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Abstract 1 

Purpose: Stuttering is associated with clinically significant social anxiety, which emerges 2 

during early childhood for some, but not all, children who begin to stutter. The purpose of this 3 

paper is to develop a model of social anxiety development during early childhood stuttering 4 

and to present an empirical method by which it can be tested. 5 

Method: We propose a mediation model of how the exposure variable of stuttering may lead 6 

to an outcome of social anxiety. Our model includes confounder and mediator variables. We 7 

explain the concepts and procedures of mediation analysis and present a method to test our 8 

model. 9 

Results: We present the idea that negative peer responses to stuttering and negative self-10 

perception of children are mediators of social anxiety development. We propose several 11 

confounder variables that involve children, their parents, and the home environment. We 12 

depict our model with a Directed Acyclic Graph, and we present details of how it can be 13 

tested with a longitudinal research design.  14 

Discussion: This is the first attempt to model the development of social anxiety shortly after 15 

stuttering onset with an empirically testable method. The intended benefit of this innovation is 16 

to direct future clinical directions for the clinical management of stuttering arising shortly 17 

after childhood onset. 18 

  19 
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Stuttering and social anxiety 20 

During the past decades, it has become apparent from a large body of independent 21 

reports that stuttering is associated with social anxiety (Chu et al., 2020; Craig & Tran; 2006; 22 

Gabel et al., 2002; Kraaimaat et al 2002; Tomisato et al., 2022; Tran et al., 2011). A meta-23 

analysis showed this to be the case for state and trait anxiety (Craig & Tran, 2014). Those 24 

who stutter are particularly at risk for social anxiety disorder (Blumgart et al., 2010; Iverach 25 

et al., 2009). The population prevalence for such a diagnosis is 8–13% (Kessler et al. 2005, 26 

Kikuchi et al., 2023), yet, based on cases presenting to clinics, the prevalence is much higher 27 

for stuttering (Blumgart et al., 2010; Stein et al., 1996), with one report showing 34-fold 28 

increased odds for stuttering (Iverach et al. 2009). The quality of life and burden of illness 29 

impairment associated with stuttering is equivalent to that of chronic health conditions such as 30 

diabetes, cardiovascular disease, and cancer (Norman et al., 2023), and social anxiety is likely 31 

to contribute to those impacts on life. During adulthood, around half of adults who seek 32 

clinical services for stuttering wish to deal with their social anxiety (Vanryckeghem & Van 33 

Eerdenbrugh, 2024; Yaruss et al. 2002). 34 

Not surprisingly, these issues develop early in life. For social anxiety in general, a 35 

systematic review and meta-analysis concluded that children and adolescents who stutter 36 

present with increased anxiety symptoms in comparison to their peers who do not stutter 37 

(Bernard et al., 2022). One report indicated that 24% of children 7–12 years old who stutter 38 

are diagnosed with social anxiety disorder (Iverach et al., 2016). There are some reports of 39 

anxiety in pre-school children. A community cohort study included 173 three-year-olds who 40 

stuttered, and concluded “that early social, emotional and behavioral difficulties may be 41 

apparent in children who stutter as young as 3 years old” (McAllister, 2016, p. 30). Another 42 

cohort study (Briley et al. 2019) found significant anxiety differences between 4-year-olds 43 

whose parents reported stuttering and those whose parents did not. A small study of stuttering 44 
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children reported differences from control children at 3–6 years (Tığrak et al., 2020). 45 

Establishing a model of social anxiety development during early childhood 46 

It is clear that anxiety as a clinically important feature of the disorder emerges during the 47 

early years of life for many—but not all—children who stutter. Why this occurs is of clinical and 48 

theoretical interest. Theoretical modelling of the process by which this early anxiety development 49 

occurs, and its subsequent empirical verification, could generate benefits by directing future 50 

clinical research, as described later in this paper. There are numerous models of social anxiety 51 

maintenance for the general population (e.g., Clark & Wells, 1995; Hartman, 1983; Hofman, 52 

2007; Moscovitch, 2009; Rapee & Heimberg, 1997; Schlenker & Leary, 1982; Spence & Rapee, 53 

2016) and one has been devised specifically for stuttering (Iverach et al., 2017).  54 

In general, these models of anxiety maintenance propose that high expectations of 55 

performance in social situations and perceived incapacity to meet those expectations leads to 56 

fear of negative evaluations from others. Within feared situations, the person becomes 57 

hypervigilant to negative threat cues, including physiological arousal associated with anxiety, 58 

negative cognitions, and negative self-evaluations. This self-focused attention affects the ability 59 

to observe and process disconfirming social cues. To avoid negative self-evaluations from others 60 

and reduce anxiety, safety behaviors are used. However, self-focused attention and safety 61 

behaviors can exacerbate anxiety and lead to the feared outcome of poor performance, thereby, 62 

confirming fears.  Further, these negative responses to social situations can reduce attentional 63 

resources being available to attend to the situation, increasing the risk that the feared outcome of 64 

negative evaluations from others will in fact occur. These processes form a feedback cycle that 65 

maintains, or even exacerbates, anxiety. 66 

There is evidence that the models of social anxiety maintenance apply to chronic stuttering in 67 

adults (Lowe, Menzies, et al., 2021). One model of anxiety maintenance is specific to stuttering; 68 

Iverach et al. (2017), drawing on the Clark and Wells (1995) and Rapee & Heimberg (1997) 69 

models, incorporated interrelated factors responsible for anxiety maintenance with adults who 70 
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stutter. This model included both self-focused attention and externally focused attention to 71 

negative social threat cues. Iverach et al. suggested that anxiety maintenance with stuttering is 72 

unique and complex due to having a real condition from which fears arise. For example, 73 

negative self-perceptions about speaking in social settings can be justified if negative 74 

experiences have occurred. It is the case that many people who stutter experience negative 75 

reactions from others, and these negative experiences can occur early in life, as noted above.  76 

Overall, these models primarily explain anxiety maintenance during adulthood and do not 77 

focus on the origins of that anxiety. As such, they do not inform the development of a model to 78 

explain why some children who stutter develop anxiety and some do not. The Spence and Rapee 79 

(2016) model does present such a comprehensive explanation, implicating an interplay between 80 

moderating and mediating variables in early and adult life: gender, age, genetics, temperament, 81 

culture, parent and peer influence, and aversive social outcomes. Hence, the present model builds 82 

on that material to develop a stuttering-specific model of anxiety development during childhood. 83 

The concept of mediation 84 

The proposed mechanism of stuttering causing social anxiety can be thought of with a 85 

mediation model. The value of mediation arises when there is interest in explaining the 86 

mechanism of how an exposure E causes an outcome O. An exposure could be any variable, 87 

such as a behavior, health condition, or environmental feature. If there is reason to believe 88 

that part of the reason an exposure E causes outcome O is because of an intermediate variable 89 

M, that variable M is called a mediator.  90 

 A Directed Acyclic Graph (DAG) (Greenland & Brumback, 2002; Greenland et al., 91 

1999) can depict such a relationship, using arrows to reflect one variable potentially causing 92 

another. A DAG presents variables starting with those that occurred earliest in a temporal 93 

sequence and ending with those that occurred last. The characteristics of a DAG are a flow 94 

towards the outcome O in one direction only, without any cycles (“loops”) within it. Figure 1 95 

demonstrates a simple mediation model of an exposure E causing an outcome O, and a 96 
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mediator M. The pathway E → M → O is called the indirect effect, which includes some 97 

portion of the effect of exposure E on outcome O being due to the mediator M. The other 98 

pathway E → O is the direct effect which is not related to the mediator M. 99 

  100 

INSERT FIGURE 1 AROUND HERE 101 

 102 

The process of splitting the effect of exposure E and outcome O into a direct pathway 103 

and an indirect pathway is called effect decomposition (Rijnhart et al., 2021) and can explain 104 

the mechanism by which the outcome develops. In healthcare, effect decomposition can 105 

identify potential interventions to prevent the onset of the outcome in question. For example, 106 

if it is found that a mediator M substantially explains the causal effect of exposure E on 107 

outcome O, an intervention for mediator M could be targeted to reduce the risk of developing 108 

outcome O. This is of particular interest when the mediator M is clinically modifiable.  109 

Causal mediation analysis 110 

Traditional approaches to mediation analysis such as the difference method 111 

(MacKinnon et al., 2012; VanderWeele, 2016) and the product method (Alwin & Hauser, 112 

1975; Baron & Kenny, 1986; MacKinnon et al., 2012; VanderWeele, 2016) are simplistic and 113 

often will not isolate the desired causal effects. Instead, a causal mediation analysis approach 114 

can be utilized to estimate unbiased causal effects (VanderWeele, 2016). The key factor that 115 

separates the causal mediation analysis approach from traditional approaches is the 116 

assumptions about confounding variables that underpin the analysis (VanderWeele, 2016). 117 

When considering whether an exposure E causes an outcome O, a confounder C is a variable 118 

that causes E and also causes O. This is shown in Figure 2.  119 

 120 

INSERT FIGURE 2 AROUND HERE 121 
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 122 

A simple, commonly used, hypothetical example of a confounding variable would be in 123 

an empirical study of the relationship between ice-cream sales and shark attacks. Ice-cream 124 

sales and shark attacks are correlated, but to determine any causal association, it is necessary 125 

to account for the weather as a confounder. If it is a hot day, then more people will be at the 126 

beach, so ice cream sales will be high. Also, if it is a hot day, then more people will be 127 

swimming, and the probability of a shark attack will be higher. If the confounder of the 128 

weather is adjusted for in the analysis, then ice-cream sales will no longer be associated with 129 

shark attacks, and the conclusion is that ice-cream sales do not cause shark attacks. 130 

 Assumptions for causal mediation analysis 131 

In a mediation analysis, the mediating variable M (see Figure 1) is incorporated into the 132 

analysis. Mediation analysis requires the estimation of the effect of (a) the exposure on the 133 

outcome, (b) the mediator on the outcome, and (c) the exposure on the mediator. Because of 134 

this, analysis requires four assumptions about confounding, so that each of the three effects 135 

are unbiased. Any empirical verification of a causal mediation model is underpinned by the 136 

following four assumptions. 137 

Assumption 1: No unmeasured exposure-outcome confounder 138 

  Adjustment should be made for all confounders C of the exposure and the outcome.  139 

Assumption 2: No unmeasured mediator-outcome confounder 140 

Estimation of the indirect effect E → M → O requires the estimation of the mediator on 141 

the outcome. For this effect to be unbiased it is necessary to adjust for confounders C of the 142 

mediator M and outcome O, as shown by C in Figure 3. Hence, it is assumed that all such 143 

relevant confounders C have been measured.  144 

 145 

INSERT FIGURE 3 AROUND HERE 146 
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 147 

Assumption 3: No unmeasured exposure-mediator confounder  148 

With the same logic as Assumption 2, an unbiased estimation of the indirect effect E → 149 

M → O requires adjustment for confounders C of the mediator M and exposure E, as shown 150 

by C in Figure 4.  Hence, it is assumed that all such relevant confounders C have been 151 

measured. 152 

 153 

INSERT FIGURE 4 AROUND HERE 154 

    155 

Assumption 4: No mediator-outcome confounder is caused by the exposure 156 

Figure 5 shows two ways that a mediator-outcome confounder C can itself be 157 

influenced by the exposure E. This can occur as part of the direct effect E → C → O or as part 158 

of the indirect effect E → C → M → O. It is necessary to adjust for confounder C in the 159 

analysis to satisfy Assumption 2; however, doing so blocks the two causal pathways, E → C 160 

→ O and E → C → M → O, consequently introducing bias. Hence, a required assumption is 161 

that no mediator-outcome confounder is caused by the exposure.  162 

 163 

INSERT FIGURE 5 AROUND HERE 164 

 165 

A DAG for the development of social anxiety with early stuttering 166 

DAGs are helpful tools for communicating assumptions or hypotheses about causal 167 

processes. They can also help to identify confounders so that researchers can attempt to avoid 168 

violations of assumptions 1–4. Figure 6 contains the DAG summarising our knowledge and 169 

hypotheses about the process of how stuttering may lead to social anxiety early in life through 170 

negative peer reactions and negative self-perception. This DAG in Figure 6 was constructed 171 
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according to the Tennant et al. (2021) guidelines.  172 

 173 

INSERT FIGURE 6 AROUND HERE 174 

 175 

Arranging variables in order of occurrence 176 

Firstly, variables were arranged in time order, starting with those that were set earliest 177 

and ending with those that happened last. It is well documented that around two-thirds of 178 

those who stutter have the variable family history of stuttering (Bloodstein et al., 2021), and 179 

this history exists prior to the child’s birth. This variable was included in the DAG because of 180 

the association between stuttering and anxiety, as described above, raising a possible 181 

connection to childhood anxiety. Parent history of anxiety is present early in a child’s life. It 182 

is capable of influencing child anxiety (Song et al., 2022), and it also exists before the child’s 183 

birth. Age and sex of the child are set at birth and are both potentially involved in 184 

development of childhood anxiety: the chance of anxiety developing will logically increase 185 

with age, and the sex of the child contributes to anxiety development, affecting females more 186 

often than males (McLean et al, 2011). After birth of the child, the emotional stability of the 187 

home may be affected. This might occur, for example, with postpartum depression, which 188 

may then affect the child's anxiety level (Slomian et al., 2019).  There is evidence that there is 189 

no difference in anxiety-prone temperament between children who stutter and their peers who 190 

do not stutter (Kefalianos et al., 2014).  However, a child who has an anxiety-prone 191 

temperament is more likely to develop or experience anxiety after commencing stuttering than 192 

a child without such a temperament. This is a logical prospect that applies to any child, 193 

regardless of stuttering status. 194 

The exposure of stuttering then occurs. Then the mediators of negative peer reactions 195 

and negative self-perception, and the outcome of social anxiety are ordered as we hypothesize 196 
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in the mediation model. There is evidence implicating negative peer reactions in the 197 

development of social anxiety for children who stutter. Peers are aware of stuttering; for 198 

example, Ambrose & Yairi (1994) used a research paradigm, which showed that, over a 199 

period of 2 years, pre-school children were able to distinguish between stuttering and non-200 

stuttering puppets. Weidner et al. (2015) developed the POSHA-S/Child tool to reveal that 3–201 

7-year-olds had a negative attitude to stuttering. There is direct observational evidence of 202 

negative peer reactions to stuttering in pre-school settings; Langevin et al. (2009) video 203 

recorded children who stutter in the playground, and three of the four children were shown to 204 

experience negative peer reactions to the stuttering: walking away from the child, being 205 

ignored or interrupted, and mocking. There is also evidence to implicate negative self-206 

perception in anxiety development with early stuttering. There are recurring parent reports 207 

that two-thirds of pre-school children show negative awareness of their early stuttering, with 208 

some figures as high as 90% (Langevin et al., 2010). Common parent reports focus on 209 

“frustration associated with their stuttering, withdrawal, reduced or changed verbal output, 210 

making comments about their inability to talk” (Langevin et al., 2010; p. 407). Negative self-211 

perception has been measured in pre-school children who stutter with the KiddyCAT test of 212 

communication attitude for children who stutter (Clark et al., 2012; Węsierska & 213 

Vanryckeghem, 2015).  214 

Plausibility of causal effects 215 

The next step of drawing a DAG is to decide which arrows should be included, that is, 216 

deciding which variables may cause other variables. It is recommended to only exclude 217 

arrows from a DAG where there is strong a priori evidence or logic to suggest the effect is 218 

non-existent (Tennant et al., 2021). This recommendation arises from the statistical 219 

implications of missing confounders. Generally, it is worse to miss a confounder than to 220 

adjust for a variable that actually doesn’t cause the exposure or the outcome as suspected. 221 
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Thus, we started with a saturated DAG, that is, a DAG including all arrows from variables 222 

occurring earlier in time leading to variables occurring later in time. We then determined 223 

whether there was strong evidence or logic to suggest that an arrow could be excluded. The 224 

only arrows that we excluded were (a) from parent history of anxiety to stuttering, (b) from 225 

both parent history of anxiety and family history of stuttering to age and sex. Exclusion (a) 226 

was based on empirical data showing no evidence of parent anxiety in a clinical cohort of pre-227 

schoolers who stutter (Park et al., 2021). Exclusions (b) were based on logical grounds. To 228 

avoid overcrowding the DAG with arrows, we have included “thick arrows” from a variable 229 

to indicate arrows to all variables below that occur later in life. 230 

The DAG in Figure 6 implies that parent history of anxiety is a mediator-outcome 231 

confounder and that family history of stuttering, age, sex, emotional stability of the home, and 232 

child temperament are exposure-mediator, mediator-outcome, and exposure-outcome 233 

confounders. Additionally, no mediator-outcome confounder is caused by the exposure. Thus, 234 

assuming data are available for the identified confounders, then it is possible to conduct a 235 

causal mediation analysis to test this proposed mediation model. That analysis can estimate 236 

the indirect effect of stuttering on social anxiety through negative peer reactions and negative 237 

self-perception, and the remaining direct effect. 238 

Testing our mediation model of social anxiety development during early childhood 239 

The value of any theoretical position about stuttering is limited by its testability 240 

(Packman, 2012). Testing a model establishes its veracity and can lead to its refinement or, 241 

ultimately, its abandonment in the face of repeated disconfirmation. To our knowledge, this is 242 

the first model about stuttering that is presented along with methodological details about how 243 

it might be tested.  244 

Study design 245 

A longitudinal cohort study of stuttering children and control children is the best way to 246 
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test the mediation model proposed in this paper. Such a study would recruit children who 247 

have recently started stuttering and age- and gender-matched controls who do not stutter, and 248 

prospectively follow them. A prospective design allows for the temporal ordering of events to 249 

be recorded, as this is an important factor in estimating causal relationships. Stuttering and 250 

matched control children could be studied with 4-monthly observations for 3 years after 251 

stuttering onset. 252 

A simple recruitment strategy is to source clinics to locate children who have been 253 

brought to speech-language pathologists shortly after onset. With this method, when a 254 

stuttering child has been recruited from a clinic, a matched nonclinical control can be 255 

established. A more methodologically rigorous—and resource-intensive—method is to recruit 256 

stuttering and control children from a community sample. Cases of stuttering onset could be 257 

identified in the community using previously established methods (Reilly et al., 2013). Those 258 

methods included community-distributed fridge magnets describing stuttering, along with a 259 

request to contact the researchers if a child starts to stutter.  260 

Measurement of variables. 261 

Parent history of anxiety and family history of stuttering could be assessed with parent 262 

interview at recruitment. Child sex and child age would be established with demographic 263 

information. The emotional stability of the home could be measured at recruitment with the 264 

Emotional Stability Scale (Chaturvedi & Chander, 2010) given to all adults living in the 265 

child’s home. Child temperament could be assessed by parents at recruitment with the 266 

Children’s Behavior Questionnaire (Rothbart et al., 2001). 267 

The exposure variable of stuttering could be determined with standard speech-language 268 

pathology procedures of parent interview telehealth, supplemented by parents uploading 269 

digital video recordings of the child talking during everyday situations. Negative peer 270 

reactions to stuttering could be measured with a simple method of parent report about 271 
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whether they observed that their child had received positive, negative, or neutral responses 272 

from peers when they stuttered. A more rigorous method would be to train parents to make 273 

observations of the child during everyday situations with peers, siblings, and relatives. With 274 

even more methodological rigour, research personnel could make visits to selected everyday 275 

child environments and make such observations independently. Negative self-perception 276 

could be measured at recruitment with the KiddyCat (Vanryckeghem & Brutten, 2007). The 277 

outcome variable of social anxiety could be measured with the social anxiety subscale of the 278 

Spence Children’s Anxiety Scale (Spence, 1998).  279 

Statistical analysis 280 

An inverse probability weighting approach coupled with Cox proportional-hazards 281 

regression (a survival analysis method) can be used to estimate the direct effect and indirect 282 

effect of stuttering (Lange et al., 2012). Inverse probability weighting is a procedure that 283 

involves assigning weights to each participant based on the probability of being exposed or 284 

unexposed to create a pseudo-population in which the probability of being exposed or 285 

unexposed is independent of confounding variables, as is the case in a randomized trial. The 286 

inverse probability weighting technique used in mediation analysis extends this idea by using 287 

weighting to mimic a sequentially randomized trial in which participants are randomly 288 

allocated to either have the exposure or not have the exposure, and then randomly allocated to 289 

either have the mediator or not have the mediator, while also taking into account the effect of 290 

the exposure on the mediator. This more advanced type of inverse probability weighting 291 

accounts for confounding assumptions1–4, assuming the correct specification of the model. 292 

Following the inverse probability weighting, the Cox proportional-hazards model can produce 293 

unbiased estimates of the indirect effect and direct effect of stuttering. The Cox model also 294 

accounts for participation dropout. 295 

A sensitivity analysis for unmeasured confounding can be conducted using E-values. 296 
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The E-values indicate the impact that potential unknown/unmeasured confounders would 297 

have on the effect estimates (VanderWeele et al., 2017). Thus, the sensitivity analysis would 298 

indicate how sensitive the results are to missing confounders. 299 

Potential benefits of a mediation model for social anxiety development during early 300 

childhood stuttering  301 

Clearly, early stuttering during childhood is associated somehow with development of 302 

social anxiety, manifesting as a core clinical issue during persistent stuttering. An empirically 303 

verified model of how social anxiety begins early in life, with mediators and confounders 304 

established, would have many benefits and challenges, potentially leading to paradigm shifts 305 

with early intervention. Some examples of how this might occur are presented below. 306 

 There is consensus in the field of early stuttering intervention that treatment should be 307 

delayed for some time after onset rather than beginning immediately (Lowe, Jelčić Jakšic, et 308 

al., 2021). Such an approach contains a tacit assumption that the debilitating effects of social 309 

anxiety that are associated with stuttering are independent of age. Yet, empirical development 310 

of our proposed mediation model may show that assumption to be wrong. Cohort studies 311 

report the age of stuttering onset to range from 18 months to 68 months (Ambrose et al., 312 

2015; Reilly et al., 2013). This introduces potential quantitative and qualitative age effects on 313 

anxiety development. Quantitatively, some children who begin to stutter will do so earlier 314 

than other children, and hence, will be exposed to stuttering for longer than other children, 315 

often for a number of years. From a qualitative perspective, the differences in cognitive 316 

development between 2-year-olds and 5-year-olds who begin to stutter are substantive. 317 

Hence, empirical testing of our model could reveal age to be an exposure-mediator 318 

confounder (see Figure 4), or a mediator-outcome confounder (see Figure 5). In other words, 319 

it could be that the development of social anxiety indeed is mediated by negative peer 320 

reactions or negative self-perception—or both—and that age of onset influences that process. 321 
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In such cases, it would not be clinically appropriate to apply a general rule to delay early 322 

stuttering intervention.  323 

At present, randomized clinical trials in the field have focused almost exclusively on 324 

stuttering severity reduction with early stuttering, using primary outcomes of the observable 325 

speech behaviors of stuttering (Sjøstrand et al. 2021). Presumably, this also carries the tacit 326 

assumption that stuttering reduction is the ideal way to prevent the development of a range of 327 

negative outcomes from stuttering, with social anxiety included. Testing of our model might 328 

substantiate this assumption, with the pathway from the exposure of stuttering to the outcome 329 

of social anxiety being straightforward, unmediated, and unconfounded by any variables. But, 330 

on the other hand, testing of our model might reveal the causal pathway to be affected to a 331 

clinically significant extent by child psychological issues. For example, negative self-332 

perception might be a prominent mediator of social anxiety development, with child 333 

temperament as a prominent confounder of that mediating variable. In such a case, this would 334 

signal potential limitations of interventions designed to control stuttering behaviors, and it 335 

would signal a need for continued development of interventions to establish positive self-336 

perception and psychological resilience in stuttering pre-schoolers, as seen in Druker et al. 337 

(2019).  338 

Another result to emerge from testing of our model might reveal a prominent role of 339 

parents in the development of childhood social anxiety. Regardless of other confounding 340 

variables on the pathway from the exposure of stuttering to the outcome of social anxiety, 341 

parents may have a clinically important influence. For example, parent history of anxiety, or 342 

the emotional stability of adults living in the home (see Figure 6), or both, may be 343 

confounders. In such cases, speech pathologists who assess and manage pre-schoolers who 344 

stutter may be advised to screen the mental health of all adults in a child’s life and provide 345 

psychological support services to them as needed. 346 
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Conclusion 347 

Anxiety is a core clinical concern for those who stutter and for researchers who seek to 348 

understand it. For some children who stutter, social anxiety develops and persists into 349 

adulthood, contributing to substantial quality of life impairment and burden of illness. This 350 

paper presents the first attempt to explain that process, using a mediation model. Our 351 

proposed model involves the exposure variable of stuttering during early childhood and the 352 

outcome variable of social anxiety, with several confounder and mediator variables. We 353 

present a research method that would enable testing and refinement of this model. The 354 

intended benefit of this innovation is to direct future clinical directions for clinical 355 

management of stuttering shortly after childhood onset. 356 
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Figure Captions 576 

 577 

Figure 1. A mediation model of an exposure E causing an outcome O, and a mediator M. 578 

 579 

Figure 2. An exposure E causing an outcome O, with a confounder C that causes E and also 580 

causes O. 581 

 582 

Figure 3. C is a confounder of the mediator M and the outcome O. 583 

 584 

Figure 4. C is a confounder of the mediator M the exposure E. 585 

 586 

Figure 5. Two ways that the mediator-outcome confounder C can itself be influenced by the 587 

exposure E. 588 

 589 

Figure 6. A Directed Acyclic Graph (DAG) summarising our knowledge and hypotheses 590 

about the process of how stuttering may lead to social anxiety early in life through 591 

negative peer reactions and negative self-perception. 592 
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