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Introduction: Although test anxiety had traditionally been conceptualized as composed of negative dimensions, the French Revised Test Anxiety + Regulatory scale (FRTA + R) includes a noteworthy positive dimension which represents the regulatory component of anxiety. Perceived control is thus supposed to reflect a potential coping capacity.

Method: This study investigates the psychometric properties of the FRTA + R using confirmatory factor analysis, as well as its reliability and invariance across gender and grade levels in a sample of 259 secondary school students from a French-speaking canton of Switzerland (Mage = 13.51, SD = 1.05; 51% girls). The aim is also to identify test anxiety profiles using cluster analysis.

Results: The main findings support the five-factor structure of FRTA + R (CFI = 0.97; TLI = 0.97; RMSEA = 0.047) and confirm invariance across gender and grade levels at both configural, metric, and scalar levels. While the reliability of the scale is broadly supported, the test-irrelevant thinking factor presents relatively heterogeneous factor loadings, suggesting a possible lack of precision and stability. Findings from latent mean comparisons showed that girls reported higher levels on three dimensions (i.e., Bodily symptoms, Tension, and Worry) as well as lower levels of perceived control than boys, while 9th graders also reported higher levels on these three negative dimensions compared to 10th and 11th graders. A preferred 3-cluster solution was identified, corresponding to low (41% of whom 66% boys), medium (37% of whom 60% girls), and high (22% of whom 72% girls) levels of test anxiety.

Discussion: Although the pertinence of defining test-irrelevant thinking and perceived control as a full-fledged dimension of test anxiety is questioned, results contribute to the extensive body of research supporting gender differences and are also discussed in terms of practical implications and benefits of FRTA + R.
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1. Introduction

According to the Organization for Economic Co-operation and Development report (Organisation for Economic Co-operation and Development [OECD], 2017) presenting the results of the PISA 2015 study on student well-being, a significant number of students would experience anxiety especially when confronted with test situations. Indeed, approximately 59% of students reported concerns about the difficulty of tests and 55% reported feelings of high anxiety despite being well prepared for a test (Organisation for Economic Co-operation and Development [OECD], 2017, p. 84).1 Although data from Switzerland in this report are generally lower than the average across OECD countries, it appears that test anxiety affects more than 30% of students with respect to the question asked.2 It also seems that the overall prevalence of test anxiety is constantly increasing. For example, data from this report indicates that over 60% of students in the United Kingdom were experiencing test anxiety, while Putwain and Daly (2014) found evidence of high-test anxiety in 16% of students in their sample aged between 14 and 16. These discrepancies in proportion may be due to the use of different measures and the consideration of levels (i.e., low, moderate, and high) to define students who may be considered test anxious.3

Although it is difficult to obtain a true estimation of the prevalence of test anxiety without using standardized tests with cut-off scores, it appears that evaluation situations (i.e., tests) are a significant source of anxiety for students (McDonald, 2001). Despite some methodological problems previously mentioned that make it difficult to effectively compare study results (e.g., particularly due to the diversity of measure instruments used; McDonald, 2001), this remains an alarming observation knowing that test anxiety generally leads to performance decrements (Spielberger et al., 2015). However, if some associations between school achievement and students’ health are mentioned in The Swiss Education Report (e.g., Swiss Coordination Centre for Research in Education [CSRE], 2018), this is mainly to assess the impact of some factors such as body weight, physical fitness and physical disabilities on motivation and performance, test anxiety not being considered. Therefore, the availability of a reliable and valid tool appears to be an essential condition for collecting data specific to the construct studied and for conducting comparative studies.

Trait-state anxiety theory provides a conceptual framework for understanding test anxiety. Spielberger (1966, 1972) defined state anxiety as a temporary emotional state that can occur in any individual faced with a situation appraised as potentially threatening, and which is characterized by subjective feelings of apprehension, fear and tension, as well as activation of the autonomic nervous system This state of anxiety can vary in intensity and fluctuate over time. Trait anxiety is defined as a predisposition to appraise a wide range of stimuli that are more or less neutral (i.e., non-dangerous) as representing a personal threat, resulting in a tendency to respond to these perceived threats with intense state-anxiety reactions that are disproportionate to the situation. This trait of anxiety is relatively stable, and levels of state anxiety are chronically higher than those of most other individuals. Test anxiety, in turn, can be defined as a set of symptoms (i.e., physiological, emotional, cognitive, and even behavioral) experienced by students when faced with a performance assessment situation (i.e., test) perceived as threatening (Putwain and Daly, 2014; Lowe, 2021; Mascret et al., 2021). This appraisal situation and the perceived threat associated with it would generate irrelevant worries as well as intense and often negative emotional responses such as feelings of apprehension, distress, and even depression (McDonald, 2001; Spielberger et al., 2015). As a result, during a high-stakes test situation where a student has a poor belief in one’s ability to cope, this student will be more likely to perceive the test as a threat which will increase one’s state anxiety (Putwain and Daly, 2014). Thus, test anxiety can be conceptualized as a situation-specific (i.e., exam or test) form of trait anxiety with a disposition to react to the perceived threat with an increase in state anxiety, which is characterized by feelings of tension and worries associated with physiological arousal (Spielberger, 1980 cited by Spielberger and Vagg (1995), pp 6–8). However, individuals with a high level in trait test anxiety will not necessarily respond to all threatening situations with an increased level of state anxiety, only to those where their performance will be evaluated (Putwain and Pescod, 2018).

This conceptualization led to the definition of two main dimensions, namely Emotionality (sometimes referred to as Tension; e.g., Putwain and Daly, 2014) and Worry. Emotionality (i.e., Tension) represents the affective-physiological component with activation and perception of physiological responses, while Worry represents the cognitive component with activation of negative and self-critical thoughts (Putwain and Daly, 2014; Mascret et al., 2021). According to McDonald (2001), the negative thoughts present both before and during a test can be related to doubts about one’s ability to succeed, negative comparisons with others, or unfavorable consequences of a poor test performance. The most widely used scale in line with this two-dimensional model of test anxiety is the Test Anxiety Inventory developed by Spielberger (1980), which however presents some reliability problems (i.e., low internal consistency of the Worry dimension) as well as overlap between the two dimensions (Mascret et al., 2021). Nevertheless, there has been an evolution in the conceptualization of test anxiety. For example, Emotionality has been described as including various physiological manifestations (particularly bodily symptoms), while the cognitive component would include both worries about test performance or consequences and irrelevant thoughts unrelated to the task (Spielberger and Vagg, 1995, p. 10; Thomas et al., 2018). These considerations led to the definition of test anxiety as composed of four dimensions, namely Worry, Test-irrelevant thinking, Bodily symptoms, and Tension (Sarason, 1984; Spielberger and Vagg, 1995, p. 10) that can be measured with the Revised Test Anxiety scale (RTA; Benson and El-Zahhar, 1994). This multidimensional scale can therefore encompass the full range of cognitive, affective and physiological manifestations of test anxiety.

Recently, Mascret et al. (2021) translated the RTA scale into French and added a fifth dimension that supposedly represents the regulatory component of anxiety (i.e., Perceived control), providing the possibility of assessing the adaptive potential of test anxiety. This dimension is presented by these authors as “the perception of feeling capable of coping and attaining goals under stress.” They specifically insist on the fact that it is a full-fledged dimension of anxiety reflecting a potential coping capacity that enables to apprehend the variation of anxiety levels. The items composing the Perceived Control dimension were developed on the basis of Cheng et al. (2009) three-dimensional model of performance anxiety, in which individuals anxious in test situations are considered to appraise not only the situation as representing a threat, but also their potential ability to cope with it. For example, believing oneself to be well prepared, capable of coping with the evaluation situation and performing well could lead to the mobilization of additional resources (Mascret et al., 2021) and be associated with positive feelings (McDonald, 2001) despite the anxiety felt. Spielberger and Vagg (1995, p. 12) had already mentioned this adaptive potential, where correctly answering several questions on a test could be associated with positive thoughts and a reappraisal of the situation as less threatening, whereas inability to answer a question could be associated with negative thoughts, worry, feelings of tension and a state of physiological arousal. Some authors have also discussed this concept as the degree of certainty regarding one’s ability to achieve a good mark or avoid failure by mobilizing certain resources (e.g., effort, strategies), which would also influence how one prepares for test situations (Putwain and Aveyard, 2018). This definition seems close to the definition of Mascret et al. (2021) previously mentioned. Although other measurements include a dimension close to Perceived Control (i.e., lack of confidence), it remains conceived as a negative dimension of test anxiety without taking into account its positive and adaptive effects.

Thus, in their study conducted among a sample of 403 French students aged 13 to 18, Mascret et al. (2021) demonstrated satisfactory psychometric properties of the FRTA + R. An initial confirmatory factor analysis (CFA) led to the deletion of 8 out of 26 items from the five-factor model with factor loadings below 0.50. A second CFA run on the remaining 18 items showed good fit indices (i.e., CFI = 0.98; IFI = 0.98; RMSEA = 0.049; and SRMR: 0.05), with factor loadings ranging from 0.54 to 0.91. When compared with alternative models (one-, two- and three-factor), the five-factor model showed a better fit to the data (ECVI value = 0.84) with measurement invariance across gender at both metric and scalar levels. Significant correlations between factors ranged from −0.16 (i.e., between test-irrelevant thinking and perceived control) to 0.62 (i.e., between worry and tension). However, test-irrelevant thinking was not significantly correlated with any of the other negative dimensions of test anxiety, while perceived control was negatively correlated with all four negative dimensions. This last element is important to consider, as it underlines the potential positive effects of this dimension. Given that test anxiety is recognized in the literature as a multidimensional construct, the choice of a scale measuring five dimensions already available in French seemed most relevant. Although students’ ability to cope with test situations could influence their perception and appraisal of these situations as threatening or non-threatening (Spielberger and Vagg, 1995), suggesting that perceived control would be more of an antecedent of test anxiety, the added value of this dimension makes it an instrument of choice to determine whether students are able to mobilize some resources despite the perceived threat and resulting anxious response. As pointed out by Mascret et al. (2021), the FRTA + R scale may thus be useful for screening at-risk student profiles, combining both high levels in negative dimensions (i.e., worry, test-irrelevant thinking, bodily symptoms and tension) and low levels of perceived control.

Indeed, some studies using a person-centered approach have identified recurring profiles of low, medium and high levels of test anxiety in middle/high school and undergraduate students (e.g., Chapell et al., 2005; Thomas et al., 2018; Lowe, 2021). The proportions of students belonging to the high-test anxiety profile varied between 16 and 22% depending on the study. In addition, McDonald (2001) pointed out that studies using self-report measures of test anxiety consistently reported higher levels among female participants, with levels generally increasing with age. Gender differences would mainly concern Tension dimension with higher levels in girls (Putwain and Daly, 2014; Mascret et al., 2021) while boys would report higher levels of perceived control (Mascret et al., 2021). McDonald (2001) explained these persistent gender differences as possibly reflecting the greater willingness of girls to report anxiety symptoms. For Switzerland, the Pisa study (Organisation for Economic Co-operation and Development [OECD], 2017) showed that, although the proportions were still lower than the average across OECD countries, gender differences were significant with 57% of girls reporting worry about having difficulty taking a test and 41% reporting feeling anxious despite being well prepared (vs. 39 and 26% of boys, respectively). Associations with age are more difficult to establish, with some studies reporting no significant association (e.g., Mascret et al., 2021) while others show that middle school students would be more likely to have high levels of test anxiety (e.g., Lowe, 2021).

A reliable measure is needed to assess the impact of test anxiety and to develop appropriate interventions by targeting relevant components. For example, Spielberger and Vagg (1995) questioned the pertinence of including irrelevant thoughts as a full-fledged component of test anxiety, pointing out that: “Task-irrelevant thoughts that are unrelated to worry about test performance or consequences, like poor study habits and negative attitudes toward teachers and courses, would seem to be more meaningfully conceptualized as a correlate of test anxiety rather than a component” (p. 10). Thus, the main objective of this study is to analyze the psychometric properties of the French version of the RTA scale including the regulatory component of anxiety (FRTA + R; Mascret et al., 2021) in a sample of Swiss secondary school students. Another aim is to test the factorial invariance of the scale across gender and grade levels in order to compare latent means. Latent mean comparison analysis is more powerful and outperforms traditional techniques of comparison by providing more accurate results and less biased mean estimations (Chen et al., 2019; Kouvava et al., 2022). Grade level was preferred to age since Mascret et al. (2021) had found no significant results for the predictive role of age in a large sample of French students. Finally, since adequate cut-off scores do not exist (McDonald, 2001), a further aim is to identify student profiles based on FRTA + R components using a person-centered approach, in order to determine whether the three levels of test anxiety frequently reported (i.e., low, medium, high) can be replicated.



2. Materials and methods


2.1. Research design and study procedure

This study was conducted in accordance with the Code of Research Ethics for the Universities of Teacher Education (Conference of Directors of Universities for Teacher Education [CDHEP], 2002) and the International Ethical Guidelines for Health Research Involving Humans (Council for international organization of medical science [CIOMS], 2016). The data were collected in a way that preserves the anonymity of the participants. The parents of each student received an information letter explaining the general objectives of the study (namely, to explore students’ feelings about test situations), the identity of the supervisor, the institution involved and a contact address in order to respect the duty to inform. They could refuse their child’s participation in the data collection, and each student could also decline to complete the study given that participation was voluntary. Under these conditions, no refusals were recorded.

Data were collected from secondary school students (nine to eleven graders) in a French-speaking canton of Switzerland during the 2021 to 2022 school years. In Switzerland, grades nine to eleven correspond to cycle 3 of compulsory education, which ends with the school certificate. Cycle 3 consists of two divisions: the general division (VG) for students intending to pursue a trade or vocation (i.e., vocational training, general and commercial school, or vocational baccalaureate school) and the pre-matura division (VP) for students who aspire to an academic career. For this study, the target population included only students in the pre-matura division (VP). Data collection was conducted in each classroom under the supervision of Master students, and participants completed the questionnaire anonymously in approximately 10 min.



2.2. Participants

The FRTA + R were administered to 259 students aged between 11 and 16 years old (Mage = 13.51, SD = 1.05), including 133 girls (51%; Mage = 13.39, SD = 1.06) and 124 boys (48%; Mage = 13.62, SD = 1.04) as two participants did not report their gender. Of these students, 101 were in 9th grade (39% of the total sample, 42% of boys), 81 in 10th grade (31% of the total sample, 33% of girls) and 77 in 11th grade (30% of the total sample, 31% of girls).

Although Little’s Missing Completely at Random (MCAR; Little, 1988) test was not significant (χ2 = 320.95, df = 283, p = 0.060), multiple imputation was performed for 26 missing data on FRTA + R items to avoid data loss and not bias the estimates.



2.3. Measure


2.3.1. Test anxiety and regulatory dimension of anxiety

After providing their age, gender, and grade level, participants were asked to complete the FRTA + R (Mascret et al., 2021). This self-report questionnaire is composed of 18 items divided into five factors: (1) Worry (3 items; e.g., item 2 “I seem to defeat myself while taking important tests”); (2) Test-irrelevant thinking (3 items; e.g., item 12 “During tests I find I am distracted by thoughts of upcoming events”); (3) Bodily symptoms (3 items; e.g., item 14 “I sometimes find myself trembling before or during tests”); (4) Tension (4 items; e.g., item 11 “I am anxious about tests”); and (5) Perceived control (5 items; e.g., item 10 “During tests I believe that I have the resources to receive a good grade”). Each item is rated on a 4-point Likert scale ranging from almost never (1) to almost always (4). For the factors related to the negative components of test anxiety (i.e., Worry, Test-irrelevant thinking, Bodily symptoms, and Tension), the higher the score, the more the respondent exhibits the symptoms described. For the factor related to the positive component of test anxiety (i.e., Perceived control), the higher the score, the more the respondent has the ability to mobilize resources to deal with test situations despite the anxiety felt. In their study, Mascret et al. (2021) reported mostly satisfactory internal consistency values (Cronbach’s alpha between 0.70 and 0.87 and McDonald’s Omega between 0.68 and 0.87), as well as reliability values (average variance extracted between 0.41 and 0.56 and composite reliability between 0.67 and 0.87) according to the thresholds used. The lowest values were systematically found for the Worry factor, and the highest values for the test-irrelevant thinking factor.




2.4. Statistical analysis

First, we performed descriptive statistics (for each item and for each factor of the original model) by reporting means (M) and standard deviations (SD), as well as skewness and kurtosis values. Data can be considered to be normal if skewness values are between −2.00 to 2.00 and kurtosis values are between–7.00 to 7.00 (Byrne, 2010; Hair et al., 2010).

Second, we conducted confirmatory factor analyses (CFAs) with maximum likelihood estimation to compare the original five-factor model (M1) with other models: a three-factor model where the three latent factors represented the cognitive (i.e., Worry and Test-irrelevant thinking), physiological (i.e., Bodily symptoms and Tension) and positive (i.e., Perceived control) dimensions of test anxiety (M2); a two-factor model where the two latent factors represented the negative (i.e., Worry, Test-irrelevant thinking, Bodily symptoms and Tension) and positive (i.e., Perceived control) dimensions of test anxiety (M3); and a one-factor model where all items loaded on a single latent factor referring to the construct of test anxiety (M4). The following criteria were used as cutoffs to assess model fit to the data: the ratio of chi-square to its degree of freedom (χ2/df ≤ 3.00; Carmines and McIver, 1981); the Comparative Fit Index (CFI ≥ 0.90; Tucker and Lewis, 1973; Bentler, 1990); the Tucker–Lewis Index (TLI ≥ 0.80; Hu and Bentler, 1999; Schumaker and Lomax, 2004); the incremental fit index (IFI ≥ 0.95; Byrne, 2010); the Root Mean Square Error of Approximation and the Standardized Root Mean Square Residual (RMSEA ≤ 0.06 and SRMR ≤ 0.08; Hu and Bentler, 1999); and the Akaike Information Criterion (AIC with the lowest value indicating the model that best fits the data; Akaike, 1987). The Expected Cross Validation Index was also used to assess the models’ replication potential (ECVI with the smallest value indicating the largest potential; Byrne, 2010).

Third, the reliability and discriminant validity of the scale were explored using procedures described by Teo et al. (2009), but specific thresholds were adjusted. We examined item reliability by ensuring that factor loadings for each item were above 0.50. We also used the composite reliability (CR) and average variance extracted (AVE) indices, computing the average standardized factor loading and corresponding standard deviation for each factor to follow the recommendations made by Valentini and Damasio (2016). These authors demonstrate that AVE is highly sensitive to models with high factor loadings and high factor loadings heterogeneity (i.e., high standard deviation of average factor loadings), while CR is sensitive to models with more than 10 items. The commonly accepted thresholds for CR (i.e., ≥0.70) and AVE (i.e., ≥0.50) were therefore adjusted accordingly, and analyzed in conjunction with the standard error of measurement (SEM < SD/2; e.g., Kouvava et al., 2022). Cronbach’s alpha and McDonald’s omega coefficients, as well as correlations between the FRTA + R factors were also observed. Discriminant validity, in turn, was examined using the square root of the AVE for each factor, which must be higher than the correlations between that factor and other factors.

Fourth, multi-group CFAs were conducted according to three steps (Byrne, 2010; Comşa, 2010) to assess measurement invariance across gender and grade levels (9th vs. 10th vs. 11th) for the model retained. In step 1, we tested the configural invariance model by estimating the overall model fit across groups, in line with the thresholds previously defined for CFI and RMSEA. In step 2, we tested the metric invariance model where factor loadings were constrained to be equal across groups. In step 3, we tested the scalar invariance model where factor loadings and intercepts were constrained to be equal across groups. Chi2 difference test (∆χ2 nonsignificant; Cheung and Rensvold, 2002; Byrne, 2010) and changes in CFI (∆CFI ≤ 0.01; Cheung and Rensvold, 2002) and RMSEA (∆RMSEA ≤ 0.015; Chen, 2007) were used to estimate the fit of the metric and scalar invariance models. Because residual invariance is not a required condition for latent mean comparisons as residuals are not part of the latent factor (Vandenberg and Lance, 2000; Putnick and Bornstein, 2016), this model was not tested.

Then, we compared latent means by gender and grade levels with the scalar invariance model serving as a baseline model (Chen et al., 2019). To compare latent means between gender, the girls’ group’s latent mean was constrained to 0 (i.e., reference group) while the boys’ group’s latent mean was freely estimated (i.e., comparison group). To compare latent means between the three grade levels, we proceeded as follows: the latent mean of the 11th group was first constrained to 0 (i.e., reference group 1) while the latent mean of the other two groups was freely estimated, allowing latent mean comparisons between 11th and 9th and between 11th and 10th; then the latent mean of the 10th group was constrained to 0 (i.e., reference group 2) with the latent mean of the other two groups freely estimated, allowing latent mean comparison between 10th and 9th. The critical ratio (CR) value was used to assess differences in latent means (CR > 1.96 indicating statistically significant differences): a positive CR value indicating a higher latent mean for the comparison group and a negative CR value indicating a lower latent mean for the comparison group (Chen et al., 2019).

Finally, as our sample was too small to conduct latent profile analyses which generally require a minimum of 300 to 500 participants (e.g., Nylund-Gibson and Choi, 2018), we decided to perform cluster analyses. A hierarchical cluster analysis was conducted (Ward’s method with squared Euclidean distance) based on the standardized scores (z-scores) in order to confirm the discriminating power of the FRTA + R and to identify student profiles with low, medium, or high test-anxiety levels. The agglomeration schedule as well as the dendrogram were used to identify the number of clusters, and the K-means classification was performed to assign individuals to one of the identified clusters for each solution. Then, discriminant analyses were run using the classification variables as predictors of cluster solution membership by reporting Wilks’ Lambda values (λ ≤ 0.90, with the lower value indicating high discriminative power). Knowing that there is no cut-off score for FRTA + R, the identified profiles remain specific to our sample.




3. Results


3.1. Descriptive statistics

Table 1 provides descriptive statistics for each factor and item of the FRTA + R. The mean factor scores are above 2.00 indicating overall positive responses, except for the bodily symptoms factor. Although the standard deviations ranged from 0.73 to 1.15 (suggesting some dispersion of item scores), the normality assumption does not appear to be severely violated since Skewness and Kurtosis values are mostly below the thresholds previously defined.



TABLE 1 Means (M), standard deviations (SD), skewness and kurtosis of factors and items (N = 259).
[image: Table1]

Only item 17 (e.g., “I have difficulty breathing while taking a test”) shows a Skewness value above 2.00. This item (included in the Bodily symptoms factor) also shows the lowest mean and factor loadings. Following Teo et al. (2009), if we refer to the guidelines of severe non-normality defined by Kline (2005); i.e., (Skewness > 3.00 and Kurtosis > 10.00), the data can be considered fairly normal and maximum likelihood estimation procedures can be used for further analyses.



3.2. Comparison with alternative models

Based on previous findings, we defined an alternative model (M1’) in addition to the four other models tested (M1 to M4). The model M1’ was identical to the original five-factor model (M1), except that it excluded item 17 from the analysis. Models were then estimated and compared.

CFA results presented in Table 2 clearly show a poor fit to our data for models M2, M3, and M4, whereas models M1 and M1’ were nearly equivalent. A chi-square difference test (Brown, 2006, p. 164; Byrne, 2010) was therefore performed to compare these two models. The result indicated that both models fit statistically equally well (χ2diff(16) = 22.51; p = 0.127). Although model M1’ showed the lowest AIC and ECVI values, we decided to retain the original five-factor model for further analysis.



TABLE 2 Fit indices for the different models tested.
[image: Table2]



3.3. Reliability and discriminant validity

Regarding the reliability of the FRTA + R, we can first note that the standardized factor loadings for all items were above 0.50 and that the average standardized factor loading for all factors was above 0.70 (Table 1). Since no factor includes more than 10 items, the threshold for CR was maintained at 0.70 with values ranging from 0.76 to 0.92 (Table 3), and the corresponding SEM values were all below the defined threshold. Concerning AVE, the average standardized factor loadings and their respective standard deviations were used to define thresholds for each factor (Table 3). Thus, AVE is acceptable for four of the five factors, with test-irrelevant thinking showing an AVE value below the adjusted threshold. Taken together, these results demonstrate reliability at item and construct level, except for the test-irrelevant thinking factor, which shows relatively heterogeneous loadings (SD > 0.20). Cronbach’s alpha and McDonald’s omega values also indicated a satisfactory level of internal consistency for all factors (Table 3).



TABLE 3 Correlations and indices of reliability and discriminant validity for model M1.
[image: Table3]

As shown in Table 3, perceived control was negatively correlated with the other four factors of test anxiety. The lowest correlations were found between test-irrelevant thinking and two other factors (i.e., Worry and Perceived control) while the highest were found between bodily symptoms and tension which both represent the affective-physiological component of test anxiety. Moreover, test-irrelevant thinking was not significantly correlated with these two factors.

Regarding the discriminant validity of the FRTA + R, AVE square root values indicated that each factor shared more variance with its own items than with the other factors (see bolded values in Table 3), albeit somewhat limiting for bodily symptoms in relation to tension.



3.4. Multi-group analyses of invariance

Table 4 shows results of multi-group invariance analyses by gender and grade levels. These results suggested that the data was relatively well fitted. Despite slightly larger RMSEA values for girls as well as for 10th and 11th graders (i.e., 0.066, 0.077, and 0.063; respectively), goodness of fit indices supported configural invariance.



TABLE 4 Fit indices for measurement invariance (i.e., configural, metric, and scalar) tests across gender and grade levels for model M1.
[image: Table4]

Following confirmation of equal form across groups, metric invariance was tested. These additional constraints increased the chi-square values (gaining 13 degrees of freedom for the gender comparison and 26 for the grade levels comparison) without showing significant differences in χ2, CFI, and RMSEA and thus supporting metric invariance by gender and grade levels.

Finally, adding additional constraints to test scalar invariance also showed an increase in chi-square values with no significant change in χ2, CFI, and RMSEA between models. Thus, the fit indices also support scalar invariance by gender and grade levels, allowing us to perform latent mean comparison analyses between groups.



3.5. Latent mean differences

Findings of the latent mean comparisons between gender showed that boys scored significantly lower on Worry (CR = −4.60, p < 0.001; Cohen’s d = 0.58), Bodily symptoms (CR = −5.09, p < 0.001; Cohen’s d = 1.30) and Tension (CR = −6.06, p < 0.001; Cohen’s d = 0.78), and higher on Perceived control (CR = 6.63, p < 0.001; Cohen’s d = 0.86). No difference was found for test-irrelevant thinking (CR = 0.43, p = 0.667).

Results of the latent mean comparisons among grade levels first indicated that 9th graders scored significantly higher on Worry compared to 11th (CR = 2.85, p < 0.01; Cohens d = 0.42) and 10th (CR = 2.08, p < 0.05; Cohen’s d = 0.35) graders. The same results applied to Bodily symptoms (CR = 2.41, p < 0.05, Cohen’s d = 0.35 and CR = 2.21, p < 0.05, Cohen’s d = 0.29; respectively) and Tension (CR = 2.60, p < 0.01, Cohen’s d = 0.40 and CR = 2.16, p < 0.05, Cohen’s d = 0.30; respectively). There was no difference between the 9th graders and the other two groups in test-irrelevant thinking (CR = −1.26, p = 0.209 and CR = 0.22, p = 0.823; respectively) and perceived control (CR = −1.12, p = 0.264 and CR = −0.97, p = 0.335; respectively). In addition, no significant differences were found between 11th and 10th graders, as all CR values were above the threshold of 1.96. The means and standard deviations for each group are presented in Table 5 for reference.



TABLE 5 Means (M) and standard deviations (SD) according to gender and grade levels.
[image: Table5]



3.6. Cluster analysis

A first cluster analysis was performed including the five dimensions of the FRTA + R as classificatory variables. While a 3-cluster solution appeared most appropriate, it explained only 29.22% of the variance in test-irrelevant thinking (vs. between 41.63 and 62.04% for the four other dimensions). One group consisted exclusively of individuals with high levels of test-irrelevant thinking, the other four dimensions showing moderate levels. In addition, this variable had low discriminative power compared to the others (i.e., λ = 0.86 vs. λ ≤ 0.63). Due to the lack of significant differences in latent means for this dimension across both gender and grade levels, it was removed from the analysis.

A second analysis was therefore performed with Worry, Bodily symptoms, Tension, and Perceived control entered as classificatory variables. Based on the dendrogram, a 3-cluster solution was identified, confirmed by the agglomeration schedule which showed a sudden increase in linkage distance when three clusters were merged to two clusters (from 435.36 to 573.61). This suggests that the passage from three to two clusters would have more impact on the heterogeneity of the clusters than previous steps of the analysis. Results of the discriminant analysis showed a distinction between the three clusters (Wilks’ λ = 0.11, p < 0.001) with 98% of the participants correctly classified. The highest discriminant power was reported for Bodily symptoms (λ = 0.28), followed by Worry and Tension (λ = 0.37 and 0.38, respectively) and finally Perceived control (λ = 0.58). This 3-cluster solution explained 56.50% of the variance in Perceived control, 57.53% of the variance in Worry, 57.90% of the variance in Bodily symptoms and 60.13% of the variance in Tension. Means (z-scores) of each profile are presented in Figure 1.

[image: Figure 1]

FIGURE 1
 Mean (z-scores) of FRTA + R factors according to the three-cluster solution. Cluster 1, medium levels of test anxiety; Cluster 2, high levels of test anxiety; Cluster 3, low levels of test anxiety.


The first cluster (37% of the total sample; girls = 60%) had moderate levels on all dimensions with Worry and Tension means above the sample means by less than half standard deviation (SD) and with bodily symptoms and perceived control means below the sample means by less than half SD. The second group (22% of total sample; girls = 72%) reported high levels on all three negative dimensions of test anxiety (with means above the sample means by more than one SD) and low levels of perceived control (with a mean below the sample mean by more than half SD). The third group (41% of the total sample; boys = 66%) had high levels of perceived control (with a mean above the sample mean by more than half SD) and low levels on the other three dimensions (with means below the sample mean by more than half SD).

When considering the total sample of the study, girls seem to be overrepresented in cluster 2 (high test anxiety: 16% vs. only 6% of boys) while boys seem to be overrepresented in cluster 3 (low test anxiety: 27% vs. 14% of girls). Although girls are more present in cluster 1 (medium test anxiety: 22% vs. 15% of boys), the discrepancy appears to be relatively less pronounced. Concerning grade levels, the distribution is homogeneous within the different clusters, knowing that 9th graders are more numerically present in the total sample (i.e., 9th, 10th, and 11th graders respectively: cluster 1 = 14% vs. 11% vs. 12%; cluster 2 = 12% vs. 6% vs. 5%; cluster 3 = 14% for all grades).




4. Discussion

This study had several objectives, which will be discussed consecutively. The first objective was to explore the psychometric properties of the FRTA + R for assessing test anxiety based on self-reported experiences of Swiss secondary school students. In a second step, the factorial invariance of the scale across gender and grade levels was tested. With regard to construct validity, CFA results confirmed the multidimensional structure of the FRTA + R, in line with the original five-factor model (M1) defined by Mascret et al. (2021). The unidimensional model (i.e., M4) as well as models grouping items according to the three components (i.e., M2: cognitive, affective-physiological and regulatory) or to positive/negative dimensions (M3) of test anxiety yielded poor to mediocre fit indices. Even though item 17 of the Bodily symptoms factor had the highest positive Skewness value (indicating a right-skewed distribution), the factor loading was above the predefined threshold of 0.50, and removing this item did not significantly improve the model. As item 17 refers to an important and potentially incapacitating physiological manifestation (i.e., difficulty breathing), it may be less frequent and therefore less reported by students. The analyses also provided overall evidence of the scale’s reliability and discriminant validity, with bodily symptoms and tension strongly correlated with each other in our sample compared to the findings in the French study [i.e., 0.71 for the present study vs. 0.52 in the study conducted by Mascret et al. (2021)]. These two dimensions belonging to the affective-physiological component vary conjointly. However, it seems that bodily symptoms associated with test anxiety are consistently less frequently reported by students than feelings of tension, regardless of the group observed (e.g., according to gender or grade level; see Table 5). Although these dimensions are different, it could be that physiological manifestations (i.e., Bodily symptoms) occur simultaneously with emotional responses (i.e., related to Tension), and that the latter are more strongly perceived and therefore more easily reported. Therefore, it appears appropriate to consider these two dimensions separately, since the model combining them was unsatisfactory and some studies have shown differences in their associations with other variables of interest, such as academic self-concept (ASC) or test-taking skills (e.g., Putwain et al., 2010).

Another question, previously addressed, concerns the adequacy of the factor test-irrelevant thinking. Indeed, analyses have revealed a problem of reliability, suggesting lack of precision and stability. In addition, the significant correlation between this factor and Worry was weak and its discriminant value appeared to be low, resulting in our decision to remove it from cluster analyses. Contradictory results have already been reported, with some studies finding moderate (e.g., Putwain et al., 2010) or non-significant (e.g., Mascret et al., 2021) associations between these two dimensions of the cognitive component. Some authors have underlined the need to measure test-irrelevant thinking experienced as a source of distraction or cognitive interference (Schillinger et al., 2021), which should be inhibited in order to re-direct attention to the task at hand. However, Schillinger et al. (2021) indicate that the effect of worry would be negligible when the effect of interference by test-irrelevant thinking is controlled for. It might be that the majority of FRTA + R items relating to test-irrelevant thinking (e.g., item 9 “I think about current events during a test”) fail to capture cognitive interference, which would be more present in the Worry dimension (e.g., item 3 “During tests I find myself thinking about the consequences of failing”). Moreover, despite a relatively high frequency in our sample, test-irrelevant thinking may be more similar to “mind-wandering,” describing spontaneous thought that is less deliberately constrained than goal-directed thought and should be differentiated from ruminations, for example (Christoff et al., 2016). Interestingly, no latent mean differences were found for this factor, either according to gender or grade levels. Christoff et al. (2016) explain that mind-wandering must be distinguished from thoughts marked by a high degree of automatic constraints that operate outside cognitive control and therefore make thought excessively constraining.

Multi-group invariance analysis results confirmed that the five-factor model demonstrated adequate configural, metric, and scalar invariance across gender and grade levels, allowing effective group comparisons to be run using each dimension separately. Regarding gender differences, results of latent mean comparisons are in line with those reported in previous studies generally showing that girls reported higher levels of test anxiety with larger differences for the affective-physiological component and particularly for Tension (e.g., Putwain, 2007; Putwain and Daly, 2014; Mascret et al., 2021). However, our results showed that the effect is very strong for Bodily Symptoms compared to Tension and Worry. This may be due to a greater propensity for girls to report symptoms of anxiety (McDonald, 2001) or other negative emotions (Frenzel et al., 2007), but could also be related to perceived competence and stereotype threat (see Putwain and Daly, 2014, pp. 558–560). It is also interesting to note that, like the findings of Mascret et al. (2021), girls in our sample showed a lower level of perceived control compared to boys. Unfortunately, we lack evidence to explain this difference: it might, however, be related to the gender differences in perceived academic competence commonly reported in the literature. It appears that the concept of perceived control is close to those of academic self-efficacy and lack of confidence. Academic self-efficacy can be defined as perceived confidence or belief in one’s ability to succeed on specific academic tasks at given levels (Bong and Skaalvik, 2003), while lack of confidence is sometimes included in measures of test anxiety and corresponds to low confidence in one’s ability to perform well on a test (Raufelder and Ringeisen, 2016; Schillinger et al., 2021). According to Schillinger et al. (2021), lack of confidence could reduce the perseverance of test-anxious students, who would give up more easily when faced with difficulties. Moreover, Raufelder and Ringeisen (2016) reported a fairly strong negative correlation between lack of confidence and academic self-efficacy. Some authors (Putwain and Aveyard, 2018; Putwain and Pescod, 2018) also discuss the effects of a lack of perceived control, namely uncertain control. According to Putwain and Pescod (2018), uncertain control corresponds to a self-belief involved in evaluating test situations as representing a threat, particularly characterized by a lack of confidence in one’s abilities and an anticipation of failure. As the definitions reviewed are quite similar, there is a need for further clarification concerning perceived control dimension of test anxiety, which could possibly be considered as an antecedent of test anxiety (Spielberger and Vagg, 1995; Putwain and Aveyard, 2018; Putwain and Pescod, 2018) also related to the perception of competence which includes both academic self-concept and academic self-efficacy (Bong and Skaalvik, 2003). Nevertheless, we can observe that all these studies consider the concept of perceived control from a negative perspective (i.e., lack of confidence, uncertain control). By contrast, Bertrams et al. (2016) highlighted that students with a high self-control capacity would experience fewer symptoms of mathematics test anxiety. According to these authors, attentional self-control (which is a form of self-control) would help to cope with distracting thoughts and worries in order to focus on the task at hand. Their findings, based on a sample of German secondary school students, suggest that improving self-control could reduce anxiety-impaired cognition during test situations, while self-efficacy would have no effect. We can therefore relate this self-control capacity to the regulatory dimension of test anxiety (corresponding to feeling capable of coping and attaining goals despite the anxiety felt Mascret et al., 2021). Although the issue of perceived control as an antecedent of test anxiety needs to be clarified, the major interest of the FRTA + R scale is that it addresses this concept as a positive dimension that helps counteract the adverse effects of test anxiety. Furthermore, this dimension discriminates well between different profiles of test-anxious students, and can therefore be screened to benefit from targeted interventions aimed at improving and consolidating it.

With regard to grade levels, we might have expected higher levels of test anxiety in 11th graders, given that levels would increase with age (McDonald, 2001) and that high levels had already been observed in middle school students compared to high school students (Lowe, 2021). This final year of compulsory schooling is also marked by obtaining the school certificate, which is awarded based on the average marks obtained at the end of the year. As the school certificate in the pre-matura division gives access to all streams of post-compulsory education, it can be a decisive year for some students. Nevertheless, our results indicated that the highest levels of anxiety, tension and bodily symptoms were found among 9th graders. Given that transition from primary to secondary school has been described as a sensitive period (e.g., Bélanger and Marcotte, 2013; Richard and Marcotte, 2013), it seems necessary to specifically focus on this grade level in order to identify factors that can reduce symptoms related to test anxiety. Although the possibility of being reoriented to the general division is present in both 9th and 10th grades and can be a stressful factor for students, we did not take into account, for example, the number of students who are repeating a year or who have learning difficulties within each grade. It is therefore possible that some factors (internal to both students and schools) may have influenced the results obtained. Another interesting finding was the absence of any significant difference in Perceived control across grade levels, indicating that this type of self-belief is not necessarily related to the stakes of the grade concerned. Further studies are thus needed to explore not only the stability of perceived control levels through longitudinal data, but also its association with other variables related to the perception of academic competence (such as self-concept and self-efficacy). As perceived control is linked to the belief of having the resources to cope with test situations and to receive a good grade, it also seems important to consider test performance.

A third and final objective was to identify student profiles based on test anxiety levels, using a person-centered approach. This approach is interesting because it allows to determine whether subgroups of similar individuals exist within a given population in order to classify them into unique profiles on the basis of a selected set of variables (Howard and Hoffman, 2018), and to observe how these variables cluster identically or differently. The person-centered approach overcomes the assumption of a homogeneous population and provides more information on the relationship between symptoms. In this way, a preferred 3-cluster solution was identified, corresponding to the three levels of test anxiety previously found in past studies (e.g., Chapell et al., 2005; Thomas et al., 2018; Lowe, 2021). Our results suggest that 22% of the sample would experience high levels of test anxiety, which is consistent with the rates reported by other studies. For example, Thomas et al. (2018) jointly used latent class and cluster analyses and yielded similar preferred 3-cluster solutions, with rates of undergraduate students reporting high levels of test anxiety ranging from 25% (latent class analysis) to 22% (cluster analysis). In addition, our findings support those of the latent mean comparisons, since girls were over-represented in clusters 1 (medium) and 2 (high) while boys were over-represented in cluster 3 (low), showing the persistence of gender differences in test anxiety and the specific sensitivity of the female population. Distinctions were less marked for grade levels, although 9th graders were more likely to be included in cluster 2, which was also consistent with results from latent mean comparison analyses.


4.1. Limitations of the study

One of the major limitations of the present study lies in focusing on students’ self-reported experiences, since there is no cut-off score for identifying high levels of test anxiety (McDonald, 2001; Putwain and Daly, 2014) and it was hardly conceivable to use an experimental method for inducing test anxiety in school settings. Thus, the rate of students with high levels of test anxiety (i.e., 22.00%) may be overestimated. Although some studies have found high levels of test anxiety in approximately 16 to 18.50% of students (e.g., Chapell et al., 2005; Putwain and Daly, 2014; Lowe, 2021), the proportion found in this study is similar to those reported by Thomas et al. (2018) using cluster analyses in undergraduate students. This finding is a cause for concern given that test anxiety is currently not sufficiently considered in Switzerland as a factor impacting school achievement. Yet it is generally accepted that “highly test anxious students tend to perform worse than their low test anxious counterparts, irrespective of their ability level” (Putwain and Daly, 2014, p. 565). Another limitation concerns the exclusion of the factor test-irrelevant thinking from cluster analyses. This decision was taken not only in response to the inconclusive results of the first cluster analysis, but also because this factor remains the least associated with the other three negative dimensions of test anxiety. These results therefore raise questions about the appropriateness of including a factor that is supposed to reflect test-irrelevant thinking without including its distracting or interfering actions (Schillinger et al., 2021). Other limitations include not considering students’ performance on one or more tests, or restricting the sample to students in the pre-matura division without considering those in the general division. Consequently, our results cannot be considered in a specific context, such as a subject-specific test of particular importance to the student (e.g., related to mathematics test anxiety), and refer to more general/global test situations. Indeed, authors have discussed the fact that test anxiety levels can vary according to the value or stakes accorded to the test. A high-stakes test for the student’s schooling may result in an appraisal of the test situation as a threat and increase anxiety (Putwain and Daly, 2014), whereas a generally test anxious student may not be highly disturbed during a low-stakes test (McDonald, 2001). Thus, test anxiety is a vast topic of interest potentially involving many variables which are difficult to control for in a single study.




5. Conclusion

The results of this study underline the frequency of test anxiety among secondary school students (especially girls and 9th graders), while questioning the relevance of the test-irrelevant thinking factor. Given the present findings and the associations that have been established between test anxiety and academic achievement (e.g., Spielberger et al., 2015; Putwain and Aveyard, 2018), it seems crucial that not only practitioners in schools but also policy makers address this topic. For example, if the skills acquired to cope with test situations can influence its appraisal (Spielberger and Vagg, 1995, p. 12), we might consider that improving perceived competence would reduce the anxiety felt (Putwain and Daly, 2014). According to Putwain (2008), perceived competence remains a concept closely linked to test anxiety. In particular, this author suggests that self-confidence could act as a “bridge” in the relationship between academic self-concept and test anxiety. In this regard, Raufelder and Ringeisen (2016) found strong negative correlations between lack of confidence and and the two dimensions of perceived competence namely academic self-concept and academic self-efficacy (−0.51 and −0.54, respectively vs. between 0.02 and −0.34 for the other components of test anxiety), also reporting that academic self-efficacy and lack of confidence were not significantly correlated with Worry. Further studies should explore the relationships between these variables to clarify their direct and indirect effects on the different negative dimensions of test anxiety. This would also make it possible to examine whether an improvement in control would contribute to a reduction in test anxiety symptoms. This would then be followed by the implementation of interventions aimed at developing control strategies (e.g., controlling thoughts about potential failure, postive reappraisal, test preparation strategies), such as those proposed by the STEPs intervention (i.e., Steps to Success; Putwain et al., 2014). Another interesting direction concerns the status of error in school settings. Making errors less dramatic would not only enable teachers to assist students in their understanding and correction, but would also help them to progressively conceive tests as a way of monitoring and regulating their learning, which could indirectly influence the anxiety felt in test situations. A recent study conducted in French-speaking Switzerland by Hanin et al. (2022), with a sample of 115 secondary school students, compared two types of immediate remediation proposed during test situations (i.e., the last of the two scores is taken into account vs. conservation of the best of the two scores) with no possibility of remediation, and explored links with mathematics test anxiety. Their results showed that students reported significantly less anxiety in the condition where the best score was conserved, with a difference between conditions more pronounced in girls. These authors thus emphasize that remediation approaches which recognize the right to error, and which are easy to implement, could be effective in reducing test anxiety as well as promoting mastery goals, which could lead to improved performance. This study provides insights that we consider essential to explore and test in future work on test anxiety in secondary school students. Thus, the FRTA + R scale has proven to be a valuable, globally reliable and robust instrument for screening potential at-risk students, with low levels of perceived control associated with high levels on three of the four negative test anxiety dimensions. It appears useful for identifying groups of students who could benefit from support and targeted interventions, notably because of its ease of administration and low intrusiveness.
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Footnotes

1   Average student across OECD countries.

2   For example: 48% of students agreed or strongly agreed with the statement “I often worry that it will be difficult for me taking a test” vs. 34% with the statement “Even if I am well prepared for a test I feel very anxious.”

3   Concerning the study conducted by Putwain and Daly (2014), the combined proportions of students with high and moderate levels of test anxiety yields a close rate to the PISA 2015 study for the United Kingdom (OECD, 2017), which is approximately 69%.
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