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INTRODUCTION 

The purpose of this manuscript is to provide an overview of my presentation 
given to the March 2022 ’Puheen ja kielen tutkimuksen päivät’ conference (Hel-
sinki, Finland). Temperament plays an important role in the experience and ex-
pression of emotions, such as emotional reactivity and emotional (self-) regula-
tion and is associated with certain executive functioning components. This man-
uscript describes the empirical studies from my research lab that have focused on 
the association between temperament, self-regulation, and executive functioning 
in childhood stuttering. Findings from our initial temperament questionnaire-
based work as well as later studies, primarily using behavioral (computer) para-
digms focusing on different aspects of self-regulation and executive functioning, 
will be discussed. 

TEMPERAMENT,  SELF -R EGULATION,  AND EXECUTIVE  

FUN CTIONIN G 

At present, most theorists agree that temperament refers to biologically based in-
dividual differences that are relatively stable over time, and appear early in devel-
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opment (Goldsmith et al., 1987). Recent models further acknowledge that tem-
perament develops over time (Plomin & Dunn, 1986, Rothbart, 1989), incorpo-
rates motivational and self-regulatory systems (Posner & Rothbart, 1998), and is 
influenced by environmental interactions (Halverson & Deal, 2001; Saudino, 
2005).  

 Rothbart’s temperament model, which defines temperament as constitu-
tionally based individual differences in reactivity and self-regulation, has gained 
much popularity among child-oriented researchers (Rothbart et al., 2001). Reac-
tivity refers to the arousability of physiological and sensory response systems (e.g., 
getting frustrated about something), and self-regulation refers to processes that 
can modulate (facilitate or inhibit) one’s reactivity (e.g., shifting one’s attentional 
focus away from the frustrating stimulus). Constitutional refers to the biological 
basis of temperament (i.e., it is something you are born with), which is influenced 
over time by genetics, maturation, and experience. In other words, the tempera-
ment structure changes over time, from a predominantly reactivity-driven con-
cept in infants to a structure with more emphasis on self-regulatory processes in 
older children. For example, when infants are distressed, they will cry, much to 
the dismay of their parents; older children, on the other hand, can deal with dis-
tress using a broader range of tools, such as shifting their attention away from 
that which they find distressing (Putnam et al., 2001). 

Rothbart (1989) developed a framework specifying the role and interactional 
patterns of reactivity and self-regulation. When a child is confronted with a stim-
ulus, this stimulus might lead to positive (e.g., smiling) or negative (e.g., fear, an-
ger) reactivity within the child. As the child grows older, s/he will be able to con-
sciously modulate this reactivity by using self-regulation processes to increase 
positive reactivity and/or decrease negative reactivity. These are not necessarily 
related, in other words, children can gradually become less fearful without an in-
crease in smiling and laughter.  

Self-regulation, also referred to as emotion regulation, relates to “the ways 
individuals influence which emotions they have, when they have them, and how 
they experience and express these emotions” (Gross, 1999, p. 557). Self-regula-
tion processes include executive attention variables (e.g., consciously driven at-
tention shifting) and effortful control (the ability to inhibit a dominant [motor] 
response in order to perform a subdominant response, detect errors, and engage 
in planning) (Rueda & Rothbart, 2009). The successful use of these self- regula-
tion strategies is highly dependent on age and maturation (Gullone et al., 2010), 
given that they depend on the development of the prefrontal cortex, executive 
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function skills (e.g., inhibitory control) (Carlson & Wang, 2007), and linguistic 
skills (Sala et al., 2014). 

Children have different levels of reactivity - some react with more intense feel-
ings of distress or pleasure, whereas others react more mildly. Children also differ 
in the ease with which they are able to apply attentional (e.g., looking towards 
[attentional orienting] or away from [attentional shifting] an exciting or distress-
ing event) and motor control processes (e.g., self-soothing) to regulate their reac-
tivity (Rothbart, 1989; 2011). 

Executive functioning is an umbrella term, governing goal-directed action 
and adapted responses to novel or complex situations (Hughes, 2013). It encom-
passes a number of subdomains derived from empirical studies, some more con-
sistently endorsed than others (Baron, 2004), such as attentional control, work-
ing memory, attentional flexibility, inhibitory control, verbal fluency (not speech 
fluency), planning and organization (Jurado & Roselli, 2007; Najdowski et al., 
2014). While the exact nature and the relationships between all of these processes 
are not yet completely understood (Collette et al., 2001), working memory, at-
tentional flexibility, and inhibitory control seem to be given central importance 
in some theoretical models of executive functioning (Barkley, 1997; Garon et al., 
2008; Miyake et al., 2000; Roberts & Pennington, 1996; Sereno et al., 2009). Ex-
ecutive functioning emerges already early in childhood (Kalbfleisch, 2017). 
While the different components seem to vary somewhat in their developmental 
trajectories (Best et al., 2009), many processes keep developing and continue to 
strengthen throughout adolescence into young adulthood (Best & Miller, 2010). 

Within the scope of the current manuscript, only studies on executive func-
tioning processes linked to Rothbart’s self-regulation component of tempera-
ment are discussed. 
 

QUESTIONNAIRE -BASED STUDIES  IN  TEMPERAMENT AND 

CHILDHOOD STUTTERING  

A growing number of studies have been investigating the relationship between 
temperament and stuttering (for an overview, see Jones et al., in press). Using 
Rothbart’s triad of positive/negative reactivity versus self-regulation, many of the 
findings in children who stutter (CWS) can be understood as pointing toward 
increased reactivity or reduced self-regulation or a combination of both. Some of 
these temperament questionnaire-based studies have also yielded differences on 
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attentional and inhibitory control-related processes between stuttering and non-
stuttering groups and seem to suggest these processes may be involved in the de-
velopment and/or maintenance of developmental stuttering. 

In one of our first studies in this domain we used the Children’s Behavior 
Questionnaire (Rothbart et al., 2001), a caregiver rating scale based on Roth-
bart’s temperament model, to evaluate differences between children who stutter 
(CWS) and children who do not stutter (CWNS). CWS, as a group, scored 
higher on negative reactivity and lower on self-regulation (Eggers et al., 2009; 
2010). Analysis of the individual temperament scales showed that CWS scored 
significantly lower on the scales of ‘Inhibitory Control’ and ‘Attentional Shift-
ing’ and higher on the scales of ‘Anger/Frustration’, ‘Approach’ and ‘Motor Ac-
tivation’. Stuttering severity and months of therapy were not associated with ei-
ther of the temperament dimensions. 

In a recent series of studies, we started to explore the associations between tem-
perament, anxiety and the impact of stuttering. Higher negative reactivity scores 
(i.e., more fearful children) and lower positive reactivity (i.e., less extraverted chil-
dren) and self-regulation scores were associated with elevated levels of anxiety and 
depression in CWS (Eggers et al., accepted). Also, the impact that stuttering has 
on an individual is likely to be affected by temperament and one’s ability to cope, 
since the experience of stressors and the ability to cope can directly impact chil-
dren’s and adolescents’ well-being. Children with higher positive reactivity scores 
experienced a lower overall impact of their stuttering while children with higher 
negative reactivity experienced a higher overall impact (Eggers et al., 2021). 

 

BEHAVIORAL  ( COMPUTER)  PARADIGM -BASED STUDIES  IN  

SELF-R EGULATION,  EXECUTIVE  FUN CTIONING AND 

CHILDHOOD STUTTERING  

While several approaches can be used for assessing temperament, self-regulation, 
and executive functioning (e.g., questionnaires, behavioral observations, psycho-
physiological indicators, behavioral tasks), each approach has its benefits and pit-
falls (Baron, 2004; Kagan, 1998). Although questionnaires tap into the vast 
knowledge of caregivers who have experienced the child’s reactions in different 
situations and over a long period of time, they can be susceptible to parental bias 
and inaccuracy (Strelau, 1998; Vaughn et al., 2002). Therefore, the use of com-
puter paradigm-based studies allows (a) to test experimentally previous findings 
of parent-reported differences between CWS and CWNS and (b) for more fine-
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grained analyses of these different components. The studies that are discussed 
focus respectively on attentional networks, attentional processes (e.g., attentional 
shifting) and on inhibitory control. These studies always include a group of CWS 
(without any other speech, language, hearing and/or developmental disorders 
apart from stuttering) matched (age and gender) to a group of CWNS. The chil-
dren’s ages range between 4 and 10 years of age. 

The efficiency of attentional networks was evaluated (Eggers et al., 2012) 
using the Attention Network Test (Fan et al., 2002; Rueda et al., 2004), a com-
bination of a cued reaction time task and a flanker task. This task measures the 
efficiency of three distinct attentional networks, i.e. alerting (the component of 
attention that increases vigilance to an impending stimulus), orienting (the com-
ponent of attention that supports the selection of specific information from nu-
merous sensory inputs) and executive attention (the component of attention in-
volving more complex mental operations in detecting and resolving conflict be-
tween computations in different parts of the brain). Results indicated that CWS 
had a significantly lower efficiency of the orienting network compared to 
CWNS. No differences were found on the alerting or executive control network, 
although the latter did show a trend (p = .06) towards a lower efficiency for CWS. 
Current findings corroborate the previously found questionnaire-based differ-
ences in self-regulatory behavior and were taken to suggest a possible role for at-
tentional processes, i.e. attentional orienting, in developmental stuttering. 

The efficiency of inhibitory control was evaluated using a Go/NoGo task 
(Eggers et al., 2013) and a Stopsignal Task (Eggers et al., 2018). Both tasks meas-
ure the inhibition of prepotent responses. During each trial of the Go/NoGo task 
(De Sonneville, 2009), one of two different stimuli was presented randomly and 
with equal frequency: a Go-stimulus (a green walking man) or a NoGo-stimulus 
(a red standing man). Results indicated that CWS, compared to CWNS, a) ex-
hibited more false alarms (when a NoGo-stimulus was followed by pressing the 
response button) and premature responses (when the response button was 
pressed between 0 and 200 ms after stimulus onset), b) showed lower reaction 
times for false alarms, and c) were less able to adapt their response style after ex-
periencing response errors. Some of these findings were also replicated in adults 
who stutter (Eggers, 2012). These findings provide further support for the hy-
pothesis that CWS and CWNS differ on inhibitory control. CWS, as a group, 
were lower in inhibitory control pointing towards a lowered ability to inhibit 
prepotent response tendencies. However, these findings cannot be generalized to 
all types of response inhibition since the use of the Stopsignal task (Verbruggen 
et al., 2008), a primary choice reaction time task where on a random selection of 
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trials an auditory stop signal appeared, indicating participants to withhold their 
response, did not reveal any between-group differences. 

In a final study (Eggers & Jansson-Verkasalo, 2017), the Auditory Set-Shifting 
Task of the Amsterdam Neuropsychological Tasks (De Sonneville, 2009) was 
used to evaluate attention shifting and inhibitory control in a combined 
manner. The core feature of this task is mixed stimulus-response (SR) mapping, 
which consisted of a random combination of low- and high-pitched stimuli. The 
pitch (low or high) determined the required type of SR mapping; a low pitch 
meant compatible SR mapping (press once when one tone is presented and twice 
when two tones are presented), whereas a high pitch meant incompatible SR 
mapping (press twice when one tone is presented and once when two tones are 
presented). This mixed SR mapping requires participants to continuously shift 
their attentional set and inhibit prepotent responses. Results indicated no group 
differences for the speed of auditory attention shifting or inhibitory control. 
However, CWS, as a group, scored significantly lower on the accuracy (error per-
centage) of auditory attention shifting. In addition, CWS, compared to the 
CWNS, showed a higher increase in error percentages under attention shifting 
and inhibitory control conditions. These findings on error percentages partly 
corroborate earlier questionnaire-based findings showing difficulties in CWS on 
attention shifting and inhibitory control. Moreover, it also seems to imply that 
CWS are less able to slow down their responses in order to achieve higher accu-
racy rates. 

THEORETI CAL  AND CLINI CAL  IMPLICATIONS  

Our studies have shown that CWS, as a group, differ from CWNS on tempera-
mental constellation, more specifically they are higher in negative reactivity and 
lower in self-regulation. With regard to self-regulation, differences emerged on 
attentional regulation and inhibitory control. There are several possible pathways 
by which these processes might exude their influence on the onset and develop-
ment of stuttering (e.g., via a role in generating emotional reactions, in stress-re-
lated situations, in conditioning processes, in error-detection and error-pro-
cessing during speech production processes), however, it is less evident to make 
any strong statements about the exact nature of the underlying relation. 

Our findings map onto recent multifactorial models (e.g., Conture et al., 
2006; Conture & Walden, 2012; Smith & Weber, 2017) that have considered a 
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combination of genetic, neurobiological, behavioral, emotional, and environ-
mental components as predisposing, precipitating and persisting factors in the 
etiology of stuttering. For example, Conture and Walden’s recent Dual Diathe-
sis-Stressor Model of Stuttering suggests that some CWS have vulnerabilities (i.e., 
diathesis), such as heightened negative emotional reactivity and decreased self-
regulation, that can be activated by challenging environmental situations or 
events (i.e., stressors) and that these processes contribute to the onset and devel-
opment of stuttering. Children exhibiting these emotional diatheses may be more 
likely to have their attention and other cognitive resources diverted during emo-
tionally-arousing speaking situations (social-emotional stressor) and, conse-
quently, be more likely to stutter. These children may also be more likely to react 
to difficulties with speech production, leading to a worsening of stuttering. An-
other example is Anderson and Ofoe’s (2020) Executive Function Model of De-
velopmental Stuttering, in which they consider how executive functioning defi-
cits could explain not only the multifactorial nature of developmental stuttering 
but also the considerable amount of variability that exists among CWS. 

Until the underlying mechanisms associated with temperament, self-regula-
tion, and stuttering have been fully unraveled, formulating treatment recom-
mendations based on these associations may be premature. However, several ap-
proaches developed for working with children’s temperaments (Kristal, 2005) are 
applicable to children who stutter (Eggers, 2017). Examples are strategies for cre-
ating a better parent-child alliance such as anticipating how children will react in 
certain circumstances and changing/adjusting environmental contexts, or 
providing problem solving/coping strategies such as teaching parents to co-regu-
late the child’s emotions (Eggers, 2020). 

 

CON CLUSION 

There have been significant advances to the empirical study, theoretical under-
standing, and potential clinical application of temperament, self-regulation, and 
executive functioning to developmental stuttering. Initially, this work focused, 
almost predominantly, on caregiver report. Currently, this work has focused on 
using a broad range of methodological approaches to comprehensively study 
these concepts. Both past and present work have provided evidence to suggest 
that increased reactivity and decreased self-regulation are associated with devel-
opmental stuttering. 
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