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In three experiments, we investigated how age-related differences in cognitive performance are exacerbated by age-based stereotype threat. We adopted a strategy approach and investigated a domain, namely arithmetic, where age-related differences in participants' performance are either non-existent or very small and where effects of age-based stereotype threat have never been investigated. In two types of tasks (problem verification in Expt. 1 and computational estimation in Expts. 2 & 3), we found that age-based stereotype threat led older adults to obtain poorer performance, to adopt less systematically and less often the better strategy on each problem, to repeat the same strategy across trials even when it was inappropriate, and to execute available strategies more poorly. We also found that poorer strategy use mediated threat effects and that individual differences in processing resources moderated individuals' sensitivity to effects of stereotype threat. Our results establish that agebased stereotype threat effects are independent of the cognitive domain or tasks in which they are studied and of pre-experimental differences in young and older adults' performance. They deepen our knowledge of the mechanisms underlying age-based, and other, stereotype threat effects. They also document how domain-general and domain-specific processing resources moderate individual differences in age-based stereotype threat effects. Our findings have important implications to improve our understanding of how and when age-based (and other) stereotype threat effects occur, and, more generally, how psychosocial factors modulate agerelated changes in human cognition.

Introduction

Negative aging stereotypes (e.g., older adults viewed as being slow, incompetent, forgetful, and senile) are widely held in our society (e.g., [START_REF] Kite | Attitudes toward older and younger adults: A meta-analysis[END_REF][START_REF] Stein | The effects of age-stereotype priming on the memory performance of older adults[END_REF]see Hummert, 1999;[START_REF] Kite | Attitudes toward younger and older adults: An updated meta-analytic review[END_REF], for reviews). These stereotypes make older adults vulnerable to age-based discrimination and put them at the risk of experiencing stereotype threat -a predicament that occurs when people encounter situations in which they feel they might confirm the negative stereotype about their group [START_REF] Steele | Stereotype threat and the intellectual test performance of African Americans[END_REF]. It is now well established that age-based stereotype threat (ABST) can lead to significant decrements in older adults' cognitive performance (see Barber, 2017;[START_REF] Barber | Stereotype threat in older adults: When and why does it occur, and who is most affected?[END_REF][START_REF] Chasteen | Aging and stereotype threat: Development, process, and interventions[END_REF]Lamont, Swift, & Abrams, 2015, for reviews). However, some important issues remain. First, mechanisms underlying ABST are still at a speculative stage. Second, unknown is whether some cognitive resources might help older adults resist (or be less vulnerable) to ABST effects. Third, whether ABST is powerful enough to affect older adults' cognitive performance in domains undergoing no (or much less) age-related declines is an open question. We address these issues in the present research and thus provide new insights to further understand ABST effects.

Effects such as ABST are important to study when we try to understand age-cognition relations, as they suggest that psychosocial factors have a crucial role on age-related deficits on cognition. These psychosocial factors influence older adults' cognitive performance above and beyond general cognitive factors already established, like slower processing rates [START_REF] Salthouse | The processing-speed theory of adult age differences in cognition[END_REF], decreased working memory [START_REF] Foos | Adult age differences in working memory[END_REF], declines in attentional resources [START_REF] Craik | Aging and cognitive deficits: The role of attentional resources[END_REF], or sensory deficits [START_REF] Baltes | Emergence of a powerful connection between sensory and cognitive functions across the adult life span: A new window to the study of cognitive aging[END_REF]. Here, in three experiments, we investigated strategic aspects underlying ABST effects and tested potential cognitive moderators. We carried out these experiments in the domain of arithmetic, where young and older adults usually show comparable baseline performance. Before outlining the logic of the present project, we review previous relevant findings on ABST effects and on aging and strategic variations.

Detrimental impact of ABST has been robustly found on cognitive tests typically used in lab experiments (e.g., [START_REF] Hess | The impact of stereotype threat on age differences in memory performance[END_REF][START_REF] Mazerolle | Stereotype threat strengthens automatic recall and undermines controlled processes in older adults[END_REF] as well as on short cognitive tests used in clinical settings for dementia screening (e.g., [START_REF] Barber | How stereotype threat affects healthy older adults' performance on clinical assessments of cognitive decline: The key role of regulatory fit[END_REF][START_REF] Mazerolle | Negative aging stereotypes impair performance on brief cognitive tests used to screen for predementia[END_REF]. Although most ABST effects have been investigated in the domain of memory (see [START_REF] Armstrong | Stereotype threat Effects on older adults' episodic and working memory: A meta-analysis[END_REF]Barber, 2017;[START_REF] Barber | Stereotype threat in older adults: When and why does it occur, and who is most affected?[END_REF][START_REF] Lamont | A review and meta-analysis of agebased stereotype threat: Negative stereotypes, not facts, do the damage[END_REF], for reviews), they have also been found in other domains such as physical abilities, skill acquisition, and driving [START_REF] Abrams | An age apart: The effects of intergenerational contact and stereotype threat on performance and intergroup bias[END_REF][START_REF] Gaillard | Regulatory focus moderates the influence of age-related stereotypic expectancies on older adults' test performance and threatbased concerns[END_REF][START_REF] Haslam | When the age is in, the wit is out": Age-related self-categorization and deficit expectations reduce performance on clinical tests used in dementia assessment[END_REF][START_REF] Joanisse | The impact of stereotype threat on the simulated driving performance of older drivers[END_REF][START_REF] Lambert | Stereotype Threat Impairs Older Adult Driving[END_REF][START_REF] Swift | Are they half as strong as they used to be? An experiment testing whether age-related social comparisons impair older people's hand grip strength and persistence[END_REF]. ABST detrimental effects are readily observable and fairly easy to produce with instructional manipulations [START_REF] Haslam | When the age is in, the wit is out": Age-related self-categorization and deficit expectations reduce performance on clinical tests used in dementia assessment[END_REF], such as simply emphasizing the memory component of the test [START_REF] Desrichard | A threat in the elder: The impact of task instructions, self-efficacy and performance expectations on memory performance in the elderly[END_REF][START_REF] Kang | The moderating role of age-group identification and perceived threat on stereotype threat among older adults[END_REF][START_REF] Rahhal | Instructional manipulations and age differences in memory: Now you see them, now you don't[END_REF], highlighting differences in performance between young and older adults [START_REF] Hess | The impact of stereotype threat on age differences in memory performance[END_REF][START_REF] Hess | Age-related variation in the influences of aging stereotypes on memory in adulthood[END_REF], or implicitly activating negative aging stereotypes [START_REF] Levy | Improving memory in old age through implicit self-stereotyping[END_REF][START_REF] Stein | The effects of age-stereotype priming on the memory performance of older adults[END_REF]. Likewise, older adults' performance can be restored under some conditions, like when instructions de-emphasize the memory component of the test (e.g., [START_REF] Desrichard | A threat in the elder: The impact of task instructions, self-efficacy and performance expectations on memory performance in the elderly[END_REF][START_REF] Rahhal | Instructional manipulations and age differences in memory: Now you see them, now you don't[END_REF] or when the task is presented as usually showing no-age differences (e.g., [START_REF] Brubaker | The effects of stereotype threat on the associative memory deficit of older adults[END_REF][START_REF] Hess | The impact of stereotype threat on age differences in memory performance[END_REF][START_REF] Mazerolle | Stereotype threat strengthens automatic recall and undermines controlled processes in older adults[END_REF][START_REF] Mazerolle | Stereotype Threat Alters the Subjective Experience of Memory[END_REF].

Previous studies have investigated ABST effects in domains where pronounced agerelated differences have been already established, like memory [START_REF] Old | Differential Effects of Age on Item and Associative Measures of Memory: A Meta-Analysis[END_REF], motor behaviour [START_REF] Voelcker-Rehage | Motor-skill learning in older adults-a review of studies on age-related differences[END_REF], skill acquisition [START_REF] Head | Agerelated differences in the course of cognitive skill acquisition: The role of regional cortical shrinkage and cognitive resources[END_REF], and driving skills [START_REF] Chaparro | Age-related differences in driving performance and target identification[END_REF]. However, an interesting issue is whether ABST is powerful enough to also occur in domains where older adults are as proficient as young adults or where age-related differences are smallest. Some research conducted on gender stereotypes in STEM fields found stereotype threat effects (i.e., decreased math performance in women relative to men) in tasks showing no baseline differences in men's and women's performance [START_REF] Pavlova | Perception of intentions and actions: gender stereotype susceptibility[END_REF][START_REF] Pavlova | Gender Stereotype Susceptibility[END_REF].

It is important to determine whether ABST effects also occur in cognitive domains where age-related differences are inexistent or smaller for several reasons. It would enable us to know if ABST effects exist independently of older adults' baseline performance like other stereotype threat effects or rather function with specificities inherent to aging processes. It would enable to compare magnitudes of ABST effects in domains where age-related differences in baseline performance exist and in domains where they do not exist (or are much smaller). It would also contribute to determine whether older adults' high proficiency in one domain gives them resources to resist stereotype threat effects. Finally, it would help to better estimate how stereotype threat contributes to age-related differences in cognitive performance. We addressed these issues here by testing ABST in arithmetic, a domain where age-related differences are either non-existent or much smaller (see [START_REF] Duverne | Aging and Arithmetic[END_REF][START_REF] Uittenhove | Numerical cognition during cognitive aging[END_REF], 2018, for reviews).

The mathematical domain has been the focus of many gender stereotype threat research in STEM fields (e.g., [START_REF] Beilock | Stereotype threat and working memory: Mechanisms, alleviation, and spill over[END_REF][START_REF] Beilock | Math Performance in Stressful Situations[END_REF][START_REF] Huguet | Stereotype Threat Among School Girls in Quasi-Ordinary Classroom Circumstances[END_REF], 2009;[START_REF] Schmader | Gender identification moderates stereotype threat effects on women's math performance[END_REF][START_REF] Schmader | Converging evidence that stereotype threat reduces working memory capacity[END_REF][START_REF] Spencer | Stereotype Threat[END_REF][START_REF] Spencer | Stereotype threat and women's math performance[END_REF][START_REF] Quinn | The interference of stereotype threat with women's generation of mathematical problem-solving strategies[END_REF][START_REF] Smeding | Order of administration of math and verbal tests: An ecological intervention to reduce stereotype threat on girls' math performance[END_REF], while memory has been the main focus of ABST research. To our knowledge, only one study investigated ABST in the math domain [START_REF] Abrams | Threat inoculation: Experienced and imagined intergenerational contact prevents stereotype threat effects on older people's math performance[END_REF], and showed that older adults' math performance was impaired when differences in performance between young and older adults were highlighted. However, there were two limitations in this study. First, participants had to solve only 15 problems, and the type and list of problems were not provided. So, it is impossible to know what type of arithmetic processes was influenced by ABST. Second and more importantly, individuals' arithmetic fluency was not assessed independently of the target math test. It is thus impossible to know whether group differences were the result of ABST manipulations or of group differences in baseline arithmetic performance. The present study tested many more arithmetic problems, the solution process of which has been investigated in previous research examining aging effects on arithmetic performance. We also assessed individuals' arithmetic fluency with a test that was independent of the experimental arithmetic tasks and controlled that ABST effects were not contaminated by group differences in arithmetic fluency.

An additional reason to examine stereotype threat effects in arithmetic concerns the mechanisms underlying ABST effects, as findings from arithmetic shed important light on both domain-general and domain-specific cognitive processes as well as on age-related changes in these processes (see [START_REF] Kadosh | The Oxford Handbook of Numerical Cognition[END_REF]Gilmore, Göbel, & Inglis, 2018, for overviews).

Currently, there is no consensus on how stereotype threat impairs older adults' cognitive performance. Research with young adults in the stereotype threat literature has found anxiety (e.g., [START_REF] Steele | A threat in the air: How stereotypes shape intellectual identity and performance[END_REF][START_REF] Steele | Contending with group image: The psychology of stereotype and social identity threat[END_REF][START_REF] Osborne | Testing stereotype threat: Does anxiety explain race and sex differences in achievement?[END_REF], depletion of executive control resources (e.g., Schmader & John, 2003;[START_REF] Schmader | An integrated process model of stereotype threat effects on performance[END_REF], and an imbalance in regulatory fit (Barber & Mather, 2013a[START_REF] Barber | Stereotype threat can reduce older adults' memory errors[END_REF][START_REF] Grimm | Stereotype threat reinterpreted as a regulatory mismatch[END_REF][START_REF] Seibt | Stereotype threat and performance: How self-stereotypes influence processing by inducing regulatory foci[END_REF] to mediate stereotype threat effects. However, support for these mechanisms to explain threat effects in older adults are either inconsistent or insufficient (see Barber, 2017;Pennington, Heim, Levy, & Larkin, 2016, for reviews). Mixed findings have also been reported for other mediating variables in the ABST literature, like perceived stereotype threat (see [START_REF] Chasteen | How feelings of stereotype threat influence older adults' memory performance[END_REF] an example of significant effects; and [START_REF] Barber | How stereotype threat affects healthy older adults' performance on clinical assessments of cognitive decline: The key role of regulatory fit[END_REF], for an example of null effects) and lower performance expectation (see [START_REF] Desrichard | A threat in the elder: The impact of task instructions, self-efficacy and performance expectations on memory performance in the elderly[END_REF] for an example of effects; and [START_REF] Chasteen | How feelings of stereotype threat influence older adults' memory performance[END_REF], for example of null effects).

A recently proposed promising perspective on stereotype threat effects in general and ABST effects in particular is the strategy perspective. This strategy perspective is based on previous findings that people use several strategies to accomplish cognitive tasks [START_REF] Siegler | Cognitive variability[END_REF], and that condition-related and age-related differences in participants' performance are systematically associated with strategic variations (see [START_REF] Lemaire | Cognitive aging. The role of strategies[END_REF], for an overview). A strategy is "a procedure or set of procedures for achieving a higher level goal or task" (Lemaire & Reder, 1999, p. 365). According to the strategy perspective, ABST effects occur via impairing older adults' ability to select the best strategy on each item and/or to execute strategies efficiently. One study found some indirect evidence suggesting that threat reduced the use of more efficient memory strategies [START_REF] Hess | The impact of stereotype threat on age differences in memory performance[END_REF]. Also, only one study to date has directly tested this strategy account of ABST effects. [START_REF] Lemaire | Negative aging stereotypes disrupt both the selection and execution of strategies in older adults[END_REF] asked older adults to encode lists of pairs of words using either a repetition strategy or an imagery strategy in threat and control conditions. In one experiment, participants were free to choose between the repetition or the imagery strategy to encode each pair of words, and indicated which strategy they chose after each pair of words. In another experiment, the authors asked one group of older adults to encode all pairs of words with a repetition strategy and another group of older adults to encode all pairs of words with the imagery strategy. Besides threat effects on performance in a cued-recall task, Lemaire et al. found that ABST disrupted both the selection and the execution of the most efficient, but also the most demanding, imagery strategy in older adults. One of the limitations of this study was that ABST effects on strategy execution were assessed on recall performance, that is indirectly assuming that better recall resulted from better execution of encoding strategy. Although this is plausible, the present studies tested strategy execution directly by examining how fast and accurate participants are when solving arithmetic problems with a given strategy. Additionally, examining the strategy hypothesis here in arithmetic was a stronger test of the role of strategies in ABST effects, as strategy differences between control and ABST groups in the Lemaire et al.'s study may be specific to the memory domain where older adults have poorer capacity than young adults.

We conducted three studies to test the strategy hypothesis of ABST, one in which strategies were investigated indirectly (Expt. 1), the other two in which they were investigated directly (Expts. 2 & 3). It is important to investigate strategies both directly and indirectly for several reasons. First, in most cognitive tasks (like the arithmetic problem verification task used here; Expt. 1), strategies that people use cannot be directly observed (i.e., with external behavioural evidence of strategy use independently of participants' performance) and thus conclusions about strategy use are inferred from the patterns of speed and accuracy that arise as a function of the factors that define the stimulus set. Second, some tasks (like the computational estimation task used here; Expts. 2 & 3) enable to investigate strategy use and strategy execution directly and independently, given that they yield behavioral external evidence that increase our confidence in how participants accomplish cognitive tasks and in the fact that participants use different strategies and/or execute them differently in different conditions. Finally, in some tasks like the computational estimation task used here, it is also possible to instruct participants which strategy to use on each item and control that they comply with strategy instructions.

The final important goal of our study was to investigate whether stereotype threat can be manipulated within the same participant by adopting a pretest-posttest design. A recent study used a within-participants design and demonstrated ABST effects on memory performance in the same individuals tested under nonthreat and threat conditions [START_REF] Brubaker | The effects of stereotype threat on the associative memory deficit of older adults[END_REF]. We wanted to replicate such findings and extend them to arithmetic, as such findings importantly speak to the very nature of stereotype threat, namely that, as assumed by [START_REF] Steele | A threat in the air: How stereotypes shape intellectual identity and performance[END_REF], that situational threat can be induced in important situations. Our additional objectives in adopting such a pretest-posttest design were to document changes in strategic variations within the same individuals from pretest to posttest condition in the threat and control groups and to determine whether all older adults experience negative consequences of ABST to similar extents or whether some older individuals suffer more than others from ABST.

Previous research suggests important individual differences in ABST effects. Older adults who are most likely to show performance impairment when faced with aging stereotypes are those who identify strongly to the stereotyped group and the stereotyped domain [START_REF] Hess | The impact of stereotype threat on age differences in memory performance[END_REF], are more highly educated [START_REF] Hess | Moderators of and mechanisms underlying stereotype threat effects on older adults' memory performance[END_REF], show high levels of stigma consciousness or perceived stereotype threat [START_REF] Hess | Moderators of and mechanisms underlying stereotype threat effects on older adults' memory performance[END_REF][START_REF] Kang | The moderating role of age-group identification and perceived threat on stereotype threat among older adults[END_REF], belong to the young-old (60-70 years) relative to old-old (71-85 years) age group [START_REF] Hess | Age-related variation in the influences of aging stereotypes on memory in adulthood[END_REF][START_REF] Hess | Moderators of and mechanisms underlying stereotype threat effects on older adults' memory performance[END_REF], experience or imagine poorer and/or less numerous intergenerational interactions [START_REF] Abrams | An age apart: The effects of intergenerational contact and stereotype threat on performance and intergroup bias[END_REF][START_REF] Abrams | Threat inoculation: Experienced and imagined intergenerational contact prevents stereotype threat effects on older people's math performance[END_REF]. Here, we examined whether some older individuals are much less negatively affected than others by ABST In summary, we pursued three goals in the present research. First, we wanted to determine whether older adults are sensitive to ABST when they are tested in cognitive domains, like arithmetic, where young and older adults' baseline performance are equally good, in contrast to domains like memory that undergoes important age-related declines. Second, to further our knowledge of mechanisms underlying ABST effects, we asked whether older adults perform poorly under stereotype threat because threat leads them to use different sets of mechanisms (strategies) and/or use the same set of mechanisms but execute them poorly. Third, we investigated these changes in strategy use and strategy execution in a within-participants design. Moreover, we investigated individual differences in ABST.

Experiment 1

Experiment 1 aimed at determining whether older adults are sensitive to ABST when tested in a domain where they are as competent as young adults. We asked young and older adults to accomplish arithmetic problem verification tasks. In these tasks, participants are given arithmetic equations and are asked to say as quickly and as accurately as possible whether equations are true or false (e.g., 4 x 17 = 68, True or False?). Because previous studies [START_REF] Krueger | Why 2 x 2 = 5 looks so wrong: On the odd-even rule in product verification[END_REF]Kruegar & Hallford, 1984) have illustrated that semantic features of arithmetic problems (a) are used by participants to select strategies that improve their performance, and (b) determine the way participants execute strategies, we manipulated our arithmetic problems to use two semantic features, parity (in false problems) and problem-size (in true problems) to investigate threat effects on strategy use and strategy execution. Strategy execution was examined by determining problem-size effect in true problems and strategy use was examined by determining parity violation effect in false problems.

Previous works revealed that arithmetic problem verification tasks can be fruitfully used to document strategy use and strategy execution. Strategy execution can be examined by determining problem-size effect (i.e., comparing performance difference on two types of true problems small and large problems; see [START_REF] Zbrodoff | What everyone finds. The problem-size effect[END_REF], for a review) that participants are known to solve with the same strategy. Previous studies reported that participants use the same an exact-calculation strategy for verifying these both true small and large problems and are faster on small than on large problems (i.e., a robust effect in arithmetic known as problem size effect; see [START_REF] Zbrodoff | What everyone finds. The problem-size effect[END_REF], for a review), further implying that the exactcalculation strategy is executed differently on small and large problems. The exact-calculation strategy involves encoding the operands and proposed answer, searching for the correct answer (via either calculation or retrieval), comparing the correct and proposed answers, making a true/false decision, and then responding by pressing the appropriate response key. Because answers to larger problems are harder to find, participants take more time to verify true large problems.

Strategy use in arithmetic problem verification tasks can be examined by determining parity violation effect (i.e., difference in performance on two types of false problems, match and mismatch problems). comparing participants' performance on different types of false problems. For example, Previous studies found that participants are faster on false problems if the odd-even status of the proposed and correct answers mismatches (e.g., 13x7=92) than if it matches (e.g., 13x7=93). This so-called parity violation effect has been found in both young and older adults [START_REF] Anders | Heuristics versus direct calculation, and age-related differences in multiplication: an evidence accumulation account of plausibility decisions in arithmetic[END_REF]Hinault & Lemaire, 2017;Hinault, Dufau, & Lemaire, 2015a;[START_REF] Hinault | Age-related differences in plausibility-checking strategies[END_REF][START_REF] Krueger | Why 2 + 2 = 5 looks so wrong: On the oddeven rule in sum verification[END_REF][START_REF] Krueger | Why 2 x 2 = 5 looks so wrong: On the odd-even rule in product verification[END_REF][START_REF] Lemaire | What affects strategy selection in arithmetic? The example of parity and five effects on product verification[END_REF][START_REF] Lemaire | When plausibility judgments supersede fact retrieval: The example of the odd-even effect on product verification[END_REF][START_REF] Masse | Do people combine the parity-and five-rule checking strategies in product verification[END_REF]. It has been accounted for as a result of participants using two different strategies on each type of parity-match and parity-mismatch problems. Participants use a time-consuming exhaustive verification strategy like the one used for verifying true problems on parity-match problems and a fast, plausibility checking strategy on parity-mismatch problems. With this plausibility checking strategy, participants quickly decide that the equation is false because they quickly detect that the odd-even status of the proposed and correct answers is different, which is enough information to make a correct true/false decision. In using the fast plausibility-checking strategy, participants do not complete the search of the correct answer and use other semantic features (e.g., parity of operands and proposed answers) to quickly reject the parity-mismatch problems.

In the present experiment, above and beyond ABST effects on older adults' performance, we tested the hypothesis that ABST will impair older adults' strategy use and strategy execution. Changes in older adults' strategy use and strategy execution were tested by determining how magnitudes of parity violation effects (strategy use) and of problem-size effects (strategy execution) vary as a function of ABST. The hypothesis that ABST influences strategy execution predicts increased problem-size effects in older adults when verifying true problems under stereotype threat. Moreover, the hypothesis that ABST influences strategy use predicts decreased parity effects in older adults when verifying false problems under threat.

Method

Participants.

Eighty young and 80 older adults participated in Experiment 1. Older adults were volunteers from distinct French metropolitan areas, and young adults were undergraduate students at Aix-Marseille University who received course credit for their participation. Prior to the experiment, all older adults accomplished the Mini Mental-State Examination (MMSE, [START_REF] Folstein | Mini-Mental State: a pratical method for grading the cognitive state of patients for the clinician[END_REF], and none obtained an MMSE score < 27. Participants' characteristics are summarized in Table 1. The target sample size was determined using an apriori power analysis (G*Power; [START_REF] Faul | G*Power 3: A flexible statistical power analysis program for the social, behavioral, and biomedical sciences[END_REF]. In their metaanalysis of ABST, [START_REF] Lamont | A review and meta-analysis of agebased stereotype threat: Negative stereotypes, not facts, do the damage[END_REF] found an effect size of d = .52 when using stereotypebased manipulations as we did here. Using this reported effect size (corresponding to f = .25), the error rate set to 0.05, and the power set to 0.80, the power analysis indicated that a sample of 128 participants (32 per conditions) would be sufficient to detect the critical 2(Age: young, older adults) x 2(Group: threat, control) between-participants interaction (i.e., ABST effects on arithmetic performance). This sample size was also large enough to detect ABST impact on either problem-size effects or parity effects, which both involve probing for a between-within interaction (that typically requires a smaller sample size). To achieve greater than 80% power, we decided to recruit 40 participants per group, resulting in a final sample of 160 participants. 

Stimuli.

The stimuli were 288 multiplication problems presented in a standard form (i.e., a x b = c), with the operands a and b being either single or double digit numbers. Single-digit operands ranged from 3 to 9, whereas double-digit operands ranged from 12 to 97. Two types of multiplication problems were presented: True or False problems. The basic set of equations consisted of 144 unique multipliers. Forty-eight unique problems were selected, two-even, oneeven, or zero-even (two-odd) operands. All true problems had the same operands as false problems and differed only in the value given as the proposed product. This value was the correct product of the two operands for true problems. Half the problems were large problems and half were small problems. Correct products ranged from 48 to 204 for small problems (mean=139) and from 207 to 441 for large problems (mean=301).

Two types of false problems were tested: (a) Parity-Match (or match) problems involved false answers with odd-even status that were the same as those of the correct products (e.g., 19 x 7 = 131), (b) Parity-Mismatch (or mismatch) problems involved false answers with odd-even status that were different from those of correct products (e.g., 19 x 7 = 132). All false problems were created by varying splits (i.e., differences) between correct and proposed products. Incorrect answers were off by ±1, ±2, or ±3 from correct answers. For each group of zero-even, one-even, and two-even operand problems, there were 48 unique problems, 24

Match and 24 Mismatch problems, six each from splits of ±1 and ±3 for mismatch problems, and 12 each from splits of ±2 for match problems.

Based on previous findings in arithmetic (see [START_REF] Kadosh | The Oxford Handbook of Numerical Cognition[END_REF][START_REF] Gilmore | An Introduction to Mathematical Cognition[END_REF], for overviews), we controlled the following factors: (a) split size (i.e., the sum of positive and negative splits equaled zero for match and mismatch problems), (b) no double-digit operand had zero or five as unit digit (e.g. 30, 45), (c) no double-digit operand had the same unit and decade digits (e.g. 22, 44), (d) the size and side of operands were controlled, such that all problems had both a single digit and a double digit operand and that half the problems had the double-digit in the left position (e.g., 17 x 6 = 102), and half in the right position (e.g., 4 x 17 = 68), (e) all problems with only one even operand had half of their even multiplicand in the right position (e.g., 17 x 4 = 68) and the other half in the left position (e.g., 6 x 13 = 78), (f) none of the problems included zero, one, or five as a single-digit operand, (g) two was never used as single-digit operand to avoid discrepancy in the number of odd (3, 7, 9) and even digits (4, 6, 8), and finally (h) the multiplicand and the multiplier were never the same (e.g., 8 x 8 = 64 or 12 x 12 = 144).

Procedure.

Participants were tested individually in one session that lasted approximately 90 minutes. Half the participants were randomly assigned to the Threat group and half to the Control group.

Threat Group. Our stereotype threat manipulation was adapted from the previous studies (e.g., [START_REF] Mazerolle | Stereotype threat strengthens automatic recall and undermines controlled processes in older adults[END_REF][START_REF] Mazerolle | Stereotype Threat Alters the Subjective Experience of Memory[END_REF][START_REF] Inzlicht | A Threatening Intellectual Environment: Why Females Are Susceptible to Experiencing Problem-Solving Deficits in the Presence of Males[END_REF][START_REF] Lemaire | Negative aging stereotypes disrupt both the selection and execution of strategies in older adults[END_REF][START_REF] Schmader | Converging evidence that stereotype threat reduces working memory capacity[END_REF]. The experimental session was introduced as a study of memory and attention abilities. The experimenter was presented as a psychologist and expert in cognitive aging. Then, participants were told that they were going to perform a test relying heavily on their memory and attention abilities. The test included an arithmetic verification task which required them to verify, as quickly and accurately as possible, if the proposed multiplication equations (e.g., 17 x 6 = 102) were true or false. Participants were specifically told that they were evaluated for their speed and accuracy. In addition, participants were cued that they could only successfully complete the test if they relied adequately on their memory and attention abilities. Also, an objective of the study was presented so as to investigate any differences between young and older adults' performance on the test. Participants were therefore informed of the presence of a comparison group. After confirming that participants had thoroughly understood the objectives and demands of the present study, they were prompted to indicate their age and started the test on a laptop. The experimental session included two parts with a brief rest period of 5-10 minutes in-between each part. Before the participants resumed the task, the experimenter reminded them of (a) the objective of the study, (b) that they were still being evaluated for their speed and accuracy, (c) that to successfully accomplish the test they were to rely strongly on their memory and attention abilities, and (d) that older adults were compared to young adults.

Control Group. A procedure similar to that for the threat group was adopted for the control group, with the following exceptions. The session was introduced as a study on arithmetic. The experimenter was presented as a student. The task was not presented as a test.

Instead, participants were merely informed that they were to perform an arithmetic problem verification task (e.g., 17 x 6 = 102) as quickly and accurately as they can. The speed component of the task was not emphasized. There was no mention of memory and attention abilities. None of the participants were prompted to indicate their age prior to the task. Age was recorded during participant recruitment. Participants were specifically told that the objective of the study was to understand how people in general solve and verify multiplication problems. It was ensured that the participants did not feel as being evaluated. Similar to the threat group, the arithmetic task was presented on a laptop with a brief rest session. However, unlike the threat group, participants resumed the task without any reminders. They were simply told that they were to continue with the task as in the first session and attempt their best.

Experimental Tasks. Two experimental tasks (i.e., a computer-administered test and a paper-and-pencil test) in the mathematical domain were presented. The computer-administered task was an arithmetic problem verification task, performed on a HP Laptop. The task was presented on a 1366 x 768 resolution screen in a 42-point Courier New Font. Written instructions (identical to those given by the experimenter) were displayed on the screen with example problems. Problems were displayed horizontally in the centre of the screen in a standard arithmetic format « a x b = c ». The symbols and numbers were separated by spaces equal to the width of one character. At the beginning of each trial, an asterisk (*) was displayed in the centre of the screen as a fixation point for 750-ms, followed by the arithmetic equation.

Participants were instructed to press the « L » or « S » keys on an AZERTY keyboard to indicate whether the equation was true or false. The equation remained on the screen until the participant responded. The E-prime software controlled stimulus display, response recording, and collected response times with 1-ms accuracy. Before the experiment, participants practiced on 15 problems. The experimenter gave feedbacks on practice trials. Then, followed the experimental trials presented in two blocks of 144 problems each, separated by a brief break.

The two blocks were identical; they included equal numbers of true and false problems and of problems from each even-operand condition.

The computer-administered test was followed by the paper-and-pencil test. This was an Arithmetic Fluency Test [START_REF] French | Kit of Reference Tests for Cognitive Factors[END_REF] where participants were asked to perform three sets of problems, each including basic additions, subtractions, and multiplications under a restricted time-frame (i.e. each of the three sets was time-bound for two minutes). All participants then completed the French version of the Mill-Hill Vocabulary Scale (MHVS; [START_REF] Deltour | Echelle de Vocabulaire de Mill Hill de J.C. Raven[END_REF][START_REF] Raven | Guide to Using Progressive Matrices[END_REF] which was administered intentionally after debriefing the participants about the goal of the study to eliminate any threat effects on these baseline measures of older adults' verbal abilities. The experimental session ended with the experimenter answering any further questions posed by the participants who were eventually thanked for their participation.

Results

Results are reported in three main parts. We examined the effects of stereotype threat on participants' performance first for false problems, second for true problems, and finally on the paper-and-pencil test. Two young participants in the stereotype threat group were excluded1 

from the analyses because they made 52% and 53% errors, respectively.

Effects of age-based stereotype threat on false problems performance.

Mean response latencies and percentages of errors on false problems were analyzed with 2 (Age: young, older adults) x 2 (Group: threat, control) x 2 (Parity: match, mismatch problems) mixed-design ANOVAs, with Age and Group as the between-participants factors (see means in Table 2 and summary of significant effects on latencies in Table 3) Young adults were 270 ms faster than older adults. Participants were 320 ms slower in the threat group than in the control group, and overall young and older adults were 366 ms faster on mismatch problems than on match problems. The significant Age x Group interaction showed that young adults tested in the threat group and in the control group were equally fast (F<1) while older adults were 523 ms slower in the threat group than in the control group (F(1,154) = 20.60, MSe = 5,467,965, h 2 p = 0.12). Most interestingly, the Age x Group x Parity interaction was significant, and further contrasts revealed that the effects of threat were larger on older adults' latencies while rejecting mismatch problems (threat -control = 698 ms;

F (1,154) = 31.22, MSe = 9,740,590, h 2 p = 0.17) than when rejecting match problems (threat - In other words, stereotype threat only affected older adults' verification times, and this on mismatch problems more than on match problems. Also, performance differences were found between young and older adults only in the threat group, on both match problems (299 ms;

F( 1 

Effects of age-based stereotype threat on true problems performance.

Participants' performance on true problems were analyzed with 2 (Age: young, older adults) x 2 (Group: threat, control) x 2 (Problem Size: small, large problems) mixed design ANOVAs, with Age and Group as the only between-participants factors (see means in Table 2 and summary of significant effects on latencies in Table 3).

Young adults were 311 ms faster than older adults. Participants in the control group were 342 ms faster than participants in the threat group, and were 380 ms slower on large problems than on small problems. The significant Age x Group interaction showed that young participants in the threat and control groups were equally fast (F<1) whereas older adults in the threat group were 619 ms slower than older adults in the control group, F (1,154) 

Experiment 2

In Experiment 1, we found decreased performance in older adults only, under stereotype threat condition relative to control condition. More specifically, we found increased problem size effects and decreased parity-violation effects. Increased problem size effects were the result of older adults executing the calculation strategy more slowly on large problems under stereotype threat. In other words, as we hypothesized, stereotype threat led older adults to execute strategies more poorly under stereotype threat condition, especially on large problems.

Decreased parity-violation effects under stereotype threat resulted from older adults taking longer to verify false mismatch problems. This likely happened because participants did not use as often and as systematically the fast plausibility checking strategy (based on the discrepancy between the parity of the proposed and correct answers) on false mismatch problems but used the slower exact calculation strategy under stereotype threat.

One limitation of Experiment 1 regarding the strategy hypothesis is that strategy use and strategy execution were not investigated directly. They were inferred from patterns of participants' performance as a function of stimulus features (problem size, parity). Such an inference runs the risk of possible other sources of differences in magnitudes of problem size and parity violation effects between control and threat conditions. Also, strategy use and strategy execution cannot be assessed independently, as differences in participants' performance between control and threat conditions result from differences in both strategy use and strategy execution.

Experiment 2 aimed at testing the strategy hypothesis more directly by using a task where strategy use is not inferred from participants' performance but observed with external behavioral evidence (i.e., calculating out loud) and where it is possible to assess ABST effects on strategy use and strategy execution independently. We asked participants to accomplish computational estimation tasks (i.e., finding the best estimates to two-digit multiplication problems, like 32x79). Numerous previous studies used this task to investigate strategic aspects of arithmetic problem solving performance and age-related differences therein (e.g., [START_REF] Lefevre | The development of procedural and conceptual knowledge in computational estimation[END_REF]Hinault & Lemaire, 2017;Lemaire & Leclere, 2014a). We also used the Choice/No-Choice method proposed by [START_REF] Siegler | Older and younger adults' strategy choices in multiplication: Testing predictions of ASCM using the choice/no-choice method[END_REF] In the Choice condition, participants were asked to choose between two strategies (i.e., rounding-down or rounding-up strategies) to provide estimates of two-digit multiplication problems (e.g., 63x82). Participants were instructed to use the better of the two strategies on each problem to provide the best estimate in the Choice condition, and to execute the cued (rounding-down or rounding-up) strategy on each problem in the No-Choice condition. The hypothesis that ABST influences strategy use predicted that participants use the better strategy less often in the threat than in the control group. Independent measures of strategy used enabled us to conduct a mediation analysis with strategy use as the underlying mechanism of ABST effects on arithmetic performance. We predicted a substantial attenuation of the relation between ABST and arithmetic performance, after statistically controlling for better strategy use.

Also, and most originally, we tested the prediction of increased strategy repetitions (i.e., the tendency to repeat a strategy over consecutive problems even when the better strategy is different on two consecutive problems) in the threat relative to the control group, thereby providing converging evidence on less efficient use of the better strategy.

Analyses of performance in the No-Choice condition enabled us to examine ABST effects on strategy execution uncontaminated by effects on strategy use. In the No-Choice condition, participants did not select strategies on each problem but were asked to execute either the poorer or the better strategy. Previous studies (e.g., Hinault & Lemaire, 2017;Lemaire & Hinault, 2014;[START_REF] Hinault | Sequential modulations of poorer-strategy effects during strategy execution: an event-related potential study in arithmetic[END_REF] found that participants' performance is slower when asked to execute the poorer strategy than when asked to execute the better strategy.

Comparing poorer strategy effects (i.e., differences in performance between better and poorer strategy trials) in the threat and control groups enabled us to test an additional prediction derived from the hypothesis that ABST will impair older adults' execution. We expected that larger poorer-strategy effects (i.e., differences in participants' performance while executing the poorer and the better strategies) in the threat group than in the control group.

Method

Participants.

Participants were 56 older adults who were all volunteers, recruited from the community. Prior to the experiment, all older adults accomplished the Mini Mental-State Examination (MMSE, [START_REF] Folstein | Mini-Mental State: a pratical method for grading the cognitive state of patients for the clinician[END_REF], and none obtained a MMSE score < 27.

Participants also completed a French version of the Mill-Hill Vocabulary Scale (MHVS; [START_REF] Deltour | Echelle de Vocabulaire de Mill Hill de J.C. Raven[END_REF][START_REF] Raven | Guide to Using Progressive Matrices[END_REF] to assess their verbal abilities. Participants' characteristics are summarized in Table 4. A-priori power analysis (G*Power; [START_REF] Faul | G*Power 3: A flexible statistical power analysis program for the social, behavioral, and biomedical sciences[END_REF] was conducted to determine the sample size needed to detect our key between-within interactions: The 2(Group: threat, control) x 2(Trials: repeated, unrepeated) interaction to assess the influence of ABST on strategy repetitions in the Choice condition, and the 2(Group: threat, control) x 2(Trial: poorerstrategy, better-strategy) interaction to assess the influence of ABST on older adults' execution in the No Choice condition. With an assumed d of .52 [START_REF] Lamont | A review and meta-analysis of agebased stereotype threat: Negative stereotypes, not facts, do the damage[END_REF], our mixed design could achieve 80% power with as few as 46 participants, given a modest correlation (r = .30) between our repeated measures. We stopped our participants recruitment to attain 28 participants per group, resulting in a sample of 56 older adults.

Stimuli.

The stimuli for the computational estimation task were 64 two-digit multiplication problems presented in a standard form (e.g., 32 x 67). Based on the size of the unit digits, half the problems were so-called homogenous problems, and half were so-called heterogeneous problems. Unit digits of both operands were either smaller than five (e.g., 32 x 63) or larger than five (e.g., 38 x 69) for homogeneous problems. Heterogeneous problems had unit digits larger than five in the first operand and smaller than five in the other operand (e.g., 49 x 62) for half the problems and the reverse (e.g., 42 x 58) for the other problems. Half the homogeneous and heterogeneous problems were best estimated (i.e., they yielded closest products from the correct products) with the rounding-down strategy (e.g., a homogeneous problem, like 83 x 21, and a heterogeneous problem, like 86 x 21, are best estimated with the rounding-down strategy, doing 80 x 20 = 1600). The other problems were best estimated with the rounding-up strategy (e.g., a homogeneous problem, like 78 x 39, and a heterogeneous problem, like 72 x 39, are best estimated with the rounding-up strategy, doing 80 x 40 = 3200). We tested homogeneous and heterogeneous problems because previous studies found that participants select the best rounding strategy more easily on homogenous than on heterogeneous problems (e.g., [START_REF] Lefevre | The development of procedural and conceptual knowledge in computational estimation[END_REF][START_REF] Lemaire | Adults' age-related differences in adaptivity of strategy choices: evidence from computational estimation[END_REF]. Homogeneous and heterogeneous problems had comparable exact products when solved with each rounding strategy (Means were 2426 and 2408 for homogeneous and heterogeneous problems, respectively).

Finally, following previous studies on strategy repetition (e.g., [START_REF] Lemaire | Age-Related differences in children's strategy repetition: A study in arithmetic[END_REF], Lemaire & Leclère, 2014a, b), we tested whether participants have a tendency to repeat the same strategy on consecutive trials more often in the threat than in the control condition. Two types of trials were tested, one for which it was appropriate to repeat the same strategy across two consecutive trials in order to select the best strategy and one where it was not appropriate to repeat the same strategy. Thus, half the trials were repeated-strategy trials (i.e., two successive problems were best estimated with the same strategy), and half were unrepeatedstrategy trials (two successive problems were best estimated using different strategies).

Given well-known effects in the domain of mental arithmetic (see [START_REF] Kadosh | The Oxford Handbook of Numerical Cognition[END_REF][START_REF] Gilmore | An Introduction to Mathematical Cognition[END_REF], for overviews), the following factors were controlled: (a) no operand had zero or five as unit digit, (b) digits were not repeated within operands (e.g., 33 x 42) and neither were the operands for any given problem (e.g., 42 x 42), (c) digits were not repeated in the same unit or decade positions across operands (e.g., 62 x 67), (d) no reverse order of operands was used (e.g., 56 x 23 vs. 23 x 56), (e) the first operand was larger than the second operand in half the problems, and smaller in the other problems, and (f) the operand with the smallest unit digits was in the left position in half the problems (e.g., 42 x 36) and in the right position in the other problems (e.g., 23 x 41).

Procedure.

Participants were tested in one session that lasted approximately 60 minutes. Each In the Choice condition, participants were asked to try to use the best strategy they could to obtain the best estimate for each problem. The best strategy was defined as the strategy that yields the best estimate (i.e., closest from correct product). Participants were told that they could choose between the rounding-down strategy (i.e. rounding the two operands down to the nearest decades; 80 x 20 to estimate 86 x 21) or the rounding-up strategy (i.e. rounding the two operands up to the nearest decades; 90 x 30 to estimate 87 x 26), and that no other strategy (e.g., mixed rounding strategy; rounding the first operand down and the second operand up to the closest decades; 80 x 30 to estimate 84 x 29) could be used. By excluding the use of mixedrounding strategy, we made strategy choice harder for the participants (especially on heterogeneous problems, where it is easier to use a mixed-rounding strategy over roundingdown or rounding-up strategy). Since previous research on computational estimation strategies observed that participants use the mixed-rounding strategy (e.g., [START_REF] Lefevre | The development of procedural and conceptual knowledge in computational estimation[END_REF][START_REF] Lemaire | Adults' age-related differences in adaptivity of strategy choices: evidence from computational estimation[END_REF], it may be that threat-related differences on strategy use do not emerge if participants could use mixed-rounding strategy. This may be a result of all participants (in both threat and control groups) making use of the mixed-rounding strategy to solve all the problems. Prohibiting the use of this strategy offered us an opportunity to investigate strategy selection process under threat by varying the problem features (e.g., size of the unit digits) and then assessing participants' difficulty to find the best strategy on each problem. Participants were instructed to give their estimates out loud and to indicate which strategy (rounding-down or rounding-up) they used on each problem. The estimate and the strategy were recorded by the experimenter on each trial.

In the No-Choice condition, to make sure participants executed the required strategy on each problem, they had to execute strategies and provide estimates out loud for the cued strategy. The better of the two strategies was cued on half the problems (e.g., rounding up was cued for 56 x 78), and the poorer strategy was required on the other problems (e.g., rounding down was cued for 57 x 68). We cued the better or poorer strategy on half the problems, as previous studies reported so-called poorer-strategy effects. In these effects, participants are slower when they execute a poorer strategy to solve a problem than when they execute a better computational estimation strategy (e.g., Hinault & Lemaire, 2017;[START_REF] Hinault | The sources of sequential modulations of control processes in arithmetic strategies: a MEG study[END_REF]Hinault, Lemaire, & Phililips, 2016;[START_REF] Hinault | Aging effects in sequential modulations of poorer-strategy effects during execution of memory strategies[END_REF][START_REF] Hinault | Sequential modulations of poorer-strategy effects during strategy execution: an event-related potential study in arithmetic[END_REF]Lemaire & Hinault, 2014;[START_REF] Lemaire | Adults' age-related differences in adaptivity of strategy choices: evidence from computational estimation[END_REF]. The experimenter recorded participants' estimate on each problem.

For both the Choice and No-Choice conditions, each problem remained on the screen until participants responded. Following procedure used in previous studies (e.g., Hinault & Lemaire, 2017[START_REF] Lemaire | Adults' age-related differences in adaptivity of strategy choices: evidence from computational estimation[END_REF]) on computational estimation, a timer was started at the beginning of the problem presentation and ended when the experimenter clicked the mouse button, which happened as quickly as possible when participants started to state their response orally. Like in Experiment 1, the E-prime software controlled stimulus display, response recording, and collected latency data with 1-ms accuracy. Before each condition, two example problems were explained, and the experimenter gave feedback when necessary. Following [START_REF] Siegler | Older and younger adults' strategy choices in multiplication: Testing predictions of ASCM using the choice/no-choice method[END_REF], participants were first tested under the Choice condition and then under the No-Choice condition, with a brief period of 5-10 minutes break between the two conditions, so that strategy use in Choice condition was not contaminated by recent execution of strategies in the No-Choice conditions.

Results

Results are reported in two main parts. We examined the effects of age-based stereotype threat first on strategy selection and participants' performance in the Choice condition, and second on strategy execution in the No-Choice condition.

Effects of Age-Based Stereotype Threat on Strategy Selection and Performance in the Choice condition.

Strategy Selection. We first conducted a 2 (Group: threat, control) x 2 (Problem: homogeneous, heterogeneous) mixed design ANOVA on mean percentages of use of the better strategy, with Group as the between-participants factor (see means in Table 5). Sequential effects during strategy selection. We conducted a 2 Group (threat, control)

x 2 Trial (repeated, unrepeated) design ANOVA on mean percentages of strategy repetition, with Group as the only between-participants factor. Strategy repetition was coded 1 if a participant used the same strategy on two consecutive problems and 0 otherwise.

Participants repeated the same strategy across two successive problems more often on repeated trials (78%) than on unrepeated trials (48%, F(1,54) = 110.8, MSe = 24,213, h 2 p = 0.67). Moreover, participants in the threat group repeated strategies across trials more often (71%) than participants in the control group (55%, F(1,54) = 22.9, MSe = 3,105, h 2 p = 0.30).

2 Examination of individual data for strategies used by individuals revealed that there were two groups of participants in the stereotype threat group, single-strategy users (who used only one strategy on more than 80% of the problems) and dual-strategy users (who used both strategies).

To test the possibility that stereotype threat affected strategy selection because of the presence of single-strategy users in the threat group, we ran a 2 (Group: Threat, Control) x 2 (Problems: Homogeneous, Heterogeneous) design ANOVA exclusively for dual-strategy users on mean percentages of use of the better strategy. were conducted on absolute percent deviations in homogeneous and heterogeneous problems pooled together. Using the PROCESS macro for IBM SPSS (10,000 bootstrapped resamples;

Model 4; [START_REF] Hayes | Introduction to Mediation, Moderation, and Conditional Process Analysis. A Regression-Based Approach[END_REF], we regressed the deviations on Group (dummy coded: 0 = Control and 1 = Threat) and entered mean percentages of use of better strategy as the mediator. Participants in the threat group used the better strategy less often than those in the control group (a = -21.2).

As can be seen in Figure 3, the more often participants selected the better strategy the smaller the deviation (b = -0.29). The confidence interval of the indirect effect through percentages of use of the better strategy did not include zero (ab = 6.08 (1.7), 95%CI = [3.5, 10.2]). In other words, there was no evidence that stereotype threat influenced percent deviations independent of its effect on percentages of use of the better strategy (c' = -0.9, p = 0.6). Percentages of use of the better strategy was thus a significant mediator of stereotype threat on percent deviations. We conducted 2 (Group: threat, control) x 2 (Problem: homogeneous, heterogeneous problems) x 2 (Trial: poorer-strategy, better-strategy) mixed-design ANOVAs on mean solution latencies and absolute percent deviations, with Group as the only between-participants factor (see means in Table 6).

Effects of Age-Based Stereotype Threat on Strategy Performance in the

Participants were slower while executing the poorer-strategy relative to while executing the better strategy on a given problem (4791 ms vs. 5590 ms; F(1,54) = 161.07, MSe = 35,745,662, h 2 p = 0.75). The significant Group x Trial interaction revealed significant differences between participants' latencies in the threat and control groups on poorer-strategy trials only, F(1,54) = 8.8, MSe = 14,781,615, h 2 p = 0.14. In other words, older adults were slower on poorer-strategy trials when tested under stereotype threat than when tested under control group (Mean difference = 1,028 ms). Older adults had comparable performance under threat and control groups on better-strategy trials (Mean difference = 40 ms; F<1.0). The Group

x Trial x Problem interaction was not significant, F<1.0.

Analyses of mean absolute percent deviations revealed a significant Group x Trial interaction. This resulted from differences between the threat and the control groups being significant on better-strategy trials only, F(1,54) = 4.8, MSe = 22, h 2 p = 0.08. Participants' Note: Differences = Poorer-Better.

estimates deviated 1.3% more in the threat group than in the control group when asked to execute the better strategy on a given problem.

Experiment 3

ABST effects on older adults' cognitive performance have always been documented using a between-participants design. This makes it impossible to determine whether stereotype threat can be manipulated within the same individual, and to examine how and to what extent an individual's cognitive performance changes from a baseline, reduced threat to a threat condition. Experiment 3 therefore aimed at testing whether a pretest-posttest design is an appropriate method to examine threat sensitivity in older adults such that, as assumed by Steele ( 2010), threat can be elicited within the same individual just by changing the situational aspect of the presented task, and so as to be able to determine whether some older individuals are more sensitive than others to threat. We tested each individual before and after ABST instructions in the experimental group, and before and after control instructions in the control group.

Differences in performance between pre-test and post-test under ABST condition, relative to corresponding differences under control, no-threat condition yielded the type of data that enabled us to examine individuals' sensitivity to threat, above and beyond mere test-retest effects. Further, to ensure that our threat and control groups were comparable, we collected measures of domain-general processing resources (i.e., processing speed) and of domainspecific arithmetic resources (i.e., arithmetic fluency) for all our participants. 

Method

Participants.

Forty-eight older adults participated. They were all volunteers recruited from the community. Prior to the experiment, all participants accomplished the MMSE [START_REF] Folstein | Mini-Mental State: a pratical method for grading the cognitive state of patients for the clinician[END_REF] and the French version of the Mill-Hill Vocabulary Scale (MHVS; [START_REF] Deltour | Echelle de Vocabulaire de Mill Hill de J.C. Raven[END_REF][START_REF] Raven | Guide to Using Progressive Matrices[END_REF]. None obtained an MMSE score < 27. Therefore, none were excluded. Likewise, participants' verbal fluency was quite high and similar in the Threat and Control groups.

Participants' characteristics are summarized in Table 7. A-priori power analysis (G*Power; [START_REF] Faul | G*Power 3: A flexible statistical power analysis program for the social, behavioral, and biomedical sciences[END_REF] indicated that a sample size of 46 would be sufficient for our 2x2 mixed design to achieve at least 80% power to detect the critical 2(Group: threat, control) x 2(Session: pretest, post-test) interaction. To calculate this sample size we used the same parameters as used in Experiment 2 (i.e, d = 0.52, and r = 0.30) for the same reasons. [START_REF] Wechsler | Administration and Scoring Manual : Wechsler Adult Intelligence Scale[END_REF]) is a pencil-and-paper task that involves the presentation of a code table containing nine digit-symbol pairs at the top, and a series of digits below. Participants had two minutes to complete as many as possible blank spaces under each digit with the symbol corresponding to the digit. For each individual, we assessed the number of items correctly completed within two minutes.

The choice reaction time task consists of 30 trials for which a red or a black star was displayed in the middle of the laptop screen. Participants had to determine as fast as possible if the presented star was black or red by pressing a key on an AZERTY keyboard. Before beginning the task, participants completed a short training of 10 trials. On each trial latencies were collected as a measure of processing speed.

Arithmetic fluency. Participants' arithmetic fluency was assessed using the French Kit [START_REF] French | Kit of Reference Tests for Cognitive Factors[END_REF]. They were asked to perform three sets of arithmetic problems, each including basic addition, subtraction, and multiplication problems, under a restricted timeframe (i.e. each of the three sets was time-bound for two minutes).

Stimuli.

The computational estimation task included 24 trials. Each of the 24 trials consisted of three consecutive two-digit multiplication problems. Each trial was followed by a series of four letters to avoid carry-over effects from one trial to the next (e.g., participants may repeat the same strategy on the last problem of a given trial and on the first problem of the next trial independently of which strategy is the best on each of these problems). Each series of three multiplication problems was composed of two priming problems followed by a target problem (e.g., priming problems, 78 x 27 and 48 x 79, followed by a target problem, 46 x 83). Priming problems were so-called homogeneous problems and target problems were so-called heterogeneous problems. Homogeneous (priming) problems were problems with the unit digits of both operands smaller or larger than 5 (e.g., 32 x 64 and 37 x 69). These problems were chosen as priming problems because previous works (e.g., [START_REF] Lefevre | The development of procedural and conceptual knowledge in computational estimation[END_REF][START_REF] Lemaire | Effects of strategy sequences and response-stimulus intervals on children's strategy selection and strategy execution: A study in computational estimation[END_REF] showed that both young and older adults almost systematically select the better strategy on these problems. Heterogeneous (target) problems were problems with the unit digit of the operand smaller than 5 and the unit digit of the other operand larger than 5 (e.g., 43 x 69). They were selected as target problems as it is harder to select the better strategy on these problems for both young and older adults. This priming-target structure of trials followed several previous studies (Hinault et al., 2017;Lemaire & Leclère, 2014a,b) that revealed the appropriateness of this stimuli-structure to investigate age-related differences in strategy use and strategy execution. Here, we used this structure to test whether ABST changes (a)

percentages of better strategy use and strategy performance on priming and target problems differently, and (b) how often participants tend to repeat the same strategy across priming and target problems. Strategy repetitions were tested on two types of trials, one for which it was appropriate to repeat the same strategy across two consecutive trials in order to select the best strategy and one where it was not appropriate to repeat the same strategy. Thus, half the trials were repeated-strategy trials (i.e., priming and target problems were best estimated with the same strategy), and half were unrepeated-strategy trials (priming and target problems were best estimated with different strategies). Following previous studies showing that strategy repetitions result from executive control mechanisms (e.g., Lemaire & Brun, 2014a,b;[START_REF] Lemaire | Cognitive aging. The role of strategies[END_REF], Lemaire & Leclère, 2014a,b), we studied the strategy repetition phenomenon here to determine whether executive control mechanisms can moderate ABST effect on strategy repetitions.

Finally, following previous findings in arithmetic (see [START_REF] Kadosh | The Oxford Handbook of Numerical Cognition[END_REF]Gilmore et al., 2018, for overviews), the following factors were controlled: (a) no operands had zero or five as unit digits (e.g., 20 x 6, 25 x 63); (b) no digits were repeated within operands (e.g., 22 x 63); (c) the two operands of a given multiplication problem were never the same (e.g., 63 x 63);

(d) the first operand was larger than the second operand in half the problems, and vice versa;

(e) no operand had its closest decade equal to 0, 10, or 100; and (f) rounded operands were never the same across two successive problems in a given trial (e.g., if one problem in a trial was 32 x 64, the next problem could not be 31 x 62).

Procedure.

The participants were individually tested in two sessions, each of which lasted approximately 45-60 minutes. The two sessions were at least 4-7 days apart. Session 1 was introduced as a set of tasks to be completed by all participants who intended to volunteer for the main experiment, scheduled for the next session. All participants in Session 1 completed the following tasks in the same order: Mill-Hill Vocabulary Scale, Codes, Color-Detection, and the French Kit. In Session 2, all participants completed the computational estimation task twice, as pre-test and post-test. In both pre-and post-tests, the two-digit multiplication problems were presented horizontally in a 84 point Bold Courier font (black color) on a 1366 x 768 resolution screen. The software E-Prime controlled the stimulus display and the latency collection.

Participants were randomly assigned to either a control or a threat group, based on how the computational estimation post-test was presented.

Control Group. The session was introduced as a study on problem solving in arithmetic, and participants were told that they were to perform a computational estimation task (e.g., 14 x 26) using either a rounding-up or a rounding-down strategy. The rounding-down strategy was described as rounding both operands down to the nearest decades (e.g., 70 x 40 to solve 78 x 43) and the rounding-up strategy as rounding both operands up to the nearest decades (e.g., 80

x 50 to solve 78 x 43). Further, the computational estimation task was presented as comprising of two blocks of 24 trials each. The two blocks were actually the pre-test and the post-test administered one after the other with a brief rest period of 3-5 minutes between the two tests.

The pre-test and the post-test were the same computational estimation task with 24 trials each, with the following differences: (a) the order of operands of each problem was reversed (e.g., 78

x 27 in the pre-test was 27 x 78 in the post-test), (b) of the 24 trials, the last 12 trials of the pre-test were presented first in the post-test, and vice-versa, (c) the order of the trials were different in the two sessions but the sequence of the problems within each trial was the same.

Threat Group. The pre-test was presented as an optional task. That is, the experimenter pretended an urgent need to validate some arithmetic stimuli for an upcoming experiment and requested the participants to volunteer for this task in addition to the experiment for which they were recruited. All participants agreed to help the experimenter and were then presented the computational estimation task of 24 trials. The same instructions as in the control group were given (i.e., to provide an approximate answer to an arithmetic problem, like 14 x 26, using either a rounding-up or a rounding-down strategy). This followed a brief rest period of 3-5 minutes where the experimenter thanked the participants for their help and eventually invited them to participate in the experimental task, for which they were recruited. The post-test was then presented as a study of memory and attention abilities. Participants were told that they were going to perform a computational estimation task as earlier. However, there was a difference. The difference was explained as the computational estimation task being a memory test, comprising a set of arithmetic stimuli validated by experts in the memory domain to evaluate participants' cognitive abilities. Participants were specifically told that they were evaluated for their speed and accuracy. In addition, participants were cued that they could only successfully complete the test if they relied adequately on their memory and attention abilities.

Also, an objective of the study was presented as to investigate age-related differences on the presented test. Participants were asked to indicate their age before they started the post-test.

Each trial of the computational estimation task (in both the threat and the control groups) started with a 400-ms fixation cross displayed at the centre of the screen, followed by the first priming problem, another 400-ms fixation cross, and the second priming problem. Then, again a 400-ms fixation cross was followed by the target problem. The timing of each response began when the problem appeared on the screen and ended when the experimenter pressed the space bar of the keyboard, the latter event occurring as soon as possible after the participants' responses. Participants were asked to calculate out loud to ensure which strategy was used. On each problem, the experimenter recorded participants' responses and strategy choices.

After the target problem of each trial, a 400 ms fixation cross appeared followed by four letters. The letters were displayed until the participant responded, pressing on the "L" key of the AZERTY keyboard when the four letters were only consonants (e.g., trlc) or only vowels (e.g., aeio), and on the "S" key when the four letters included both consonants and vowels (e.g., ubqi). A blank screen was finally displayed for 1000 ms at the end of each trial and before the next trial started.

Results

Results are reported in three main parts. We examined the effects of ABST first on participants' performance and then on strategy use, for priming and target problems separately.

Lastly, we examined individual differences in ABST effects and conducted moderation analyses to determine what moderates ABST effects on participants' performances. In all results, unless otherwise noted, differences are significant to at least p<.05.

Effects of Age-Based Stereotype Threat on Participants' Performance

Participants' performance (mean estimation latencies and absolute percent deviations) on priming and target problems (see means in Table 8) were analyzed by 2(Group: threat, control) x 2(Session: pre-test, post-test) mixed-design ANOVAs, with repeated measures on the last factor.

Strategy performance on priming problems.

Participants were overall faster in the post-test compared to the pre-test session (pre-test Mean percentages of use of the better strategy (see means in Table 8) were analyzed by 2(Group: threat, control) x 2(Session: pre-test, post-test) mixed-design ANOVAs, with repeated measures on the last factor.

Strategy selection on priming problems.

Overall, older adults selected the better strategy more often in the control than in the threat group (control -threat = 14%; F( 1 

Moderation Analyses

To determine whether general (processing speed) and/or specific (arithmetic fluency)

processing resources moderated threat effects in older adults, we first conducted a series of independent sample t-tests to ensure that our threat and control groups did not differ in performance on our moderator variables. There were no differences between the two groups for any of these variables, all ps >.7.

We then conducted moderation analyses, to test the moderation effects of arithmetic fluency and processing speed on our dependent variable, absolute percent deviations. Using features. We investigated ABST effects in arithmetic, a domain where ABST effects have never been tested and where age-related differences in performance are smaller than in many cognitive domains. We used both between (Expts. 1 and 2) and within-participants (Expt. 3) designs. We investigated strategic aspects of participants' performance under threat and control conditions both directly and indirectly. Participants accomplished an arithmetic problem verification task (where strategies are inferred from variations in participants' performance as a function of stimulus sets) in Experiment 1 or computational estimation tasks (where external behavioral evidence of strategies can be collected independently of participants' performance)

in Experiments 2 and 3. Moreover, pre-test/post-test design of Experiment 3, combined with measures of individuals' general and specific processing resources enabled us to investigate individual differences in ABST and to test the role of different cognitive moderators. Our results establish that ABST effects are independent of the cognitive domain or tasks in which they are studied and of pre-experimental differences in young and older adults' baseline performance.

They provide converging evidence that ABST effects occur via changes in which strategies are used and how strategies are executed. They also document the role of several moderators on different levels of individuals' sensitivity to ABST effects. These findings have important implications to further our understanding of ABST effects as well as effects of other stereotype threats, and, more generally, of how psychosocial factors exert a crucial role on age-related changes in human cognition. We next discuss these implications.

When does ABST impair older adults' cognitive performance?

A number of previous studies established that older adults' performance decreases under stereotype threat (see Barber, 2017;Lamont et al., 2015, for reviews). This has been found in such a wide variety of domains as driving, employment outcomes, cognitive, and physical

performance. An important limitation of previous studies on ABST is that they have been mostly conducted in domains and tasks where pronounced age-related differences are well established. In contrast, this study is the first to report ABST effects in a domain (arithmetic) and in two types of tasks (problem verification and computational estimation) where there are no or reduced age-related declines (see [START_REF] Duverne | Aging and Arithmetic[END_REF][START_REF] Uittenhove | Numerical cognition during cognitive aging[END_REF], 2018, for reviews). By observing threat effects on older adults' arithmetic performance, the present findings importantly demonstrate that ABST effects exist independently of older adults' baseline performance and independently of age-related declines in cognitive performance.

Concerns about whether stereotype threat effects occur independently of baseline performance have been discussed in the broader literature on stereotype threat (see [START_REF] Jussim | Stereotype (in)accuracy in perceptions of groups and individuals[END_REF]Wax, 2009 for reviews). Such concerns led some researchers to run statistical analyses that include baseline performance as a covariate, when the stigmatized and non-stigmatized groups differ in baseline performance (see Jussim, Jarret, Stephanie, Sean & Jose, 2016 for a review). Although effects of stereotype threat have been found when baseline performance was used as a covariate, this analytical approach raised doubts about the power of stereotype threat and has been criticized (e.g., [START_REF] Sackett | On interpreting stereotype threat as accounting for African American-White differences on cognitive tests[END_REF]. These criticisms refer to the misinterpretation that equal adjusted means in ANCOVA are equivalent to equal means. The failure to recognize the implications of the statistical adjustments for existing prior differences between the control and threat groups has often led to incorrect conclusions in the stereotype threat literature that the differences between the two groups disappear when stereotype threat is removed (see [START_REF] Wicherts | Stereotype Threat Research and the Assumptions Underlying Analysis of Covariance[END_REF], for a discussion). The potential impact of baseline performance is no longer a concern when, like here, participants are tested on tasks and in domains with no (or much reduced) age-related differences in baseline performances. Here, consistent with previous findings (Hinault et al., 2015a, b), Experiment 1

showed no group differences in young and older adults tested under the control condition. This ensures that observed ABST effects were independent of older adults' baseline performance.

Future studies can adopt such a method to avoid skeptical analyses, demonstrate the strength of ABST effects, discover their conditions of occurrence and their underlying mechanisms.

Our findings may not be limited to arithmetic. Deleterious effects of age-based stereotype threat may also occur in other domains where we often see much less age-related differences, like moral reasoning (e.g., [START_REF] Margoni | Moral Judgement in Old Age[END_REF][START_REF] Mcnair | Age differences in moral judgment: Older adults are more deontological than younger adults[END_REF], social wisdom (e.g., [START_REF] Grossmann | Reasoning about social conflicts improves into old age[END_REF], decision making (e.g., see Löckenhoff, 2018, for a review). Most importantly, they may also occur in domains where ABST effects have been less investigated (e.g., sensory acuity, language processing).

How does stereotype threat impairs older adults' performance?

We found that older adults recruited different sets of mechanisms (or strategies) to accomplish the same target task under threat and control groups. Moreover, they differed in how they executed the same mechanisms (or strategies) when they did not use different mechanisms. We found these results on two types of arithmetic tasks that examined changes in strategies either indirectly (arithmetic problem verification task in Expt. 1) or directly (computational estimation tasks in Expts. 2 and 3). These strategy findings have important implications to further our understanding of mechanisms underlying ABST effects.

That older adults used the better strategy less often and executed available strategies less efficiently under threat here are consistent with previous proposals or empirical findings (e.g., [START_REF] Hess | The impact of stereotype threat on age differences in memory performance[END_REF][START_REF] Lemaire | Negative aging stereotypes disrupt both the selection and execution of strategies in older adults[END_REF]. Indeed, like Hess et al. who found some indirect evidence that threat reduced the use of more efficient memory strategies, we also inferred from our data (Exp. 1) that threat disrupted the use of more efficient arithmetic strategies. For example, longer overall verification latencies under threat can be explained as a result of older adults selecting the exhaustive calculation strategy to verify a false equation, when a quick plausibility checking strategy was used in the control condition. This might seem peculiar at first as to why older adults under threat may choose a more demanding exhaustive calculation strategy over a quick plausibility checking strategy, however we can explain it in two ways.

First the use of quick plausibility checking strategy requires attention to semantic features of the problems [START_REF] Krueger | Why 2 x 2 = 5 looks so wrong: On the odd-even rule in product verification[END_REF][START_REF] Krueger | Why 2 + 2 = 5 looks so wrong: On the oddeven rule in sum verification[END_REF], that is cognitive flexibility involving a high level of attentional control. It is very much likely that threat affected older adults' cognitive flexibility disabling them to pay attention to such semantic details of the target arithmetic problems, hence they use the more resource demanding strategy over easy plausibility checking strategy. Second most importantly, it might have been easier for older adults to use one strategy that can be applied to all problems (i.e., both true and false problems) to avoid switching between strategies which could be resource demanding, especially under threat. Since the quick plausibility check could not be applied to all problems, older adults under threat used the more resource demanding strategy on all problems.

However, Experiment 1 was limited in making it impossible to have external behavioral evidence of such strategy disruption, because we could not test directly whether ABST led older adults to use the more efficient plausibility checking strategy less often or to execute it more poorly. However, with a Choice/No-Choice method, we found that threat occurred via disrupted strategy use and execution in older adults in Experiment 2. Moreover, our mediation analyses tested the hypothesis that strategy use mediates threat effects in older adults. We found a significant attenuation of the threat-related variance in performance when strategy use was statistically controlled (Expts. 2 & 3). We also found reduced or exacerbated threat effects on different measures of complex-arithmetic performances (Exps. This can be explained again as a result of older adults being less careful under threat at selecting the better strategy when given a choice that leads them to be quicker in responding while the responses were being compromised.

An additional important finding in our study concerns the differences in strategy repetitions under threat and control groups. We found increased strategy repetitions under threat (Expts. 2 & 3), especially on trials where it was inappropriate to repeat strategies to select the better strategy. Interestingly, increased rates of inappropriate strategy repetitions under threat suggests that ABST led older adults to be less efficient to inhibit the just executed strategy, to re-activate the two available strategies in working-memory while encoding the operands, to analyze problem features (i.e., size of unit digits) crucial for better strategy selection, and to choose the better strategy. This is consistent with previous findings that the ability to select a strategy requires inhibitory control to suppress competing strategies and cognitive flexibility to alternatively switch between strategies (e.g., [START_REF] Ardiale | Aging and Strategy Switch Costs: A study in Arithmetic Problem Solving[END_REF]Ardiale & Lemaire, 2012;[START_REF] Hodzik | Inhibition and shifting capacities mediate adults' agerelated differences in strategy selection and repertoire[END_REF][START_REF] Lemaire | Strategy switch costs in arithmetic problem solving[END_REF][START_REF] Luwel | Strengths and weaknesses of the choice/no-choice method in research on strategy use[END_REF]. This is also consistent with the hypothesis that stereotype threat impairs executive control mechanisms [START_REF] Croizet | Stereotype threat undermines performance by triggering a disruptive mental load[END_REF][START_REF] Mazerolle | Stereotype threat strengthens automatic recall and undermines controlled processes in older adults[END_REF][START_REF] Schmader | Converging evidence that stereotype threat reduces working memory capacity[END_REF][START_REF] Schmader | An integrated process model of stereotype threat effects on performance[END_REF][START_REF] Schmader | An integration of processes that underlie stereotype threat[END_REF].

Another finding consistent with the hypothesis that ABST decreased older adults' executive control processes concerns participants' performance on trials where strategy selection was controlled (Expt. 2, No-Choice condition). We found larger poorer strategy effects (i.e., differences in participants' performance while executing the poorer and the better strategies) in the threat group than in the control group. This was mostly the result of increased latencies under threat condition when participants were cued to execute the poorer strategy. No differences were found between control and threat groups when participants were required to execute the better strategy. Previous studies of poorer strategy effects revealed that participants first activate the better strategy when they encode problems. If the cued strategy is the poorer strategy, participants then inhibit the more or less automatically activated better strategy before executing the required, poorer strategy (e.g., [START_REF] Hinault | Sequential modulations of poorer-strategy effects during strategy execution: an event-related potential study in arithmetic[END_REF]Hinault et al., , 2016;;[START_REF] Lemaire | Adults' age-related differences in adaptivity of strategy choices: evidence from computational estimation[END_REF]Lemaire & Hinault 2014;[START_REF] Lemaire | Strategy switch costs in arithmetic problem solving[END_REF]. Here, ABST likely impaired older adults' executive resources used to inhibit the most automatically activated, better strategy and to focus on the execution of the cued poorer strategy.

Although the present findings are consistent with the hypothesis that ABST impaired older adults' executive resources, it is also plausible that other mechanisms contributed to how ABST impacts participants' performance via strategy selection and execution. Indeed, several mechanisms responsible for how stereotype threat results in poorer performance have been hypothesized in the stereotype threat literature. And it is possible that these mechanisms, or some of them, underlie the present findings. For example, ABST might impact adaptive strategy selection by lowering participants' performance expectations (e.g., [START_REF] Cadinu | Stereotype threat: The effect of expectancy on performance[END_REF]Desrichards & Kopetz, 2005) which may lower the amount of effort exerted to make adaptive strategy choices. Similarly, increased anxiety/arousal (e.g., [START_REF] Abrams | An age apart: The effects of intergenerational contact and stereotype threat on performance and intergroup bias[END_REF][START_REF] Abrams | Threat inoculation: Experienced and imagined intergenerational contact prevents stereotype threat effects on older people's math performance[END_REF] might affect cognitive processes controlling strategy use. More generally, the so-called older adults' regulatory focus (e.g., [START_REF] Barber | Stereotype threat in older adults: When and why does it occur, and who is most affected?[END_REF][START_REF] Higgins | Beyond pleasure and pain[END_REF][START_REF] Higgins | Promotion and prevention as a motivational duality: Implications for evaluative processes[END_REF], or how older adults approach cognitive tasks, may determine which strategies are deployed and how these deployed strategies are implemented while participant accomplish cognitive tasks.

It is important to note that a strategy approach of stereotype threat effects is not inconsistent with other proposals in the literature like the integrated process model (e.g., [START_REF] Schmader | An integrated process model of stereotype threat effects on performance[END_REF] or the regulatory focus model (e.g., [START_REF] Barber | Stereotype threat can both enhance and impair older adults' memory[END_REF]. The regulatory focus model of stereotype threat argues that people respond to threat by becoming more prevention-focused, that is by becoming more vigilant to avoid losses and negative outcomes (see, Barber, 2017;[START_REF] Popham | Age differences in the underlying mechanisms of stereotype threat effects[END_REF][START_REF] Lemaire | Cognitive aging. The role of strategies[END_REF]Seibt & Forster, 2004). It is likely that in our experiments ABST led older adults to adopt a more prevention focus (i.e. increased vigilance towards avoiding errors), leading older adults under threat to repeat strategies on consecutive trials more often, given that strategy repetitions helped them to execute the repeated strategy more quickly, with fewer errors, and with fewer resources. In other words, older adults tended to avoid errors and minimized estimation latencies by not switching between strategies that they were not sure they could execute as efficiently. An alternative, though not contradictory, account is the integrated process model that suggests that threat triggers negative affective responses and increases task monitoring. As these processes are cognitively effortful, this reduces the amount of executive resources available to perform the task, resulting in impaired performance. ABST effects as found in our experiments on older adults' strategy use and execution can easily be accounted for by assuming that threat taxes executive resources, as strategy use and execution in arithmetic are known to be highly demanding on executive control processes (e.g., Ardiale et al., 2012;[START_REF] Beilock | From poor performance to success under stress: Working memory, strategy selection, and mathematical problem solving under pressure[END_REF][START_REF] Hodzik | Inhibition and shifting capacities mediate adults' agerelated differences in strategy selection and repertoire[END_REF][START_REF] Imbo | The role of working memory in carrying and borrowing[END_REF][START_REF] Lemaire | Strategy switch costs in arithmetic problem solving[END_REF].

How individual differences alter ABST experience?

Previous studies found that some older adults' performance decreased more than others' under ABST conditions. Indeed, larger ABST effects were found in older individuals who tend to be younger, more highly educated, who tend to have more negative self-perceptions of aging, who have experienced or imagined low quality intergenerational interactions (e.g., [START_REF] Abrams | An age apart: The effects of intergenerational contact and stereotype threat on performance and intergroup bias[END_REF][START_REF] Abrams | Threat inoculation: Experienced and imagined intergenerational contact prevents stereotype threat effects on older people's math performance[END_REF], or higher levels of dementia-worry (e.g., [START_REF] Fernández-Ballesteros | Positive Perception of Aging and Performance in a Memory Task: Compensating for Stereotype Threat?[END_REF][START_REF] Fresson | The effect of stereotype threat on older people's clinical cognitive outcomes: Investigating the moderating role of dementia worry[END_REF][START_REF] Hess | Moderators of and mechanisms underlying stereotype threat effects on older adults' memory performance[END_REF]. The present study complements previous studies by investigating the magnitudes of ABST effects in each individual with a pretestposttest design. This made it possible to quantify the amount of interference of ABST on participants' performance and to determine to what extent some older individuals were able to resist more efficiently to ABST effects. Second, we assessed both domain-general (processing speed) and domain-specific (arithmetic fluency) processing resources and determined which resources moderate individual differences in ABST effects. Our findings deepen our understanding of how older individuals vary in their sensitivity to ABST effects.

We found that basic arithmetic skills interacted with ABST to modulate participants' arithmetic performance. Older adults with higher arithmetic fluency showed reduced ABST effects relative to older adults with lower arithmetic fluency. These findings can be explained by assuming that if ABST limits processing resources under threat, individuals with higher processing resources to start with will probably deplete their limited processing resources under threat much less than those who start with lower processing resources. As a consequence, individuals with higher processing resources will have much more processing resources left free for the target task than individuals with lower processing resources. Such higher level of available processing resources will enable individuals to perform the task better than individuals with lower processing resources. Our findings are consistent with previous results that showed close relations between processing resources and stereotype threat. For example, [START_REF] Régner | Individual differences in working memory moderate stereotype-threat effects[END_REF] found that women with higher working-memory capacity resisted stereotype threat effects more effectively relative to those with lower working-memory capacity (see also Beilock et al., 2007;[START_REF] Beilock | When High-Powered People Fail[END_REF][START_REF] Inzlicht | Stigma as ego depletion: How being the target of prejudice affects self-control[END_REF][START_REF] Beilock | Stereotype threat and working memory: Mechanisms, alleviation, and spill over[END_REF].

Combined together, findings from research on stereotype threat suggest that whichever stigmatized group, individuals with higher cognitive resources resist (or are less vulnerable) to stereotype threat. Here, in the context of arithmetic, domain-specific resources (arithmetic fluency) helped some older individuals to be less impaired by ABST. It is possible that individuals with higher processing resources were especially good at focusing their attention on task-relevant properties, and at ignoring threat related worries that likely perturbed those with lower cognitive resources. This should not lead to deny the role of domain-general processes on ABST effects. As influences of domain-general processes, like working-memory capacity has already been found (e.g., [START_REF] Régner | Individual differences in working memory moderate stereotype-threat effects[END_REF], it is possible that involvement of domain-general and domain-specific processes may depend on the task or domains in which ABST effects occur. Speculatively, it could be that domain-specific resources are most heavily involved when participants' performance depends on expertise in the domain where ABST effects are assessed (like arithmetic) and that domain-general resources are most important in domain-general cognitive functions (like memory, attention, abstract inferences).

At a general level, future studies on ABST, and other stereotype threats, would make important progress by taking individual differences into account. Here, we assessed individual differences in (domain-general and domain-specific) cognitive resources. Other psychological factors have been assumed to modulate effects of stereotype threat (see Barber, 2017, for a recent review). Such psychological factors include affective factors (e.g., anxiety, evaluation apprehension, or stress) and motivational factors (e.g., decreased performance expectations, increased avoidance goals, or changes in one's motivation to do well). These factors may also contribute to individual differences in ABST.

Implications for understanding the role of psycho-social factors in cognitive aging.

The strategy perspective adopted in this study enabled us to do more than simply observing that older participants underperform in stereotype threat conditions. It afforded us to characterize ABST effects more precisely, specifying their nature, the conditions of their occurrence, and the underlying mechanisms. In the current study, we found that stereotype threat always occurred via disrupted strategy use and execution in older adults. This suggests that examining strategic variations is a promising perspective to more precisely describe and provide a mechanistic account of ABST effects. It also suggests that such a strategy perspective could be adopted to further investigate effects of any situational characteristics that have been found to modulate age-related changes in human cognition. Such situational characteristics involve, for examples, social connectedness [START_REF] Amieva | What aspects of social network are protective for dementia? Not quantity but the quality of social interactions is protective up to 15 years later[END_REF][START_REF] Crooks | Social network, cognitive function, and dementia incidence among elderly women[END_REF][START_REF] Fratiglioni | An active and socially integrated lifestyle in late life might protect against dementia[END_REF], social support [START_REF] Béland | Trajectories of cognitive decline and social relations[END_REF][START_REF] Seeman | Social relationships, social support and patterns of cognitive aging in healthy, high-functioning older adults: MacArthur studies of successful aging[END_REF], or control beliefs [START_REF] Bielak | Short-term changes in general and memory-specific control beliefs and their relationship to cognition in younger and older adults[END_REF][START_REF] Lachman | Strategy use mediates the relationship between control beliefs and memory performance for middle-aged and older adults[END_REF]. Above and beyond cognitive resources and situations, agerelated changes in cognition have been found to interact with a number of other factors, like well-being [START_REF] Allerhand | The dynamic relationship between cognitive function and positivewell-being in older people: A prospective study using the English Longitudinal Study of Aging[END_REF][START_REF] Gerstorf | Well-being affects changes in perceptual speed in advanced old age: Longitudinal evidence for a dynamic link[END_REF], negative affect or depression [START_REF] Ownby | Depression and risk for Alzheimer disease: Systematic review, meta-analysis, and metaregression analysis[END_REF][START_REF] Royall | Depressive symptoms predict longitudinal change in executive control but not memory[END_REF], subjective feelings of loneliness (Holwerda et al., 2014), individual personality traits [START_REF] Caselli | Impact of Personality on Cognitive Aging: A Prospective Cohort Study[END_REF][START_REF] Kuzma | Premorbid personality traits and their course in mild cognitive impairment: Results from a prospective population-based study in Germany[END_REF][START_REF] Luchetti | Personality and Cognitive Decline in Older Adults: Data from a Longitudinal Sample and Meta-Analysis[END_REF][START_REF] Matthews | Personality and performance: Cognitive processes and models[END_REF], emotions [START_REF] Moore | Some long-term effects of emotion on cognition[END_REF][START_REF] Pessoa | Beyond brain regions: network perspective of cognition-emotion interactions[END_REF], or physical activity [START_REF] Bherer | A review of the effects of physical activity and exercise on cognitive and brain functions in older adults[END_REF]. To understand how these factors modulate cognitive aging, a strategy perspective enables to describe how these factors change the mechanisms that older adults adopt to accomplish cognitive tasks in different contexts (see [START_REF] Lemaire | Cognitive aging. The role of strategies[END_REF], for a deeper discussion on strategy perspective). A strategy approach has already proved fruitful to provide a better mechanistic account of the effects of several modulators of cognitive aging (e.g., see Bjälkebring, Västfjäll, & Johansson, 2013, for emotions;Lachman & Andreoletti, 2006, for control beliefs). As all cognitive tasks involve a sequence of mental procedures (or strategies), it is highly likely that adopting a strategy perspective to investigate cognitive aging would help us to better understand how and to what extent different psychosocial factors influence agerelated changes in human cognition.

Context

The two senior authors on this paper are in the same research institution. They had plenty of opportunities to exchange about their work and research agenda, PL on strategic
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 1 Figure 1. Parity Effects (mean differences in verification latencies between False Match and Mismatch problems) and Problem Size Effects (mean differences in verification latencies between True Small and Large problems) in Young and Older Adults under Threat and Control Groups. Error Bars represent 95% Confidence Intervals.

  as used in many studies since then. This method enables to investigate strategy use and strategy selection (in the Choice condition) independently of strategy execution (in the No-choice condition). Asking participants to execute the cued strategy in the No-choice condition controls for strategy selection artifacts, thereby yielding unbiased estimate of strategy execution. Because we wanted to examine strategy execution independently of strategy selection, ABST effects on performance were assessed in the choice condition and by no-Choice condition, separately. This sequence was also important to prevent strategy choices in the choice condition from being affected by carry-over effects from strategy execution in the no-choice condition.

  participant was randomly assigned to either a Threat group or a Control group. The stereotype threat manipulation was the same as in Experiment 1 and was implemented exactly the same way (same instructions). The computational estimation task was performed on a HP Laptop. The task was presented on a 1366 x 768 resolution screen in a 42-point Courier New Font. Written instructions (identical to those orally given by the experimenter) were displayed on the computer screen with example problems. Problems were displayed horizontally in the centre of the screen in a standard arithmetic format « a x b ». The symbols and numbers were separated by spaces equal to the width of one character. Participants solved all problems twice, first in a Choice condition (to investigate strategy choices), second in a No-Choice condition (to study strategy execution).
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 2 Figure 2. Older Adults' Mean Percentages of Strategy Repetition on Repeated Trials (when two successive problems were of the same type) and Unrepeated Trials (when two successive problems were of different types) in the Threat and Contol Groups. Error Bars represent 95% Confidence Intervals.

  No-Choice Condition. 
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 3 Figure 3. Simple Mediation Model for the Percentages of Use of the Better Strategy on Absolute Percent Deviations.

  [START_REF] Brubaker | The effects of stereotype threat on the associative memory deficit of older adults[END_REF] recently used a within-participants design and demonstrated ABST effects on both item and associative memory in the same individuals tested under nonthreat and threat conditions. Here, we used a pretest-posttest manipulation in another cognitive domain (arithmetic) and controlled for test-retest effects to examine changes in strategic variations within the same individuals. Also, Experiment 3 offered the opportunity to examine relations among variations in magnitudes of ABST effects and individual characteristics such as domain-general processing (speed) and domain-specific (arithmetic fluency) resources.
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  post-test = 1249 ms; F(1,46) = 83.75, MSe = 37,845,001, h 2 p = 0.57). The Group x Session interaction was significant (F(1,46) = 7.37, MSe = 3,300,342, h 2 p = 0.14). This interaction resulted from larger differences in estimation latencies between the pre-test and post-test sessions in the threat group (pre-test -post-test = 1620 ms; F(1,46) = 70.41, h 2 p = 0.60) than in the control group (pre-test -post-test = 878 ms; F(1,46) = 20.71, h 2 p = 0.31). Analyses of absolute percent deviations revealed that participants' estimates deviated more from correct products in the threat group than in the control group (threat -control = 3.4%; F(1,46) = 78.93, MSe = 135, h 2 p = 0.63), and in the post-test session than in the pre-test session (post-test -pre-test = 2.6%; F(1,46) = 45.52, MSe = 156, h 2 p = 0.49. The Group x Session interaction came out significant (F(1,46) = 55.68, MSe = 191, h 2 p = 0.55). Further contrasts revealed that the difference in percent deviations between the threat and control groups was significant in the post-test session (threat -control = 6.2%; F(1,46) = 79.19, MSe = 459, h 2 p = 0.63), but not in the pre-test session (threat -control = 0.5%; F<3). Comparing the pre-test and post-test sessions within each group showed that the difference in percent deviations between the two sessions was significant in the threat group (post-test -pre-test = 5.4%; F(1,23) = 53.22, MSe = 347, h 2 p = 0.69), but not in the control group (pre-test -post-test = 0.3%; F<2).
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 4 Strategy performance on target problems.Participants were overall faster in the post-test compared to the pre-test session (pre-test -post-test = 1080 ms; F(1,46) = 40.47, MSe = 27,951,819, h 2 p = 0.47). The Group x Session interaction (F(1,46) = 5.17, MSe = 3,576,328, h 2 p = 0.1) was significant. This interaction resulted from larger differences in estimation latencies between the pre-test and post-test sessions in the threat group (pre-test -post-test = 1465 ms; F(1,46) = 37.29, h 2 p = 0.45) than in the control group (pre-test -post-test = 693 ms; F(1,46) = 8.34, h 2 p = 0.15). Analyses of absolute percent deviations revealed that participants' estimates deviated more from correct products in the threat group than in the control group (threat -control = 2.1%; F(1,46) = 18.09, MSe = 50, h 2 p = 0.28), and in the post-test than in the pre-test session (post-test -pre-test = 1.0%; F(1,46) = 8.90, MSe = 24, h 2 p = 0.16). The Group x Session interaction was significant (F(1,46) = 7.21, MSe = 19, h 2 p = 0.14). Difference in percent deviations between the threat and control groups was significant in the post-test session (threat -control = 3.0%; F(1,46) = 33.90, MSe = 104, h 2 p = 0.42), but not in the pre-test session (threat -control = 1.2%; F<3.0). Comparing the pre-test and post-test sessions within each group showed that difference in percent deviations between the two sessions was significant in the threat group (post-test -pre-test = 1.9%; F(1,23) = 8.36, MSe = 87, h 2 p = 0.27), but not in the control group (pre-test -post-test = 0.1%; F<1). Effects of Age-Based Stereotype Threat on Participants' Strategy Selection.

  ,46) = 57.03, MSe = 2,359, h 2 p = 0.55), and in the pre-test compared to the post-test session (pre-test -post-test = 13%; F(1,46) = 43.82, MSe = 4,017, h 2 p = 0.48). The Group x Session interaction was significant, F(1,46) = 53.64, MSe = 4,916, h 2 p = 0.54. The difference in percentages of use of the better strategy between the control and the threat groups was significant in the post-test session (control -threat = 29%; F(1,46) = 61.33, MSe = 9,633, h 2 p = 0.57), but not in the pre-test session (threat -control = 1%; F<1).Comparing the pre-test and the post-test sessions within each group showed that the difference in percentages of use of the better strategy between the two sessions was significant in the threat group (pre-test -post-test = 28%; F(1,23) = 51.96, MSe = 8,910, h 2 p = 0.69) but not in the control group (post-test -pre-test = -2%; F<2).Strategy selection on target problems.Overall, older adults selected the better strategy more often in the control than in the threat group (control -threat = 13%; F(1,46) = 51.07, MSe = 2,193, h 2 p = 0.53), and in the pre-test compared to the post-test session (pre-test -post-test = 13%; F(1,46) = 55.13, MSe = 4,280, h 2 p = 0.54). The Group x Session interaction was significant, F(1,46) = 65.18, MSe = 5,060, h 2 p = 0.59. The difference in percentages of use of the better strategy between the control and the same strategy across two successive problems more often on repeated trials than on unrepeated trials (repeated -unrepeated = 53%; F(1,46) = 810.86, MSe = 137,067, h 2 p = 0.94). Most interestingly, the Group x Session x Trial interaction was significant (F(1,46) = 65.37, MSe = 10,150, h 2 p = 0.58). During post-test, participants repeated the same strategy on priming and target problems more often in the control than in the threat group for repeated trials (control -threat = 23.7%; F(1,46) = 31.31, MSe = 6,745, h 2 p = 0.41) and less often in the control than in the threat condition for unrepeated trials (control -threat = -32.3%; F(1,46) = 43.95, MSe = 12,545, h 2 p = 0.49). No differences were found between threat and control groups in the pre-test session for either repeated or unrepeated trials (Fs<1.0). Comparing the pre-test and the post-test sessions within each group showed that the difference in percentages of strategy repetitions between the two sessions was significant only in the threat group for repeated trials (pre-test -post-test = 22.3%; F(1,23) = 17, h 2 p = 0.42) and unrepeated trials (pre-test -post-test = 33.2%; F(1,23) = 70, h 2 p = 0.75). No significant differences in percentages of strategy repetitions were found between the two sessions in the control group (Fs<2.0).

  

Table 1 .

 1 Participants' Characteristics in Threat and Control Groups

		Young Adults			Older Adults	
	Variables	Threat	Control	p	Threat	Control	p
		M(SD)	M(SD)		M(SD)	M(SD)	

Table 2 .

 2 Young and Older Adults' Mean Response Latencies (in ms) and Percentages of Errors (in parentheses) on False and True Problems in the Threat and Control groups.

		Young Adults		Older Adults	
		Threat	Control	Means	Threat	Control	Means
	Problems						
				False Problems		
	Match	(11.4) 3871 (10.3) 3905 (10.8)	4239 (6.0)	3891 (6.0)	4065 (6.0)
	Mismatch	(7.0)	3345 (5.7)	3428 (6.3)	4159 (3.0)	3461 (2.3)	3810 (2.7)
	Means (9.2)	3608 (8.0)	3667 (8.6)	4199 (4.5)	3676 (4.2)	3938 (4.4)
	PE	** (4.9)	526 ** (4.6)	477 (4.5)	80 (3.3)	430 ** (3.7)	255 (3.3)
				True Problems		
	Large	(17.7) 4461 (15.9) 4504 (16.8) 5314 (11.3)	4550 (9.9)	4932 (10.6)
	Small	(11.7) 4218 (10.1) 4240 (10.9)	4673 (8.2)	4197 (8.7)	4435 (8.5)
	Means (14.7) 4339 (13)	4372 (13.8)	4993 (9.7)	4373 (9.3)	4683 (9.6)
	PSE ** (6.0)	243 ** (5.8)	264 (5.9)	641		

** (3.1) 353 ** (1.2) 497 (2.1) Note: PE (Parity Effects) = Match -Mismatch; PSE (Problem Size Effects) = Large -Small; * p < .05; ** p < .01.

Table 3 .

 3 Statistics of Significant Effects in Experiment 1 for Latencies on False and True Problems.

	Effects	df	MSe	F	ηp²
		False Problems			
	Group	1,154 4,039,622 15.22***	0.09
	Age	1,154 2,888,820 10.88***	0.07
	Parity	1,154 10,583,599 165.39***	0.52
	Age x Group	1,154 1,026,968 6.13*	0.04
	Age x Parity	1,154	979,619	15.31***	0.09
	Group x Parity	1,154	984,149	15.38***	0.09
	Age x Group x Parity	1,154	316,977	4.95*	0.03
		True Problems			
	Group	1,154 4,625,682 12.48***	0.08
	Age	1,154 3,830,163 10.34**	0.06
	Problem Size	1,154 11,447,560 137.30***	0.47
	Age x Group	1,154 3,029,754 8.18**	0.05
	Age x Problem Size	1,154 1,068,068 12.81***	0.08
	Group x Problem Size	1,154	538,521	6.46*	0.04
	Age x Group x Problem Size	1,154	296,988	3.56	0.02

Note: *p < 0.05, **p < 0.01, ***p < 0.001 control = 348 ms; F(1,154) = 8.56, MSe = 2,420,340, h 2 p = 0.05). In contrast, young adults in the threat and control groups were equally fast for both match and mismatch problems (Fs<1).

Table 4 .

 4 Participants' Characteristics in the Threat and Control Groups (Expt. 2).

		Threat M(SD)	Control M(SD)	p
	N (Females)	28 (22)	28 (19)	--
	Age (Years)	73.2 (5.4)	72.6 (5.5)	0.69
	Education (Years)	13.1 (2.5)	12 (1.6)	0.07
	MMSE	29 (0.8)	28.9 (0.8)	0.09
	MHVS	28 (3.1)	26 (5.4)	0.07

Table 5 .

 5 Mean Percentages of Use of Better Strategy, Mean Solution Latencies, and Absolute Percent Deviations (in parentheses) on Homogeneous and Heterogeneous Problems in the Choice Condition for Threat and Control Groups.

	Problems	Threat	Control	Means
		Percentages of Use of Better Strategy (%)
	Homogeneous	67	94	80
	Heterogeneous	55	70	62
	Means	61	82	71
		Mean Solution Latencies in ms (and percent deviations)
	Homogeneous	4088 (11.3)	5526 (1.9)	4807 (6.6)

p = 0.31). Thus, older adults selected the better strategy less often under stereotype threat than under control group, and this effect was larger on homogeneous than on heterogeneous problems.

2 

Table 6 .

 6 Older Adults' Mean Solution Latencies (in ms) and Absolute Percent Deviations (in parentheses) on Homogeneous and on Heterogeneous Problems when executing a Poorer or a Better Strategy in the Threat and Control groups.

	Threat		Control	
	Poorer	Better		Poorer	Better	
	Strategy	Strategy	Differences	Strategy	Strategy	Differences
	Problems					
	Homogeneous 6071 (1.1) 4758 (2.7) 1313 (-1,6) 5120 (1.1) 4748 (1.2)	372 (-0.1)
	Heterogeneous 6136 (1.1) 4864 (1.8) 1272 (-0.7) 5032 (1.2) 4794 (0.9)	238 (0.3)
	Means 6104 (1.1) 4811 (2.2) 1293 (-1.1) 5076 (1.2) 4771 (1.0)	305 (0.2)

Table 7 .

 7 Participants Characteristics in Threat and Control Groups.

	Threat (SD)	Control (SD)	p

Choice reaction time task (Color Detection) were used to measure speed of processing. The WAIS-IV Digit symbol coding task

Table 8 .

 8 Mean Percentages of Use of the Better Strategy, Mean Estimation Latencies (in ms), and Absolute Percent Deviations (in parentheses) on Priming and Target problems in the Threat and Control Groups.

	Sessions	Threat	Control	Means
		Priming Problems	
		Percentages of Use of the Better Strategy (%)	
	Pre-Test	96	95	95
	Post-Test	68	97	82
	Means	82	96	89
		Mean Estimation Latencies in ms (and percent deviations)	
	Pre-Test	5988 (10.4)	5495 (9.9)	5741 (10.1)

The exclusion/inclusion of these participants did not impact the results of any of the reported analyses.

This research was supported in part by the CNRS (French NSF), a grant from the Agence Nationale de la Recherche (Grant # ANR-17-CE28-0003-01-01) to PL, and a grant from the Agence Nationale de la Recherche (GRANT # ANR-16-CE36-0005-01) to IR.

Participants' performance. We carried out 2 (Group: threat, control) x 2 (Problem: homogeneous, heterogeneous) mixed design ANOVAs on mean solution latencies and absolute percent deviations, with Group as the only between-participants factor (See means in Table 5).

Participants were faster on homogeneous than on heterogeneous problems, F (1,54) = 39.3, MSe = 10,211,828, h 2 p = 0.42. Also, participants in threat group were faster than participants in the control group, F(1,54) = 7.7, MSe = 15,090,963, h 2 p = 0.13. The Group x Problem interaction revealed significant differences between the threat and the control groups on homogeneous problems only, F(1,54) = 14.09, MSe = 28,952,692, h 2 p = 0.21. In other words, participants in the threat group were 1438 ms faster than participants in the control group on homogeneous problems but equally fast on heterogeneous problems (F<3.0). Interestingly, analyses on absolute percent deviations revealed that participants' estimates deviated more from the correct products in the threat group than in the control group (mean difference = 5.6;

F (1,54) = 16.46, MSe = 434, h 2 p = 0.23) and more on heterogeneous than on homogeneous problems (mean difference = 1.9; F(1,54) = 6.30, MSe = 106, h 2 p = 0.10). The Group x Problem interaction revealed significant differences between the threat and the control groups on homogeneous problems only, F(1,54) = 43.65, MSe = 1,253, h 2 p = 0.45). In other words, participants in the threat group deviated 9.5% more than participants in the control group on homogeneous problems. Percent deviations for participants in both the threat and the control groups were comparable on heterogeneous problems (F<1).

Mediation analyses. To determine whether percentages of use of the better strategy mediated effects of stereotype threat on absolute percent deviations, simple mediation analyses threat groups was significant in the post-test session (control -threat = 28%; F (1,46) = 94.47, MSe = 9,436, h 2 p = 0.67), but not in the pre-test session (threat -control = 1%; F<1).

Comparing the pre-test and the post-test sessions within each group showed that the difference in percentages of use of the better strategy between the two sessions was significant in the threat group (pre-test -post-test = 28%; F(1,23) = 121.41, MSe = 9,324, h 2 p = 0.84) but not in the control group (post-test -pre-test = 1%; F<1).

Strategy repetitions.

We conducted a 2(Group: threat, control) x 2(Session: pre-test, post-test) x 2(Trial: repeated/unrepeated) mixed design ANOVA on mean percentages of strategy repetitions, with repeated measures on the last two factors (see means in Table 9). Strategy repetition was coded 1 if participants used the same strategy on the two priming problems and target problems; otherwise, it was coded 0. PROCESS (5000 bootstrapped resamples; Model 2; Hayes, 2013), absolute percent deviations were regressed on Group (dummy coded: 1 = Control and -1 = Threat) with z-scores of arithmetic fluency entered as our first moderator variable and z-scores of processing speed entered as our second moderator variable (see main effects and interactions in Table 10).

Results showed that our moderation Model 2 with arithmetic fluency and processing speed as moderators was overall significant (F(5,42) = 28.47, MSe = 1, R 2 overall effect = 0.79, p < .001). While the two Group x Arithmetic Fluency and Group x Processing Speed interactions together accounted for 18% of the variance in performance (F(2,42) = 18.79; ΔR 2 = .185; p < .001), the moderation by arithmetic fluency interaction uniquely accounted for 14% of the variance (F(1,42) = 16.99; ΔR 2 = .142; p < .001), whereas the moderation by processing speed interaction accounted for only 0.2% of the variance (i.e., the interaction Group x Processing Speed 3 was not significant while controlling for Threat x Arithmetic Fluency; F(1,42) = 0.38;

3 While our findings suggest that processing speed does not moderate threat effects in arithmetic domain, we found a significant bivariate relation between processing speed and percent deviations (r = -.431). We therefore conducted a simple moderation analysis (Model 1) and found a significant Group x Processing speed interaction suggesting that the relation between threat and percent deviations was moderated by processing speed (F(1,44) = 5.78; ΔR 2 = .002; p = .536). Thus, we found that arithmetic fluency was the best moderator. To interpret this moderation effect, we further examined the simple slopes (see Figure 4), that is the conditional effects of threat on absolute percent deviations evaluated at 1 SD below and above arithmetic fluency scores. of arithmetic fluency scores. We found that with increases in 

General Discussion

The three experiments reported here reflected the convergence of several unique ΔR 2 = .049; p = .020). It would be interesting for future studies to investigate processing speed as a moderator of threat effects in domains other than arithmetic. aspects of mathematical cognition and on cognitive aging and IR on effects of stereotype threat.

When PL and PN heard IR discussing her work on effects of stereotype threat, they raised a number of issues (e.g., how do we know if mechanisms used by participants to accomplish tasks under threat and nonthreat conditions are the same or different? What if these mechanisms were qualitatively different?). When IR and PN read and heard PL's previous works on strategic aspects of cognition and cognitive aging, they thought that his conceptual and methodological approaches were relevant to study effects of stereotype threat. Discussions in Lab meetings convinced them to join their efforts to investigate effects of stereotype threat (and ABST in particular) with a new (strategy) perspective that proved useful in past research to investigate mechanisms underlying mathematical performance as well as cognitive aging. Given their expertise, they decided to conduct the present three experiments on ABST effects in arithmetic, a domain where ABST had never been investigated before.