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Abstract 
This study explored relations between children’s performance during the Trier Social Stress Test for Children (TSST-C) and their cognitive and motor development. Public speaking and arithmetic portions of the TSST-C were coded for 860 and 815 Chilean 10-year-olds, respectively, and compared to their standardized cognitive and motor test scores. Linear effects indicated better cognitive and motor abilities with ratings of less nervousness and better coherency, ideas and development, and organization in the public speaking portion, and more mental arithmetic success in the arithmetic portion. To our knowledge, no previous studies have assessed the relations between performance during the TSST-C and children’s cognitive and motor function. Such relations are important, as they might influence biological responses to this widely used stress paradigm.  
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Este estudio exploró las relaciones entre el rendimiento de los niños en la prueba “Trier Estrés Social para la Infancia” (TSST-C) y su desarrollo cognitivo y motor. El hablar en público y la resolución de operaciones aritméticas de la TSST-C fueron codificados para 860 y 815 niños chilenos de 10 años de edad, respectivamente, y se compararon con los puntajes estandarizados obtenidos de la prueba cognitiva/motora. Efectos lineales indicaron que mayores habilidades cognitivas y motoras  estaban asociadas a menor nerviosismo y  a una mayor coherencia, más ideas y mejor desarrollo, así como en la organización en la parte de hablar en público y el éxito en el desempeño en la parte aritmética. Hasta donde sabemos, no hay estudios que hayan evaluado la relación entre el rendimiento en el TSST-C y la función cognitiva y motora de los niños. Estas relaciones son importantes ya que pueden influir en las respuestas biológicas a este paradigma de estrés ampliamente utilizado.

The Trier Social Stress Test (TSST) is a widely used standard stress protocol that consists of public speaking and mental arithmetic in front of an observer (Kudielka et al., 2007). It is typically used in studies of biological stress responses (Kudielka et al., 2007), especially cortisol, blood pressure, or heart rate. While it has been suggested that the value of the TSST could be enhanced by exploring qualitative themes and unanticipated responses (Williams et al., 2004), there is a dearth of any such studies.
We used the Trier Social Stress Test for Children (TSST-C; Buske-Kirschbaum et al., 1997) as a social-emotional measure rather than a physiological stress measure in a follow-up study involving over 1,000 Chilean 10-year-olds (Author, 2014). In coding the TSST-C for affect and indicators of anxiety and/or social distress, coders noticed varied and interesting content during public speaking and different levels of effort and success doing mental arithmetic problems. These observations raised questions about performance on the TSST-C that were unrelated to our original study. Specifically, we asked whether attempting to tell a story, do mental arithmetic, and other aspects of performance were related to cognitive and motor development. Any such relationship is important methodologically, as it could influence children’s physiological reactivity to this widely-used stress paradigm and its interpretation. To our knowledge, this is the first study to analyze children’s performance during the TSST-C in relation to overall development.
Methods
Participants 
Data were collected in the course of a study of the behavioral and developmental effects of preventing iron-deficiency anemia in healthy full-term infants (Author, 2003). The project was a collaboration between the University of Michigan and the Instituto de Nutrición y Tecnología de los Alimentos (INTA) at the University of Chile.  
The infancy phase was conducted from 1991-1996. Infants from working-class communities in the outskirts of Santiago, Chile, who received well child care in community clinics were considered for study participation. Included infants were born at term, weighed 3.0 kg or more, and were free of acute or chronic health problems. Exclusion criteria included unstable caregiver or no caregiver able to accompany the child to testing appointments; infant in day care; residence outside the neighborhoods; and more than 1 child under 12 months of age in the household at the time of entrance into the project. Total enrollment was 1,657; details have been previously published (Author, 2003).
	For the follow-up at 10 years, 1,032 children participated (38% attrition). Of those not tested, the majority had moved out of the area or could not be located due to the high mobility of the urban population. The remainder repeatedly missed testing appointments or declined to participate, generally due to parental work schedules. There were no differences between those who were or were not assessed at 10 years in gestational age, birth length, maternal age, stressful life events, and depressive symptoms, single parent status, number of people in the household, parental education, stimulation in the home, and socioeconomic status. Children not in the follow-up were from families with slightly more children in the infancy phase (2.2 v. 2.1; p < .05) and their mothers had somewhat lower IQ (p < .05), but the difference was < 1.0 point. 
	Videotaped TSST-C paradigms were available for 974 of the 1,032 participants in the 10-year follow-up. Public speaking samples for 114 children were eliminated due to technical difficulties with the recording media, resulting in a final sample of 860 children. Of these, 815 had codable mental arithmetic portions: 45 were omitted due to technical difficulties. In this large sample, two small differences in background characteristics between children excluded due to technical difficulties and those included reached a suggestive level of statistical significance (p < .10). Children excluded were slightly older when tested (mean age in years = 10.04 excluded vs. 10.02 included), and their fathers were somewhat less educated (9.1 vs. 9.8 years). 
Procedures
	Signed informed consent was obtained from parents or caregivers for both the infancy and 10-year phases as well as signed assent from the children at the 10-year phase. Research protocols for both phases were approved by the Institutional Review Boards of the University of Michigan Medical Center, Ann Arbor, and of INTA, University of Chile, Santiago.
For the TSST-C, a psychologist instructed the children to complete an unfinished story (the public speaking portion) and perform serial subtractions (the arithmetic portion) while being videotaped. The unfinished story, selected by English-speaking children as exciting and difficult to finish (Buske-Kirschbaum et al., 1997), was translated into Spanish by Chilean co-investigators. The children were given the beginning of the story about a visit to “Señor Greg” and his scary house. They had five minutes to prepare an ending and were told to make it as exciting as possible and do better than the other children. Next, they were videotaped for three minutes while finishing the story in front of an examiner. If they stopped talking before three minutes, the examiner asked the children to continue in a non-judgmental manner. After the three minutes, the children performed mental arithmetic for two minutes. The children were instructed to subtract serially 7 from 758. When an error was made, the children had to start over at 758.
The TSST-C was coded by Spanish-speaking undergraduate students at the University of Michigan for affect and indicators of anxiety and/or social distress related to the original study (Author, 2014). An exploratory coding system related to questions of performance was suggested and refined by the research team. Two Spanish-speaking graduate students finalized the coding of the public speaking portion, reached ≥80% inter-rater reliability, and coded all stories. A Spanish-speaking undergraduate finalized coding for the mental arithmetic portion and reached ≥80% intra-rater reliability. Coders were blind to background characteristics.
For the public speaking portion, coders first scored whether or not the child told a story at all, as many children said nothing or only a few sentences. Coders next rated all children, regardless of whether or not they told a story, on 4-point scales for nervousness (rarely, sometimes, often, always) and self-confidence (low, sometimes, often, very confident). 
The remaining scales and codes applied to those children who told a story. Coherency and repetition of ideas/sentences were rated on four-point scales (rarely, sometimes, often, always; and none, rarely, sometimes, often, respectively). Other variables coded included whether the child needed prompting to keep talking (yes/no), the child included himself in the story/talked in the first person (yes/no), only humans or humans in combination with fictional characters, such as vampires, were present in the story, the story was finished or resolved in three minutes (yes/no), and, if finished, who resolved the story (children only or adults and/or children). If the story was not finished, coders made a global judgment about whether or not the child would have completed the story if given more time. This judgment was based on overall performance, paying particular attention to the flow and continuity of the story being told and whether or not the child quit or gave up telling the story before time was up. Coders also recorded if three themes were present: violent (i.e, weapons), scary (i.e., ghosts) and happy (i.e., friends). More than one theme could occur or none at all. 
Finally, coders used two four-point rating scales inspired by the written expression portion of the Wechsler Individual Achievement Test (WIAT; Wechsler, 1992). One scale considered ideas and development of the story (1-weak ideas, 2-adequately supported ideas, 3-good, 4-extensive development of ideas). The other scale considered organization, unity and coherence together (1-lack of plan, may be incoherent, 2-small amount of organization, 3-fairly well-organized, 4-completely organized).
For the mental arithmetic portion, the coder assessed whether the child attempted arithmetic problems. The coder then counted the number of times the child started over, incorrect attempts, correct attempts, and smiles. Four-point Likert-like scales were rated for looking around (1-at examiner, 2-mostly at examiner, 3-mostly around room, 4-no eye contact with examiner) and nervousness (1-rarely, 2-sometimes, 3-often, and 4-consistently). 
Coders also noted anything unusual, such as mentions of domestic violence in the public speaking portion and problem solving help from the examiner in the mental arithmetic portion.
Developmental assessment at 10 years
	Overall cognitive and motor function at 10 years was assessed by the abbreviated Wechsler Intelligence Scale for Children-Revised (WISC-R; Wechsler, 1974), the Wide Range Achievement Test-Revised (WRAT-R) as a measure of arithmetic achievement (Jastak & Wilkinson, 1984), the Beery-Buktenica Developmental Test of Visual-Motor Integration (VMI; Beery, 1967) and its supplemental tests of Visual Perception and Motor Coordination, and the short form of the Bruininks-Oseretsky Test of Motor Proficiency (Bruininks, 1978). Evaluations conducted by experienced psychologists occurred on the same day as the TSST-C. 
Background factors
Detailed background information was obtained at the 10-year follow-up, mostly from mothers. The Graffar (Alvarez et al., 1985) measured families’ socioeconomic status. It is widely used measure in Chile and includes questions about number of persons in the house, parental education, work, and major household possessions. The questionnaire form of the Home Observation for Measurement of the Environment-Revised (HOME-R; Caldwell & Bradley, 1984) assessed the home environment. Maternal depressed mood was measured by the Spanish-language version of the Center for Epidemiologic Depression Scale (Radloff, 1977). Mothers or primary caregivers also reported life stressors (Holmes & Rahe, 1967) and children’s social-emotional function via the Child Behavior Checklist (CBCL; Achenbach & Edelbrock, 1983).
Data analysis
Independent sample t-tests and analyses of variance were used to examine the relations between 10-year cognitive and motor outcomes and coded variables. Pearson correlations for continuous variables and t-tests or Chi-square for binary variables were used to explore the relations between background characteristics and coded variables that showed statistically significant differences by cognitive/motor outcomes. The following background characteristics were considered: gender; age at follow-up; birth weight; iron status and iron supplementation in infancy; parental education; father absence; maternal age, depressed mood, and number of children; socioeconomic status, total HOME-R score, and number of stressful live events in the past year. Theoretically, we thought that performance in the public speaking portion of the TSST-C might be influenced or mediated by social-emotional behavior. Therefore, we also considered CBCL t-scores for externalizing and internalizing problems. The t-scores were relative to age-normed scores based on the U.S. standardization sample. Background characteristics even marginally (p ≤ .10) related to significant variables were considered in analyses of covariance (ANCOVA). Characteristics not statistically significant were removed sequentially until the most parsimonious model remained. Generalized linear model analyses tested for linear effects of cognitive and motor outcomes on the Likert-type ratings. 
	Data were analyzed using IBM SPSS Statistics 21 (IBM Corp., 2012, Armonk, NY). An alpha level of 0.05 was defined for tests of statistical significance.
Results
	Characteristics of the 10-year sample are shown in Table 1. Most mothers and fathers had not completed secondary school. Families were in the medium range of the lower-class spectrum. Results shown below are adjusted for significant covariates.
Table 1.
Sample characteristics (n = 860a) 
	 
	Mean ± SE b

	Child
	

	Age at testing, years
	10.0 ± 0.0

	Gender, % male (n)
	53 (452)

	Birth weight, g
	3549.5 ± 12.4

	Iron status in infancy, % ever anemic (n)
	14.2 (122)

	Iron supplemented in infancy, % yes (n)
	66.3 (570)

	Family 
	

	Maternal IQc
	85.3 ± 0.4

	Maternal education, years
	9.8 ± 0.1

	Paternal education, years
	9.8 ± 0.1

	Father absent, % (n)
	26.4 (227)

	Maternal depressive symptomsd
	18.1 ± 0.4

	Socioeconomic indexe
	34.4 ± 0.3

	Home environmentf
	36.5 ± 0.2

	Life stress g
	5.0 ± 0.1

	Developmental outcomes
	

	Wechsler Intelligence Scale for Children-Revised, Total IQ
	91.7 ± 0.4

	Wide Range Achievement Test-Revised, Arithmetich
	88.5 ± 0.4

	Beery-Buktenica Developmental Test of Visual-Motor Integration 
	97.7 ± 0.4

	Visual Perception 
	91.4 ± 0.5

	Motor Coordination 
	91.4 ± 0.4

	Bruininks-Oseretsky Test of Motor Proficiency
	45.3 ± 0.4

	Social-emotional function
	

	Child Behavior Checklist t-score, Total Externalizing
	58.3 ± 0.3

	Child Behavior Checklist t-score, Total Internalizing
	64.4 ± 0.3


a n varies slightly due to occasional missing data for some measures.  
b Values are (%) n for categorical variables.
c Obtained in the infancy phase by a short form of the Wechsler Adult Intelligence Scale-Revised 
d Measured by Center for Epidemiologic Studies Depression Scale.
e Measured by the Graffar scale, designed to differentiate families at the lower end of the socioeconomic spectrum. A score of 34 falls in the medium range of the lower class spectrum.
f Assessed by Home Observation for Measurement for the Environment-Revised.
g Measured by a scale modified from Holmes & Rahe, 1967.
h While we initially tried to assess reading using the WRAT-R, the reading portion of the measure was dropped early due to the phonetic nature of Spanish which lead to extremely high scores with little variability.

 Public speaking 
	All 860 children were rated on nervousness and self-confidence, regardless of whether they told a story or not. Compared to children rated as less nervous, those rated as more nervous scored significantly lower on IQ (F(3,695) = 5.28, p =.001) and visual perception (F(3,699) = 3.89, p = .009) and marginally lower on motor proficiency (F(3,840) = 2.36,  p = .07). The same cognitive and motor tests showed statistically significant linear relations to the nervousness rating, indicating decreasing cognitive and motor scores with increasing nervousness. Arithmetic achievement showed a marginally significant linear effect (p = .052) as well. There were no significant differences in cognitive and motor outcomes between children on self-confidence. 
Seven hundred twenty-six children (84%) told stories, while 134 (16%) did not. Children who did not tell a story scored significantly lower than children who did on IQ (F(1,702) = 14.59, p <.001; M = 87.9, SE = 0.49 vs. M = 92.7, SE = 1.17) and arithmetic achievement (F(1,689) = 4.14, p =.04; M = 86.2, SE = 1.14 vs. M = 88.8, SE = 0.48). There were no differences on motor proficiency, visual-motor integration, visual perception, or motor coordination. 
	The following results apply to the 726 children who told a story. Several cognitive and motor outcomes showed statistically significant linear effects on public speaking ratings, that is, increasing IQ, motor proficiency, and arithmetic achievement scores with increasing public speaking performance ratings (Figure 1). These included ratings of coherency, ideas and development, and organization, unity and coherence. 
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Figure 1. Cognitive and motor outcomes demonstrating statistically significant linear relations with public speaking ratings of coherency, ideas and development, and organization. Developmental test scores increase as do ratings of coherency (1-rarely, 2-sometimes, 3-often, 4-always), ideas and development (1-weak ideas, 2-adequately supported ideas, 3-good, 4-extensive development of ideas) and organization (1-lack of plan, may be incoherent, 2-small amount of organization, 3-fairly well-organized, 4-completely organized). Not shown are linear effects of motor coordination and ratings of coherency and organization (p<.01) and visual perception and ratings of ideas and development and organization (p<.01). Results shown are adjusted for significant covariates.

	Twenty-five percent of the children spoke in the first person at some time during the story. These children scored higher than children who spoke in the third person on visual perception (F(1,712) = 3.84, p = .050; M = 93.7, SE = 1.11 vs. M = 91.2, SE = .65). As well, children whose stories involved fictional characters, such as monsters or vampires, in addition to human characters (25%), scored significantly higher than children whose stories included only humans (75%) on motor proficiency (F(1,699) = 3.93, p = .048; M = 46.8, SE = 0.77 vs. M = 45.0, SE = 0.44) and visual perception (F(1,703) = 8.51, p = .004; M = 94.6, SE = 1.13 vs. M = 90.8, SE = 0.65). 
	Less than half (n = 323/722, 44.7%) of the children who told a story were rated as finishing their story in a coherent fashion within time. Children who finished their story scored significantly higher than children who did not resolve their story on IQ (F(1,591) = 5.85, p = .016; M = 94.1, SE = 0.70 vs. M = 91.8, SE = 0.66) and arithmetic achievement (F(1,580) = 4.42, p = .036; M = 89.9, SE = 0.67 vs. M = 88.0, SE = 0.63). Of the children who finished their stories, those whose story resolution included adults instead of, or in addition to, children scored significantly or marginally higher on several outcomes than those whose stories were resolved by children only: IQ (F(1,316) = 8.29, p = .004; M = 96.0, SE = 0.86 vs. M = 91.8, SE = 1.16), motor coordination (F(1,306) = 4.69, p = .031;M = 92.7, SE = 0.76 vs. M = 89.9, SE = 1.04), and visual perception (F(1,316) = 3.43, p = .065; M = 93.4, SE = 1.07 vs. M = 90.1, SE = 1.45).
	Among children who did not finish their story in the allotted time, 113 were rated as being able to resolve their story if they had more time (n = 113/397, 28.5%). They scored significantly higher than children rated as unable to finish their story on motor proficiency (F(1,394) = 4.07, p = .044; M = 46.6, SE = 0.97 vs. M = 44.3, SE = 0.61) and arithmetic achievement (F(1,304) = 4.85, p = .028; M = 89.8, SE = 1.15 vs. M = 86.8, SE = .76). There was a suggestive difference on visual-motor integration (F(1,391) = 3.10, p = .079; M = 99.5, SE = 1.20 vs. M = 97.0, SE = .76).
	There were no significant differences in repetition, prompting, or use of violent, scary, or happy themes between children who scored higher or lower on cognitive and motor outcomes.
Mental arithmetic 
Regardless of whether the children attempted to solve any arithmetic problems, all 815 children with mental arithmetic portions were rated on nervousness. All cognitive and motor outcomes showed statistically significant linear relations with nervousness, that is, decreasing cognitive and motor scores with increasing nervousness (Figure 2).
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Figure 2. Cognitive and motor outcomes demonstrating statistically significant linear effects of nervousness during the mental arithmetic portion. As nervousness ratings increase (1-rarely, 2-sometimes, 3-often, 4-consistently), developmental test scores decrease. Results shown are adjusted for significant covariates.

Seven-hundred sixty children (93%) attempted to do serial subtraction at least once, while 55 (7%) did not. Children who did not attempt to subtract scored significantly lower than children who did on almost all outcomes: IQ (F(1,599) = 39.9, p = .00; M = 81.9, SE = 1.7 vs. M = 92.9, SE = 0.5), arithmetic achievement (F(1,587) = 22.2, p = .00; M = 80.5, SE = 1.8 vs. M = 89.1, SE = 0.5), visual-motor integration (F(1,733) = 10.3, p = .00; M = 92.1, SE = 1.7 vs. M = 97.9, SE = 0.5) motor coordination (F(1,707) = 9.7, p = .00; M = 86.2, SE = 1.6 vs. M = 91.5, SE = 0.4) and motor proficiency (F(1,797) = 12.6, p = .00; M = 40.9, SE = 1.4 vs. M = 45.9, SE = 0.4). There was no difference in visual perception.
Of the 760 children who attempted the arithmetic task, those who made mistakes scored marginally lower than those who did not for IQ, visual perception, and arithmetic achievement (data not shown; p values = .051-.099). All developmental outcomes demonstrated a statistically significant linear effect (data not shown; all p values < .001) on number of correct answers, that is, increasing cognitive and motor scores with increasing number of correct answers.
Discussion 
	We found an association between children’s performance during the TSST-C and their cognitive and motor development. Linear effects indicated better cognitive and motor abilities with ratings of better coherency, ideas and development, and organization in public speaking, more mental arithmetic success, and less nervousness on both portions. To our knowledge, previous studies have not assessed the relations between performance during the TSST-C and cognitive and motor function. Such relations could be important, as they may influence biological response to this widely used stress paradigm. 
In a study of adults, Fiocco, Joober, and Lupien (2007) considered the effects of education level on stress reactivity (as measured by cortisol), neurocognitive function (including verbal fluency and digit span), and subjective stress ratings (reported by participants after the TSST). They found no differences in subjective stress or digit span scores between adults with higher and lower education levels. However, adults with higher education levels had higher cortisol levels overall, while adults with lower education levels increased cortisol production most from pre- to post-TSST. Adults with lower education scored lower on a verbal fluency assessment. The authors concluded that adults with lower education levels may have found the TSST more stressful because of their diminished verbal fluency, leading to higher physiological stress response. If different education levels in adults can impact physiological stress response, then it seems plausible that different levels of cognitive and motor proficiency in children could impact stress reactivity to the TSST-C. We were able to identify only one study that examined the relations between verbal ability and stress as measured by the TSST-C (Lanni et al., 2012). No relationship was found, but a major limitation is that all participants in the study had autism. 
Our findings regarding children’s nervousness during the TSST-C add credence to Fiocco et al.’s suggestion that individuals with lower verbal fluency may find the paradigm more stressful. The significant linear relations we found indicated that children’s nervousness increased as their developmental test scores decreased. Children with at least some awareness of their academic limitations may be more nervous speaking in public and doing mental arithmetic. 
Our study cannot determine whether the association we found between performance and development impacted physiological and psychobiological responses to the TSST-C. These are the common outcomes measured by this stress paradigm (Gunnar et al., 2009; Kudielka et al., 2007). The TSST-C effectively increases cortisol in nearly all children aged 13 years or older (see review (Gunnar et al., 2009)), but the results are mixed regarding the paradigm’s ability to elicit increases in cortisol reliably in children ages 10-13. The difference could be due to the influence of pubertal development on the activation of the hypothalamic-pituitary-adrenocortical (HPA) axis (Gunnar et al., 2009). Our findings suggest that overall cognitive and motor development also influences how children respond to the TSST-C. This association should be explored in relation to cortisol in future studies and, if confirmed, controlled statistically to reduce error and bias.
	The observed association between overall development and TSST-C performance remained significant when controlling for important background factors that correlated with outcomes. We considered whether behavior problems, especially along the internalizing dimension (anxiety/depression, withdrawal, social problems) might account for our findings. Social-emotional behavior, as measured by CBCL t-scores for total externalizing and internalizing problems, did not explain the association. 
Our finding of linear relations between arithmetic achievement and number of correct serial subtractions is not surprising. However, the linear trend was strong not just with arithmetic achievement or IQ, but with visual-motor integration, motor coordination, and motor proficiency as well. This lends further support to our suggestion that success during the TSST-C and overall development are intertwined. Indeed, we found better success as measured by several variables on the TSST-C associated not only with better cognitive function but also with better motor proficiency, visual perception, and motor coordination. While cognitive and motor function are inextricably linked in early child development (Diamond, 2000), motor development is often understudied. One study that sought to relate motor activity to stress using the TSST-C (Schlotz et al., 2007) did not assess relations between story completion, arithmetic ability, and motor development per se. Thus, comparisons to our study are difficult. Future research should elucidate further the relationship between motor function, speech competence, and potential stress reactivity during the TSST-C.
This study has several limitations. We did not have physiological measures of stress, such as cortisol or blood pressure. There is no standard use of the TSST-C as a social-emotional measure. Also, we cannot rule out that test-taking anxiety affected performance on both the developmental tests and the TSST-C. It should be noted, however, that the project team made every effort to help children be comfortable during developmental testing. Children were accompanied by their primary caregiver and were familiar with examiners because of the longitudinal nature of the study. Furthermore, testing was individual, with no comparison between other children, and with positive regard from study personnel no matter the level of performance.
Our findings suggest important methodological considerations for future studies that utilize the TSST-C. If our observations are confirmed, then cognitive and motor development should be taken into account in using and interpreting the TSST-C. Furthermore, nonperformance should be considered and analyzed as a potential important outcome. Further research using the TSST-C should directly examine the relationship between children’s overall cognitive and motor development and their psychological, endocrine, and cardiovascular responses to the stressor, much as Fiocco et al. did in finding a link between adults’ education level and cortisol reactivity to the TSST. Finally, relations between stress response and cognitive and motor function warrant elucidation not only in children but in adolescents and adults as well. 
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