first grade?

3. Who’s your teacher?

4. When I started first grade, I was kind of scared

5. I was scared of not getting friends and that the teacher would be mean

6. Do you remember these? [points to stuffed animals]

7. When I started first grade, we were not allowed to bring stuffed animals to school

8. One time at first grade, during lunch, I fell and dropped my food tray, and spilled soup all over myself

9. Have you done anything like that?

10. Have you ever fallen and injured yourself?

11. Is there anything you find hard in school?

12. NAME-OF-CHILD, it was so nice talking to you

Figure A: The three exploratory factor analyses, presented with the evaluation results from the 
Bartlett’s test of sphericity and the KMO test. The variables are PPVT (receptive vocabulary), 
ICT (Implicature Comprehension Task), CC (appropriate responses), GRAM (morphosyntactic 
accuracy), WCST (EF, cognitive flexibility), BDS (EF, working memory), AP (referential 
production, MTF), and MAIN (narrative skill). MAIN is not connected to either of the two 
factors specified under the pragmatics vs. pragmatics analysis, since loadings under .2 are not 
represented with an arrow.
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Appendix 3. Correlation matrix for all variables included in the study
Here we present Pearson’s correlations between all included variables (Figure B).

Appendix 4. Generalised linear models
Here we present the Generalised Linear Models for the three measures of conversational 
conduct. The GLM of appropriate responses showed no reliable effects for any of the predictors 
(Table B).

Figure B: Correlation matrix of the three conversational contingency measures (APP, MISS, NON) 
and pragmatic measures (ICT, AD, MFT, MAIN), core language measures (PPVT, GRAM), and 
executive function measures (WCST, BDS). Pearson’s correlation was calculated for all measures, 
except for the measure AD, where we calculated the biserial correlation coefficient.
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The GLM of non-contingent responses showed reliable effects for two of the included predictors 
(Table C). The measure of working memory, backward digit span (BDS), showed a negative 
relationship with the proportion of non-contingent responses. The measure for comprehending 
conversational implicatures also showed a negative relationship with the proportion of non-
contingent turns.

Table B: The results of the Generalised Linear Model for Appropriate responses, in terms of 
predictor estimates, 95% confidence interval, standard error, t-value, and p-value.

Estimate 2.5% 97.5% Std. Er t p

(Intercept) 0.413 0.165 0.662 0.126 3.266 0.002**

PPVT 0.001 –0.002 0.005 0.002 0.646 0.522

MOR-SYN 0.016 –0.014 0.048 0.016 1.029 0.310

WCST 0.007 –0.000 0.016 0.004 1.845 0.073.

BDS 0.005 –0.029 0.040 0.017 0.314 0.755

ICT 0.003 –0.008 0.015 0.006 0.520 0.606

AD –0.020 –0.082 0.041 0.031 –0.651 0.519

MFT 0.003 –0.031 0.037 0.017 0.178 0.859

MAIN 0.006 –0.024 0.038 0.016 0.417 0.679

<.10 = . ; <.05 = * ; <.01 = ** ; <.001 = ***.

Table C: The results of the Generalised Linear Model for n-contingent responses, in terms of 
predictor estimates, 95% confidence interval, standard error, t-value, and p-value.

Estimate 2.5% 97.5% Std.Er t p

(Intercept) 1.982 –0.129 4.093 1.077 1.840 0.074.

PPVT 0.014 –0.021 0.050 0.018 0.799 0.429

MOR–SYN 0.082 –0.186 0.350 0.136 0.600 0.552

WCST –0.045 –0.116 0.024 0.035 –1.266 0.214

BDS –0.364 –0.661 –0.066 0.151 –2.398 0.022*

ICT –0.145 –0.248 –0.041 0.052 –2.750 0.009**

AD –0.051 –0.575 0.473 0.267 –0.191 0.849

MFT 0.126 –0.166 0.420 0.149 0.846 0.403

MAIN 0.006 –0.260 0.273 0.136 0.045 0.964

<.10 = . ; <.05 = * ; <.01 = ** ; <.001 = ***.
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The GLM of missing responses showed a reliable effect for one of the included predictors 
(Table D). The measure of executive function, WCST, showed a negative relationship with the 
proportion of missing turns.
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