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The present research examined the effect of a negative stereotype induction on older adults' physical activity level, measured objectively and subjectively. Twenty older adults (18 women and two men; Mage = 67.4, SDage = 4.4) were assigned to a control condition, a neutral condition and a negative stereotype condition during three separate visits (i.e., within-subject design). In each physical activity session, participants performed the same training. Objective physical activity level was the time spent at moderate to vigorous intensity measured by accelerometry and subjective physical activity level was measured with the RPE-session method. Inactivity time was also objectively assessed. Results revealed no effect of the different conditions on objective physical activity level, but subjective physical activity level and inactivity time were lower in the neutral condition and in the negative stereotype condition compared to the control condition. It was suggested that when a negative stereotype is induced, participants perceived the task as less intense compared to the control condition, which result in less inactivity time, suggesting that the negative stereotype had a positive influence on physical activity. Another interesting result was that effects were similar in the negative stereotype condition and in the neutral condition, revealing that the neutral condition might not be a control condition. While these results are not in line with the stereotype threat literature, they echo previous recent studies also showing a positive effect of a negative stereotype induction, calling into question the stereotype threat theory.
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Introduction

With the increase of age, a decrease in physical activity (PA) participation is mostly observed accompanied by a physical decline [e.g., (1)], which is often considered as an inevitable biological process. However, and without neglecting the biological process involved, some researchers have suggested that psychological factors, especially stereotypes, play also an important role in this reduction [e.g., (2–4)]. Overall, two complementary frameworks have provided some evidence to this assumption: the stereotype embodiment theory (5) and the stereotype threat (ST) theory (6). In the present research, we only focused on the ST theory, which has been few explored when considering aging stereotypes, especially their influence on PA. Specifically, the aim of the study was to investigate the influence of a negative stereotype induction on PA level during a training session.

According to the ST theory, when a negative stereotype toward one group is induced, in a context where this stereotype can be applied, a decreased performance is expected (6). A large number of studies have found and replicated this performance impairment on various domains, on many populations, using different stereotypes [e.g., (7, 8)]. More precisely, concerning older adults, most studies have replicated this deleterious effect in a large variety of domains [for meta-analyses, see (9, 10)]. Indeed, meta-analyses revealed a reliable ST effect on older adults' episodic and working memory (9) and on cognitive performances [e.g., math tests; (10)]. However, to the best of our knowledge, only nine studies have been conducted in the physical domain and results are mixed. For example, it has been shown that inducing a negative stereotype may negatively impact maximal strength and walking speed [e.g., (11–13)]. Conversely, some others studies revealed that these same variables are not impacted during a ST situation, as well as balance, flexibility and endurance (14–18). Finally, a recent study also found a positive effect of a negative stereotype induction during a submaximal strength task (19).

All studies conducted in the physical domain have the common point that they only focused on isolated tasks measuring physical capacities (e.g., strength, balance, walking), and mostly in non-ecological situations. For example, in Marquet et al. (17), participants' physical capacities were assessed in a laboratory with only the experimenter and the participant [see also (13, 18) for examples]. Moreover, as far as we know, there is no information concerning the possible durability of the ST effects immediately after the stereotype induction. A recent study has suggested, in another stereotyped population, that the effects of ST would last at least 20 min (20). A good way to investigate the effects of ST in the physical domain and its durability in an ecological context is the investigation of PA level during a training session, which is currently unknown. This exploration seems necessary for several reasons. Firstly, PA level is an important health-related outcome. Indeed, in older adults, it has been related to cognitive and physical functioning [e.g., (21, 22)], frailty [e.g., (23)], cancer risks [e.g., (24)] and mortality [e.g., (25)]. Moreover, it is well established that a large part of the older adults' population is insufficiently active and does not meet PA guidelines [e.g., (26)]. Thus, a potential diminution of PA level induced by the negative stereotype, would lead to an even greater distance from the recommendations and would therefore be devastating for older adults' health since PA level must reach a threshold to elicit physical adaptations and benefits. If training sessions are too light and/or too distant in time, no physical benefits would be observed over time (27). Therefore, the present research focused on the effects of a negative stereotype induction on PA level measured during a training session.

In the literature, different methods have been used to quantify subjective and objective PA level. A subjective method commonly used is the Session-RPE method (28) based on CR-10 RPE scale (29). Several objective methods have been proposed to quantify PA level such as evolution of blood lactate, heart rate and oxygen consumption (30). For intermittent exercise trainings, these methods are limited because these physiological variables are not constant over time (31). Thus, the use of accelerometry appears to be a good alternative because both PA duration and intensity are recorded over time and allow an objective measure of PA (i.e., moderate to vigorous physical activity: MVPA) as well as an objective measure of inactivity [i.e., inactivity time: IT (32)]. Crossing objective and subjective measures of PA level seems important to have an overview of what participants objectively do during the session but also how they subjectively perceived it. Moreover, past studies have shown that, under ST, results may differ between self-reported measures and objective measures [e.g., (20, 33)].

Previous studies have shown that PA level can be influenced by psychological factors such as personality traits, social comparison, or even stereotypes [e.g., (3, 34, 35)]. For example, Arigo et al. (34) found that when women experienced more comparisons than usual, they were objectively 7 to 14% less active in the following 30 min. Also, Emile et al. (3) have observed in a cross-sectional study that the more older adults hold negative aging stereotypes related to the physical domain, the more their PA level is low. However, no study has attempted to observe the situational and immediate effect of the induction of a negative stereotype on PA level.

Therefore, the main aim of the present research was to observe the effect of a negative stereotype induction on older adults' PA level measured objectively through accelerometry (i.e., MVPA and IT) as well as subjectively using the Session-RPE method. Based on the mixed results observed in the literature, we did not make hypotheses.



Method


Participants

Twenty older adults (i.e., 18 women and two men) ranging from 60 to 76 years old (Mage = 67.4, SDage = 4.4) were recruited. A sensitivity power analysis, based on a within-subject design with repeated measures, assuming an α of 0.05 and power of 0.80, indicated that our sample size allows us to detect moderate-to-large effects of f = 0.30. Participants were directly contacted during their sports class and provided informed consent. The inclusion criteria included: more than 60 years old, being identified with the physical activity domain, being affiliated to a physical activity group. The exclusion criteria included: any bone, muscle or tendon trauma of the limbs (e.g., osteoarthritis). According to the ST theory (6), individuals need to identify with the domain to be susceptible to ST (36). Consequently, in the present research, we only recruited participants from a physical activity group, as in Chiviacowsky et al. (13) and Deshayes et al. (19). Moreover, to ensure that they were identified with the physical activity domain, participants, prior to the experiment, completed two 7-point items [i.e., “it is important for me to have good physical abilities” and “it is important for me to be good during physical activities,” (20)], with responses ranging from 1 (strongly disagree) to 7 (strongly agree). All the recruited participants had a mean score higher than 4 (M = 6.9, SD = 0.3) and were consequently added in this study.



Study design

In the present research, a within-subject design was used because (i) it has greater statistical power (37) and (ii) it enables better observation of individual differences, as each participant is assigned to each condition. This type of design has gained popularity these past few years to investigate ST effects [e.g., (20, 38, 39)], especially in older adults (15). In this study, three visits were included reflecting the three conditions used. All the participants began with the control condition [as in (39)], followed by two randomized conditions: a neutral condition and a negative stereotype condition.



Materials and measures

Objective PA level and IT were measured with tri-axis accelerometers GT3X (Actigraph, Pensacola, FL, USA). Participants had to wear the accelerometer on the right side of the hip, adjusted with an elastic belt, during all training sessions. Actilife v-6.13.4 Lite Pro software was used to extract PA and IT values. Data were downloaded in 1 second epoch to measure PA and IT. According to Freedson algorithm, we defined IT as 0–99 counts per minute and MVPA > 1,952 per min (40).

Subjective PA level was evaluated according to the Session-RPE method (28). After the session, participants had to report the perceived intensity of the session on a CR-10 RPE scale (29). This value was multiplied by the duration of the session expressed in minutes (28). This method is frequently used to monitor PA level in various populations and expertise level [see (41) for a review].



Physical activity session

During the three visits, separated by 7 days, participants performed the same physical activity session, lasting ~45–50 min at the same time of day. The session content is provided as Supplementary material to this paper. Specifically, in order to observe how the different conditions influenced PA level, instead of asking participants to perform a certain number of repetitions, participants were requested to do as much as effort as they can in a given time. Participants were divided into groups of 5–10 people as in a previous study (27), which remained the same during the three sessions. The experimenter was the same all along the experimentation and was requested to have the same implication during all sessions and to use the same tone of voice in order to limit intersession variability.



Procedure

During the first session (i.e., control condition), participants were greeted by a female experimenter. After giving consent, all participants responded individually to the domain identification questionnaire. Prior to the session, each participant was given an accelerometer. The protocol was then initiated and participants performed the PA lesson. At the end of each session, participants reported their perceived intensity. Participants came back to the fitness class 1 week later, were randomly assigned to another condition (i.e., negative stereotype condition or neutral condition) and realized the same training lesson. Then, participants came back a last time to perform the final training session 1 week later in the condition to which they had not yet been assigned (i.e., negative stereotype condition or neutral condition). During each session, as a stereotype manipulation check, participants were asked: “For this training session, your PA level will be compared to:” with three answers options: “younger people,” “people of the same age” or “older people.” All participants correctly answered the question in each session. Finally, they were thanked and debriefed.



Stereotype manipulations

Given the within-subject nature of the design, we did not activate stereotypes by manipulating task diagnosticity, as is classically done in ST research [e.g., (42)]. Indeed, it was considered that it was not credible to present to the same participants the task as diagnostic of one ability in one condition, and as non-diagnostic of the same ability in another condition (15). Thus, in the negative stereotype condition, the stereotype was activated by telling participants that the goal of the study was to examine differences in PA level between older adults and younger adults and that their PA level would be compared to younger adults. In the neutral condition, participants were told that the goal of the study was to examine differences in PA level among older adults aged 65 years and over and that their level of physical activity would be compared to adults of the same age. They were further informed that older adults referred to people aged 65 years and over (i.e., in the neutral condition), and that younger adults referred to people aged 30 years and less (i.e., in the negative stereotype condition). This manipulation has been recently used to evaluate the effect of stereotype in older adults during a physical task [(15), see also (12)]. In the control condition, nothing was said to participants [e.g., (43)].



Data analysis
 
Main analysis

Variable data normality was checked using the Shapiro–Wilk test and homogeneity of variance with the F-test. Since normality was assumed (ps > 0.05) for objective PA level and IT, a one-way ANOVA with repeated measures was conducted with Conditions (i.e., control vs. neutral vs. negative stereotype) as a within-subject factor. Paired sample t-tests were used for comparison within groups and Bonferroni correction was used to adjust for multiple comparisons. For subjective PA level, normality was not assumed (ps < 0.05). A non-parametric Friedman ANOVA was thus conducted and Conover's post-hoc tests were used for comparisons within groups. Effect sizes were expressed as the eta-squared (i.e., η2) for ANOVA analysis, as Cohen d (i.e., d) for t-tests and as Kendall's W index (i.e., W) for Friedman ANOVA.



Complementary analysis

To the best of our knowledge, no study has investigated the durability of the effect of the stereotype immediately after its induction. In other words, does the stereotype influence participants during the entire session or does its effect dissipate over time? Therefore, each session was also split into two times: T1 corresponding to the first 50% of the training session and T2 referring to the last 50% of the training session and a 3 (Conditions) x 2 (Time of measurement) ANOVA was conducted with Conditions and Time of measurement as within-subject factors.





Results

Means and SDs for the study variables are presented in Table 1.


TABLE 1 Means (±standard deviations) of the dependent variables of the study.
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Main analysis

For objective PA level, the ANOVA revealed no Condition main effect (F (2, 36) = 0.65; p = 0.53; η2 = 0.04), suggesting that the different conditions had no effect on PA level (see Figure 1A). For IT, results showed a Condition main effect (F (2, 36) = 9.29; p < 0.001; η2 = 0.34). Specifically, IT was higher in the control condition (M = 15.04; SD = 3.13) compared to the neutral condition (M = 13.49; SD = 2.36; p = 0.01; d = 0.70) and to the negative stereotype condition (M = 12.94; SD = 2.12; p < 0.001; d = 0.95). There was no significant difference in IT between the neutral condition and the negative stereotype condition (p = 0.84; d = 0.25; see Figure 1B).
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FIGURE 1
 Difference of MVPA (A), IT (B), and RPE-Session (C) between the three different conditions.


For subjective PA level, a Condition main effect emerged (χ2 (2) = 17.23; p < 0.001; Kendall's W = 0.58). Subjective PA level was higher in the control condition (M = 225.15; SD = 55.62) compared to the neutral condition (M = 198.80; SD = 35.75; p = 0.008) and to the negative stereotype condition (M = 184.40; SD = 56.26; p < 0.001). There was no significant difference in IT between the neutral condition and the negative stereotype condition (p = 0.21; see Figure 1C).



Complementary analysis

For objective PA level, the ANOVA revealed no Condition main effect (F (2, 36) = 0.65; p = 0.53; η2 = 0.04) but a Time of measurement main effect (F (1, 18) = 37.47; p < 0.001; η2 = 0.68). More importantly, there was no significant Condition x Time of measurement main effect (F (2, 36) = 1.51; p = 0.24; η2 = 0.08).

For IT, results revealed a Condition main effect (F (2, 36) = 9.29; p < 0.001; η2 = 0.34), a Time of measurement main effect (F (1, 18) = 69.11; p < 0.001; η2 = 0.79), as well as a Condition x Time of measurement interaction effect (F (2, 36) = 3.3; p = 0.05; η2 = 0.16). Specifically, at T1, participants' IT was higher in the control condition (M = 8.54; SD = 1.64) compared to the neutral condition (M = 7.51; SD = 1.34; p = 0.03) and to the negative stereotype condition (M = 6.96; SD = 1.48; p < 0.001). There was no significant difference in IT between the neutral condition and the negative stereotype condition (p = 1.0). At T2, there was no significant difference between the three conditions concerning IT (all ps > 0.05). This complementary analysis revealed that the effects on IT were present only during the first part of the session.




Discussion

The aim of the present study was to observe the effect of a negative stereotype induction on older adults' objective and subjective PA level and IT during a training session. Results revealed no effect of the different conditions on objective PA level (i.e., MVPA), but subjective PA level (i.e., Session RPE) and IT were lower in the neutral condition and in the negative stereotype condition compared to the control condition. Overall, these results are not in line with the ST theory and are worthy of discussion.

Firstly, as evoked, there was no significant difference between control and negative stereotype conditions concerning objective PA level. In other words, the time spent at moderate to vigorous PA intensities was similar between the two conditions. Even if this result is not in line with the ST theory, it seems however in line with most recent studies conducted in older adults showing no effect of the negative stereotype induction on objective variables in the physical domain [e.g., (15, 16, 18)]. Chiviacowsky et al. (13) have suggested that the absence of effect of the induction of a negative stereotype on physical performance could be due to a delayed effect. According to them, participants under ST would adopt a prevention-focus approach [i.e., focus on avoiding failure, (44)]. Adopting this approach can annihilate the ST effect in a short term, due to resource involvement but not in a long term due to cognitive exhaustion. Supporting this assumption, Chiviacowsky et al. (13) did not found any ST effect immediately after the induction of the negative stereotype, but an effect the day after. All of these results revealed that negative stereotypes had a minor influence on objective measures in the physical domain in older adults, immediately after their inductions.

However, subjective PA level was impacted. Subjective participants' PA level was significantly lower in the negative stereotype condition compared to the control condition. This result suggests that participants in the negative stereotype condition felt that their PA level was lower even if it was objectively similar to the control condition. This mixed result for the same variable measured with different tools is not that surprising. Indeed, past studies have also shown that the effects of negative stereotypes could be different according to the tools used [e.g., (20, 33)]. For example, Deshayes et al. (20) investigated the effect of the induction of a negative stereotype on task involvement, in another population. Interestingly, they found, as in the present research, different results between objective and subjective measures. Also, this result is in line with recent studies suggesting that even if no effect is observed on an objective physical variable, the negative stereotype can however have an effect on psychological variables [e.g., (18, 45)]. For example, Deshayes et al. (18) found that the negative stereotype induction did not influence older adults' endurance performance but impacted negatively subjective age. In the same vein, Chalabaev et al. (15) found that negative stereotype induction does not influence walking speed but increases cognitive load.

Subjective PA level was measured with the “Rate of Perceived Exertion” (i.e., CR 1-10 RPE value) and previous studies have found that this variable can be influenced by a ST situation [e.g., (20, 38)]. Gray et al. (38) found during a fatiguing intermittent task, that RPE increased slowly when a negative stereotype was induced [i.e., positive effect; see also (20)]. As a training session is based on intermittent exercises and may be fatiguing, the result observed in the present research is in line with the study conducted by Gray and Colleagues. However, how the lowest subjective PA level observed in the present research in the negative stereotype condition can be interpreted? Two opposing hypotheses may be outlined: Did participants felt they have been less active because (1) they perceived the task as less intense or (2) they were less motivated? The combination of the subjective PA measurement and the result observed on IT give credibility to the first hypothesis. Indeed, in order to assess the subjective PA level, participants were requested to answer the following question: “How was your session?” This instruction is closely related to task intensity since a close association has been observed between RPE and task intensity in older adults (46). Moreover, we observed that participants in the negative stereotype condition were less inactive than participants in the control condition. Therefore, we may suggest that in the negative stereotype condition, participants perceived the task as less intense than under the control condition, which result in less IT. In addition, it can be noted that the effect of the stereotype on IT seemed to dissipate during the session. Indeed, participants were less inactive in the negative stereotype condition compared to the control condition only during the first 50% of the session (i.e., ~25 min). To the best of our knowledge, this study is the first showing that the negative stereotype is effective during a short period before quickly dissipating.

In sum, we found no effect on objective PA level but a positive effect on subjective PA level and on objective IT. These positive results echo previous recent studies also showing a positive effect of the induction of a negative stereotype, calling into question the ST theory [e.g., (19, 20, 38, 43, 47)]. If individuals have the feeling of being less active whereas objective PA level remains the same, the negative stereotype induction seems positive. Indeed, one of the most cited barriers to PA is the feeling of fatigue, related to the perceived exertion [i.e., they do not engage in PA because they perceive it as too intense; (48)]. Thus, if PA is perceived as less intense, individuals could engage more in it. However, does this mean that we should threaten older adults to increase their engagement in PA? Based on the stereotype spill-over theory (49), in addition to influencing performance of the stereotyped domain, inducing a negative stereotype can spill over and impact diverse array of non-stereotyped domains [e.g., negative stereotypes toward older adults' physical capacities have a negative influence on cognitive load; (15)]. Therefore, using negative stereotypes seems dangerous.

A last interesting result is that effects observed in the negative stereotype condition were also found in the neutral condition. Specifically, even if objective PA level was not affected, participants in the neutral condition had a lower subjective PA level and were less inactive than in the control condition. These results suggest that the neutral condition may be not a control condition. Some previous studies conducted among older adults investigated the effects of ST by only comparing the neutral condition and the negative stereotype condition (12, 15). Chalabaev et al. (15) did not find any difference between these two same conditions on physical performance. It may be possible that these two conditions influenced physical performance but that this effect was not detected because of the lack of a real control condition. Therefore, it appears necessary to use a control condition when investigating ST among older adults and future studies should focus on the impact of this neutral condition in the physical domain.

Despite interesting results, the current study presents some limits and perspectives. Firstly, even if the sample size is consistent with previous studies conducted in older adults [e.g., (13, 19)], it could be interesting in further research to include more participants. This would allow to increase the statistical power, detecting smaller effect and examine the mechanisms involved in the observed modifications. Secondly, the task used in the present research was not performed at maximal performance as it is classically done in the ST literature [e.g., maximal strength; (12)]. Other recent studies using submaximal tasks did also not find the negative effect expected by the negative stereotype induction [e.g., walking at a self-paced speed, (15); performing submaximal contractions, (19)]. Therefore, it is possible that during submaximal tasks, the induction of a negative stereotype does not have a negative influence, even a positive, in older adults in the physical domain. Thirdly, subjective PA level was only recorded at the end of the session as classically done (50). It would have been interesting to have an intermediate value to examine if the ST operate on subjective PA level during the entire session or, as for IT, during only the first half. Fourthly, recruited participants were highly identified with the PA domain, which is recommended when ST is investigating. However, it could be interesting to replicate this study with community-dwelling older adults, not necessarily identified with the PA domain, in order to generalize, or not, this effect, in the general population. Finally, our stereotype manipulations were chosen to fit with the design of the study [see also (15)]. However, it could be interesting to replicate this study with a between-subject design with a stereotype manipulation based on task diagnosticity, as it was also used in ST research [e.g., (42)].

To conclude, the present research found that a negative stereotype induction had no influence on objective PA level but have a positive effect on IT and subjective PA level during a training session, which is contrary to the ST theory. Moreover, it appears necessary in future research to add a control condition when investigating ST since the neutral condition seems not to be a control condition.
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