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A B S T R A C T

The present two-wave longitudinal study investigated the accuracy or bias in students’
math self-concept of ability during the transition to high school from the last year of
secondary compulsory education (10th grade). The role of students’ gender and parents’
educational level in predicting the accuracy or bias in math ability self-concepts was also
investigated. 424 Spanish students participated. The results analyzed with the person-
oriented I-States as Objects Analysis (ISOA) showed four groups of students: high-accurate,
low-accurate, optimistic, and pessimistic. Males more likely belonged to the high-accurate
or optimistic self-concept math ability group. In addition, students whose parents had a
high level of education more likely belonged to the low-accurate or pessimistic self-
concept of math ability group.

ã 2016 Elsevier Ltd. All rights reserved.

8 1. Introduction

9 Positive self-concept ofQ4 ability in different domains is awidely valued educational goal (Marsh, Trautwein, Lüdtke, Köller,
10 & Baumert, 2005) owing to its positive impact on academic learning and achievement (Eccles et al., 1997). Together with
11 actual performance in different domains, during adolescence domain-specific self-concepts play a major role in educational
12 decisions (Eccles, 2007; Pajares & Schunk, 2005; Simpkins, Davis-Kean, & Eccles, 2006; Wigfield & Eccles, 2000) and in
13 determining students’ future aspirations (Eccles, 2007; Simpkins, Davis-Kean, & Eccles, 2006; Wigfield & Eccles, 2002).
14 However, some studies have showed that positive self-concept alone is not necessarily beneficial for one’s future
15 achievement and outcomes. Instead, a realistic and accurate self-concept helps students to better understand their own skill
16 levels, making learning more meaningful (Dunning, Heath, & Suls, 2004). Likewise, accurate self-concept promotes
17 self-regulated learning which further affects achievement outcomes, goal accomplishments, and domain-related choices
18 (Fredricks & Eccles, 2002). Inaccurate beliefs about one’s abilities, in turn, easily lead students to wrong-headed academic
19 decisions and to subsequent low performance (Eccles, 2007; López-Sáez, Puertas, & Sáinz, 2011). This may further imply a
20 decrease in students’ academic motivation and career aspirations (Bong & Skaalvik, 2003; Pajares & Miller, 1994). However,
21 regardless the importance of realistic self-concept on one’s outcomes and academic/vocational choices, little is known about
22 the accuracy of or bias in students’ self-concepts of ability during the time when students are required to make future
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23 academic/vocational choices while facing the transition to secondary education. Moreover, research on the stability and
24 changes in students’ self-concept of ability during educational transitions is scarce. Consequently, the present two-wave
25 longitudinal study investigated the accuracy of and bias in students’ self-concept of math ability before and after the
26 transition to high school. In addition, the role of student- (e.g., gender) and parent-related (e.g., level of education)
27 antecedents in predicting the accuracy of, and bias in, students’ math ability self-concepts was examined.Q5

28 1.1. Self-concept of ability

29 Several terms (such as confidence, ability perceptions, and competence beliefs) have been used in the literature to make
30 reference to ability self-concepts (Wigfield & Eccles, 2000). According to the expectancy value theory of achievement
31 motivation (Wigfield & Eccles, 2002), self-concepts of ability refer to individuals’ evaluations of their competencies in
32 different domains and the feelings of self-worth that accompany competence beliefs (Pajares & Schunk, 2005). Students
33 usually base their competence evaluations on their past performance or knowledge (Cole et al., 2001; Dweck & Molden,
34 2007; Jacobs, Osgood, Eccles, & Wigfield, 2002), on comparisons between their own and other students’ capacities (Bong &
35 Skaalvik, 2003; Bouffard, Markovits, Vezeau, Boisvert, & Dumas, 1998), and on evaluative feedback from parents (Rytkönen,
36 Aunola, &Nurmi, 2007) and teachers (Upadyaya & Eccles, 2014). Variation exists in students’ ability self-concepts in different
37 domains, which together form broader academic self-concept of abilities (Elliot & Dweck, 2007).
38 Several studies have shown that changes occur in students’ ability self-concepts over the school years. At the beginning of
39 primary school children’s self-concept of ability in different domains is typically overly positive, however, when students
40 move into the higher grades their self-concept of ability in different domains begins to decrease andQ6 becomes sometimes
41 even negative (Aunola et al., 2002; Bouffard, Vezeau, Roy, & Lengelé, 2011; Jacobs et al., 2002; Wigfield et al., 1997). These
42 changes are partly normative and partly reflect the fact that students’ ability self-concepts become more realistic as they
43 grow up (Bouffard et al., 1998; Wigfield et al., 1997). Changes also occur in students’ ability self-concepts during various
44 educational transitions (Cole et al., 2001) which are typically reflected as declines in students’ self-concepts of ability (Jacobs
45 et al., 2002). According to the stage-environment fit (Eccles et al., 1993) negative changes in students’ ability self-concepts
46 reflect the poor fit between the individual (e.g., student) and context (e.g., school). Lesser personalized instruction, increased
47 ability groupings, stronger teacher authority, and lower levels of student autonomy (Eccles et al., 1993), together with
48 perceptions of increased academic pressures (Pajares & Schunk, 2005) often follow the transition to secondary education and
49 contribute to these declines in students’ ability self-concepts.
50 Previous research has also shown that self-concept of ability in different domains is typically associated with
51 performance in the same domain. Students often feel more competent in academic areas in which they achieve well
52 (Wigfield & Eccles, 2002). Academic achievement is normally measured by grades and test scores which act as indicators of
53 competence and provide both an internal (e.g., the same student thinks that he/she is better at reading than at math) and an
54 external frame of reference (e.g., social comparison) for students (Marsh & Hau, 2004). Similarly, research on reciprocal
55 effects has shown that prior self-concept predicts subsequent academic achievement (Marsh & Hau, 2005).

56 1.2. Accuracy or bias in students’ self-concept of math ability: correlates and consequences

57 Although a large number of research exists on students’ self-concept of ability in different domains, few studies have
58 examined the accuracyor bias in students’ ability self-concepts (Bouffard et al.,1998; Rytkönen et al., 2007).More concretely,
59 there is a lack of research examining the accuracy and bias in students’ ability self-concepts across the transition from
60 compulsory secondary education to non-compulsory secondary school (high school).1 The accuracy in student’s self-
61 concepts refers to the extent to which the students’ ability self-concept is realistic. That is, the extent to which students’
62 ability self-concept corresponds to their actual level of performance (Bouffard et al., 1998; Rytkönen et al., 2007; Sheldrake,
63 Mujtaba, & Reiss; 2014). Bias in students’ self-concept of ability can be positive (e.g., self-concept is higher than actual
64 performance, overestimation) or negative (e.g., self-concept is lower than actual performance, underestimation). Accurate
65 self-concept of ability can serve as a self-regulatory component, which directly affects achievement outcomes, goal
66 accomplishments, and domain-related choices (Fredricks & Eccles, 2002), whereas inaccurate self-concept of ability may
67 lead students to wrong-headed academic decisions and to subsequent low performance (Eccles, 2007; López-Sáez, Puertas,
68 & Sáinz, 2011). Previous studies have revealed that self-concept of math ability does not always reflect the students’ actual
69 grades or performance in math (Fredricks & Eccles, 2002; Frome & Eccles, 1998). For example, students with learning
70 difficulties or low performance tend to have an overly optimistic view of their abilities inmath and other domains (Dunning,
71 Heath, & Suls, 2004; Kruger & Dunning, 1999).
72 Other empirical research suggests that the more realistic ability self-concepts students hold in different domains, the

1 In the current Spanish educational system, secondary school consists of two academic stages: compulsory and post compulsory. The compulsory one
comprises grades from 7 to 10. The post compulsory stage is divided into high school and higher vocational training. High school (Bachillerato) targets
university bound students and includes grades 11 and 12, where students have already chosen 1 out of the 3 academic tracks: science and technology;
humanities and social sciences; and arts. The higher vocational training track also covers 2 years and, once completed, students can either enter the labor
market or continue university studies.
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7374757677787980 more realistic and adaptive study-related choices they will make in the future (Baumeister, Campbell, Krueger, & Vohs,
81 2003). Nevertheless, despite the importance of realistic ability self-concepts, aspirations, and career choices, literature
82 examining the accuracy or bias in students’ domain-specific self-concepts has not reached a consensus about what happens
83 when academic self-evaluations are positively or negatively biased rather than based on true competence (Bouffard &
84 Narciss, 2011). A positive evaluation bias (overestimation) is adaptive because it promotes motivation, persistence, self
85 regulation, and achievement (Bouffard & Narciss, 2011; Bouffard et al., 1998). Moreover, positively biased unrealistic self-
86 concepts may have both benefits and costs on learning, academic performance and job performance, whereas negatively
87 biased ability self-concepts are typically described as maladaptive on learning and achievement (Butler, 2011). In the same
88 fashion, the benefits of accuracy evaluations are called into question, when compared to positively biased self-concepts
89 (Gonida & Leondari, 2011; Bouffard et al., 2011; Narciss, Koerndle, & Dresel, 2011). However, only few studies have examined
90 the accuracy or bias in students’ ability self-concepts (Bouffard et al., 1998; Rytkönen et al., 2007). Consequently, the present
91 study aimed at examining the accuracy or bias in students’math ability self-concepts across the transition from compulsory
92 secondary education to high school.

93 1.3. Developmental influences on accuracy or bias in students’ self-concept of math ability

94 Developmental changes may also occur in the accuracy or bias in students’ ability self-concepts. As the students grow
95 older, due to cognitive development and maturity, increased achievement-related experiences, and better understanding of
96 evaluative feedback students’ self-concepts of ability becomemore realistic (Aunola et al., 2002; Bouffard et al., 1998; Jacobs
97 et al., 2002; Wigfield & Eccles, 2002). In addition, at the inter-individual level self-concept of ability becomes increasingly
98 accurate and stable within the course of development (Marsh, 1990). Students therefore becomemore accurate in their self-
99 evaluations due to their growing experience in achievement-related situations (Jacobs et al., 2002;Wigfield & Eccles, 2002).

100 However, at the individual level studies grounded in social psychology have suggested that self-evaluations such as self-
101 concept of ability are flexible and driven by individual motives (i.e., Elliot & Mapes, 2005; Festinger, 1954), given that
102 students want to have an accurate evaluation of the self (self-assessment) or protect the self from negative evaluations (self-
103 enhancement). These individual motives lead students to a selective processing of available information (e.g., performance
104 related to others, evaluative feedback), and allow them to construct accurate or enhanced ability self-concepts (Gniewosz,
105 Eccles, & Novack, 2011).
106 Another factor influencing the stability and change in students’ ability self-concepts, and the accuracy or bias in them, are
107 various educational transitions. Previous research has shown that change is more typical than stability in students’ self-
108 concept of ability during secondary school transition (Cole et al., 2001). Moreover, following the transition periods, grades
109 lose their predictive power for the construction of self-concept of ability in different domains and students may look for
110 other sources of information rather than grades (i.e., parental or teachers’ appraisals) to construct their ability self-concepts
111 (Gniewosz et al., 2011). Students’ accuracy may therefore suffer from a decline because the sources of information for the
112 formation of self-competence beliefs after the transition (i.e., high school) are different from the ones that used to be valid
113 before the transition (i.e., compulsory secondary education). The educational system is also more competitive, and peer
114 comparison shapes students’ academic perceptions and choices (Guimond & Roussel, 2001). However, there is a gap in
115 research investigating the accuracy or bias in students’ math ability self-concepts across the transition from compulsory
116 secondary education to high school. Consequently, the present study aimed at investigating this.

117 1.4. Antecedents of students’ self-concept of ability

118 Several antecedents can be found for students’ self-concept of ability. One of the main antecedents is student’s gender
119 which plays a major role in the way students perceive their own competencies in different subject areas. Preceding research
120 has shown that male students usually report high self-concept of math ability, whereas female students often experience
121 low self-concepts ofmath ability (Watt, 2010). This pattern has been observed as early as first grade and it continues through
122 middle-school (Fredricks & Eccles, 2002; Jacobs et al., 2002) and high school (Bleeker & Jacobs,1993; Dupeyrat, Escribe, Huet,
123 & Régner, 2011; Gonida & Leondari, 2011; Jacobs et al., 2002). However, associations between self-concept ofmath ability and
124 math performance are stronger for females than for males, suggesting that female students are more accurate when
125 assessing their abilities (see also Gonida & Leondari, 2011;Watt, 2010). Interestingly, research conducted in the U.S. suggests
126 that unrealistic, inflated self-concept of math ability favors male students’ academic achievement; whereas, the opposite is
127 true for female students (Yoon, Eccles, & Wigfield, 1996).
128 Likewise, the appraisals of significant others (such as parents, teachers, or peers) play a key role in the construction of
129 students’ self-concept of ability (Eccles et al., 1993). Students’ incorporate parents’ beliefs concerning students’ abilities into
130 their ability self-concepts in different domains (Bleeker & Jacobs, 2004; Frome & Eccles, 1998; Jacobs et al., 2002), which
131 further promotes or hinders the accuracy in students’ ability self-concepts at earlier grades (Rytkönen et al., 2007). In
132 addition, parents’ educational level (especially fathers’) positively predicts students’ self-concept of math ability, as well as
133 their scores in math achievement tests (Davis-Kean, 2005). Parents’ educational level also conditions students’ academic
134 achievement and selection of studies, in part, through its direct and indirect impact on students’ self-concepts of ability
135 (Davis-Kean, 2005; Eccles & Davis-Kean, 2005; Simpkins et al., 2006). For example, parents with higher educational
136 attainments provide their children with more intellectual stimulation opportunities (i.e., extracurricular activities or
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137 tutoring if children have difficulties at school), which may further increase children’s awareness of their actual abilities in
138 different domains, and thus promote the accuracy of their ability self-concepts. Moreover, parents with higher education
139 tend to have more confidence in their children’s academic abilities (Eccles & Davis-Kean, 2005; Rytkönen, Aunola, & Nurmi,
140 2005), which, in turn, may increase the accuracy of students' ability self-concepts (Rytkönen et al., 2007). However, there is a
141 dearth of studies associating parental educational level with the possible accuracy or bias in students’ ability self-concepts
142 during the period when various changes occur in students’ ability self-concepts and they are facing the transition from
143 compulsory secondary education to high school. Consequently, the present study aimed at investigating this neglected area
144 of research.

145 1.5. Rationale, research questions and hypotheses

146 The present study aimed at examining the following research questions:
147 1. What kinds of naturally occurring groups can be identified on the basis of the accuracy of, or bias in, students’ self-
148 concept of math ability before and after the transition from compulsory secondary education to high school?

149 Hypothesis 1. We expected to find at least three groups of students with varying levels of accuracy in their math ability
150 self-concepts: over-optimistic, accurate, and pessimistic (Gonida & Leondari, 2011; Bouffard et al., 2011; Dupeyrat et al.,
151 2011; Narciss et al., 2011).

152 2. What kinds of changes occur in the accuracy or bias in the student’s math ability self-concepts over the transition to
153 high-school?

154 Hypothesis 2. Since changes in students’ ability self-concepts are more common than stability during the transition to
155 high school (Cole et al., 2001), it was expected that changes would occur instudents’ self-concept of math ability
156 groupings across the two time points.

157 3. Are there any gender differences between the groups?

158 Hypothesis 3. It was expected that boysmore often than girls would overestimate theirmath abilities, whereas girlsmore
159 often than boys would underestimate their math abilities or to evaluate them accurately (Gonida & Leondari, 2011; Yoon
160 et al., 1996; Watt, 2010).

161 4. To what extent does parental educational level predict the accuracy or bias in students’ self-concept of math ability?

162 Hypothesis 4.Given the absence of empirical research testing the relationship betweenparental educational level and the
163 degree of accuracy or bias in students’ self-concept of math ability and based on existing research looking at the influence
164 of parental educational level on their children’s ability self-concepts (Eccles & Davis-Kean, 2005; Rytkönen et al., 2005,
165 2007), we formulated this hypothesis in a exploratory way. It was therefore expected that high parental educational level
166 would increase the accuracy in students’ math ability self-concepts.

167 2. Method

168 2.1. Sample

169 The sample consisted of 424 secondary school students who were enrolled in their last year of compulsory secondary
170 education (10th grade, academic year 2009–2010) in Catalonia, Spain. The data was gathered once during the students’ last
171 year of secondary school (Time 1;mean age= 15 years; s.d. = .70) and once during their first year of high school (Time 2;mean
172 age=16 years; s.d. = .62). Time lag between measurements varied from 9 to 10 months. Approximately half of the students
173 were females (56.3%) and 68% of them belonged to intermediate socioeconomic status (i.e., students with parents holding
174 administrative and white collar positions, who had completed postcompulsory secondary education). The majority of
175 students had a Spanish background (89%), with fathers (60.5%) andmothers (59%) having completed at least postcompulsory
176 secondary education. The schools were randomly selected for the study, targeting over 30 Catalonian schools of which
177 10 agreed to participate. These schools were located in the metropolitan (57%) and in other non-metropolitan areas of
178 Barcelona (e.g., Lleida, and Tarragona). More than 90% of the targeted students were included in the final data collection
179 (900 students in Time 1 and 775 in Time 2). However, only 424 students who participated in the study both measurement
180 times (Times 1 and 2) were included in the final sample.
181 As the attrition rate reached 53% (drop-out students either chose vocational training instead of high school and left the
182 school premises or repeated course), attrition analyseswere carried out bycomparing those studentswhoparticipated in the
183 study at eachmeasurement time (N =424)with thosewho hadmissing data at somemeasurement time (N=476). The results
184 indicated that those who participated in the study at each measurement time showed higher math achievement (M=53.89,
185 S.D.=9.68) and self-concept of ability (M=52.09, S.D.=9.87) than thosewho did not participate (math achievement = 48.12, S.
186 D. =9.76; math self-concept = 46.83, S.D. = 9.26), t (895) =�11.08, p< .001; tQ7 (883) =�6.05, p< .001.
187 Interestingly, more males (28.87%) than females (23.86%) dropped out. No gender differences were observed in self-
188 concept of math ability (t (274) =�.72, p > .05) and math performance (t (466) =�1.89, p> .05) among students who only
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189 participated at Time 1. However, in the longitudinal sample females (M1=51.01, S.D. =9.46;M2=48.68, S.D.=9.44) reported
190 lower self-concept of math ability thanmales at bothmeasurement times (M1=53.48, S.D. =10.07;M2=51.86, S.D. =9.36), t1
191 (421) = 2.57, p = .01, t2Q8 (423) =3.45, p= .001. No gender differences emerged in math performance.

192 2.2. Measures

193 Self-concept of math abilitywasmeasured at Times 1 and 2 with a translated version of the Eccles and Harold (1991) scale
194 concerning students’ perceptions of their abilities in math. The scale consists of five questions measuring students’ math
195 self-concept (e.g., “In comparison to other subjects, how good are you at math?” and “How good do you think others think you are
196 at math?”). Students rated their responses on a 7-point scale ranging from 1 (low competence) to 7 (high competence). Two
197 sum scores were calculated for students' self-concept of math ability at each measurement time. Cronbach’s alpha
198 reliabilities were .80 and .81 respectively. Bartlett's test of sphericity is statistically significant x2 (10) = 2,244,670, p< .001.
199 Kaiser’s measure of sampling adequacy was 83. The Principal Component Analysis for the five items shows that this factor
200 accounts for 61.48% of the total variance (see Sáinz & Eccles, 2012).

201 2.3. Math performance

202 Students reported (at Times 1 and 2) their average final grade obtained in the last math course they took (see Sáinz &
203 Eccles, 2012). The answers ranged from 1 (failed) to 5 (excellent). The grades corresponded to the grading system that
204 students receive in Spain at the end of each trimester or at the end of the academic year. For confidentiality reasons, the
205 majority of the participant schools did not provide students’ actual grades.

206 2.4. Level of parental education

207 With a 4-point rank order scale students rated the highest educational level completed by the two parents (at Time 1).
208 The options were: (1) no studies, (2) primary school, (3) post-compulsory secondary education (e.g., high school or
209 vocational education),2 and (4) university studies. Most parents had completed post-compulsory secondary education
210 (60.5% of the fathers and 59% of the mothers), while some of them had completed university studies (33% of the fathers and
211 36.5% of the mothers). Few parents had only completed primary school (2.6% of the fathers and 3.5% of the mothers).

212 2.5. Procedure

213 The research team administered the survey on average to four classrooms per school at Time 1 and three classrooms per
214 school at Time 2, with approximately 27 students per classroom. Complete class course levelswere surveyed. The surveywas
215 distributed during classroom time in order not to interfere with daily academic life. Both the anonymity of the participants
216 and confidentiality of the data collected were guaranteed. For the follow-up throughout the two measures, students were
217 asked to fill in an identification code that protected their anonymity.

218 3. Results

219 3.1. Research question 1. Grouping according to the accuracy or bias in students’ self-concept of math ability

220 The first aim of the present study was to examine what kinds of naturally occurring groups can be identified on the basis
221 of the accuracy, or bias, in self-concept of math ability among the participating students. In order to identify the groups on
222 the basis of accuracy of students’ self-concept of math ability (R.Q.1), a person-oriented research strategy applying a cluster
223 analysis in group identification was used. Since data of students’ math self-concept from two measurements was gathered,
224 the I-States as Objects Analysis (ISOA) procedure (Bergman & El-Khouri, 1999) was used. In comparison to other analytical
225 tools, this procedure provides the possibility to identify homogenous groups according to math performance and self-
226 concept of ability, taking into account the measurement points at once, and not separately. Therefore, these groups can be
227 identified using similar categories and criteria across different time points. The standard ISOA procedure (Bergman & El-
228 Khouri,1999) was followedwhenperforming the analyses. The analysis was runwith SPSS.17 andwas carried out as follows:

1)229 Each of the criteria variables (students self-concept of math ability and math performance at the two measurement
230 points) was standardized (z scores and then adding 50 to each z value).

2)231 Since the purpose of this study was to achieve similar categories (cluster solutions) for the two time-points, longitudinal
232 data was reorganized as follows: a new file was created in which the first (Time 1) and second (Time 2) measurement of
233 each student was coded as that of a separate individual. That is, student A at Time 1 and student A at Time 2, etc., each of
234 which refers to a different I-state in the ISOA procedure (Bergman & El-Khouri, 1999).

2 Secondary education refers to the completion of either high school or vocational training.
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3)235 A clustering-by-case analysis was carried out according to the standard procedure. The “agglomeration tree”was run. The
236 number of clusterswas determined on the basis of two criteria: theoretical interpretation and the number of cases in each
237 cluster.
238 Given that the cluster solution in this particular clustering method depends on the order of cases in the file, the analyses
239 were run several times until the solution was stabilized. In this process, the final centers of each earlier solution were
240 saved and used as initial centers in the next run.

4)241 Finally, the data (cluster membership) were reorganized in such a way that the data from each student at Times 1 and
242 2 were again handled as two successive measurements of the same student. This ISOA procedure yielded a similar
243 classification (clustering solution) for each time point, and the cluster membership variables from Times 1 and 2 were
244 used for the further longitudinal analyses.

245 On the basis of this clustering-by-case analysis, four math ability self-concept groups were identified. Two of the groups
246 described accurate self-concept of math ability with differing levels of math performance: (1) High-accurate self-concept of
247 math ability group (N =168 at Time 1;with 83 females and 85males) was characterized bya high level of self-concept ofmath
248 ability and a high level of math performance and (2) Low-accurate self-concept of math ability group (N =90 at Time 1; with
249 53 females and 37males) was characterized by a low level of math ability self-concept and a low level of math performance.
250 The other two groups described inaccurate self-concept ofmath ability (e.g., the standardized values of self-concept of ability
251 and performance did not correspond to each other): (3) Optimistic self-concept of math ability group (N=76 at Time 1; with
252 38 females and 38 males) was characterized by a moderate level of self-concept of math ability and a low level of math
253 performance and (4) Pessimistic self-concept of math ability group (N=83 at Time 1; with 60 females and 23 males) was
254 characterized by a low level of math ability self-concept and amoderate level of math performance. Themeans and standard
255 deviations for the criteria variables in each group are presented in Table 1.
256 It was further found that at Time 2 therewas a decrease in the number of students belonging to the high accurate group. In
257 addition, young males were more likely than young females to belong to the optimistic rather than to the pessimistic group
258 (21.9%). Young females, in turn, were more likely than young males to belong to the pessimistic rather than the optimistic
259 group (22.6%).

260 3.2. Research question 2. Stability in students’ self-concept of math ability grouping

261 In order to examine the stability of and changes in adolescents’ self-concept of ability group memberships (R.Q2),
262 frequency tables across the two time points were analyzed, by implementing log-linear models. Log-linear models are
263 statistical tools used to analyze multi-way frequency tables that provide a basis for many kinds of testing strategies. These
264 models can be useful in testing hypotheses relating to stage-like relationships between variables. We thereby selected an
265 approach that examined the extent towhich a change pattern in the values of categorical variables at time t and time t +1was
266 typical or atypical. Thesemodels included themain effects of the grouping variables in the two successivemeasurements but
267 not their interactions. On the basis of these models, expected frequencies were calculated and compared to observed
268 frequencies. These comparisons produced standardized residuals that provided information about whethermore caseswere
269 found in each cell compared to the overall distribution of the two variables included in the analysis. The standardized
270 residuals of this independency model (interpreted as t-values) inform about stabilities and changes in group membership
271 from Time t to Time t +1, which differ from those that can be expected on the basis of variable distribution at the two time
272 points.
273 Fig. 1 shows the number of students in each group at the two time points, as well as stabilities and changes in group
274 membership between the measurements that go either above (straight line) or below (dotted line) the number of changes
275 expected by chance. The statistical significance of these changes was estimated on the basis of the standardized residuals.
276 The results showed that self-concept of math ability group memberships were relatively stable during the students’

Table 1
Means and standard deviations of standardized variables for all the groups.

Self-concept of math ability group

High-accurate (a)
(n =304)

Low-accurate (b)
(n =187)

Optimistic (c)
(n =170)

Pessimistic (d)
(n =179)

F p

Self-concept of math ability
M 0.93a �1.38b 0.26c �0.39d 994.53 0.001

Math performance
M 0.98a �1.21b �0.74c 0.30d 1167.08 0.001
S.D. 0.41 0.46 0.47 0.44

Note: groupmeans with different superscripts showed a statistically significant difference (p< .001) when testedwith Bonferroni’s procedure. n describes I
states (e.g., a state referring to a specific individual at a specific time) rather than number of students (Bergman & El-Khouri, 1999).
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277 transition from compulsory secondary school to high school. The percentage of students in the high-accurate self-concept of
278 math ability group decreased, whereas the percentage of students in the other three groups increased slightly.

279 3.3. Research questions 3 and 4. Gender and parents’ educational level as predictors of accuracy in students’ ability self-concepts

280 In order to investigate the extent towhich students’ gender (R.Q.3) and parents’ educational level predicted the accuracy
281 of students’ math ability (R.Q.4) self-concept during the transition to high school, several multinomial logistic regression
282 analyseswere carried out. Logistic regressionsmeasure the relationship between the categorical dependent variable and one
283 ormore independent variables by estimating probabilities using a logistic function. These analyses enabled the prediction of
284 the categorical variable self-concept of math ability groupings. Group membership was therefore separately predicted by
285 students’ gender and parents’ educational level. At Time 2, the impact of previous group membership at Time 1 was
286 controlled for in the analyses. In addition, all self-concept ofmath ability groupings were compared to the remaining groups.
287 The results illustrated that youngmalesweremore likely thanyoung females to belong to the high accurate group at Time
288 1 (b = .84, Wald = 8.17, p< .01, OR =2.33) or to the optimistic group at the two time points (b = .90, Wald= 7.02, p< .01,
289 OR =2.45 at Time 1; b =1.13, Wald = 11.98, p< .01, OR =3.10 at Time 2) than to the pessimistic group. Moreover, when the
290 fathers’ educational level was high, students were more likely to belong to the pessimistic than to the high accurate self-
291 concept of math ability group at Time 1 (b = .50, Wald = 3.65, p< .06, OR = .61). In the same vein, when the parental
292 educational levelwas high the students weremore likely to belong to the lowaccurate than to the high accurate self-concept
293 of math ability group at Time 1 (b = .57, Wald = 5.29, p< .05, OR = .56 for fathers; b= .52, Wald =4.32, p< .01, OR = .60 for
294 mothers).
295 A gender�parentalQ9 education interaction analysis showed that males whose fathers had a high level of education more
296 often belonged to the pessimistic than to the high accurate self-concept of math ability group at Time 1 (b =1.62,Wald =8.74,
297 p< .01, OR = .20).

298 4. Discussion

299 The present two-wave longitudinal study aimed at filling a gap in the existing literature by examining the accuracy and
300 bias in students’ math ability self-concepts using a person-oriented approach and by focusing on the time period when
301 students are facing the transition to high school. The results showed that two accurate (high and low) and two biased
302 (optimistic and pessimistic) groups of students could be identified according to their math ability self-concept and
303 performance. These groups were relatively stable across the two measurement times, however, the number of students in
304 the high-accurate self-concept of math ability group slightly decreased over the transition to high school. In addition and
305 congruently with expectations, gender and parental educational level predicted student's math ability group membership.
306 Furthermore, these findings highlight the importance of studying accuracy and bias in math ability self-concept among
307 students in secondary education, whereas previous research has, to a great extent, focused on elementary school students
308 (i.e., Bouffard et al., 1998; Rytkönen et al., 2007) and secondary school students (i.e., Dupeyrat et al., 2011; Gonida & Leondari,
309 2011). Similarly, the use of person-oriented approach enables to identify four groups of respondentswhosemath ability self-
310 concept was different from the overall trend (typically captured by variable-oriented methods). Moreover, the present
311 research demonstrates that the transition into high school seems to be an ideal time framework to investigate the extent to
312 which students’ self-perceptions of their abilities are accurate. This is also the time when students are in the process of
313 selecting their future studies and career paths (Eccles, 2007) and may need other sources of information rather than grades

[(Fig._1)TD$FIG]

Fig. 1. Stability and changes in the self-concept of math ability (SCA) groupings at both times.
Note: the numbers indicate frequencies; straight lines refer to changes that are more likely than expected by change; dotted lines refer to changes that
appear less likely than expected by change (chi square tests) ***p< .001, **p< .01, *p< .05.
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314 to construct their ability self-concepts (Gniewosz et al., 2011). However, one should keep in mind that these findings can be
315 generalized only to the students who participated in the present study at both measurement times. Students who dropped
316 out or chose the vocational track showed slightly lower levels of math achievement and self-concept of ability, which might
317 have influenced their educational decisions and/or reflect their interest in other than academic studies.More future research
318 would be needed to examine the accuracy and bias in vocational students’ ability self-concepts.

319 4.1. The development of self-concept of math ability across the transition to high school

320 The first aim of the present study was to investigate what kind of groups of students could be identified according to the
321 accuracy of and bias in their math ability self-concepts. The results of the person-oriented ISOA analyses showed that four
322 (two accurate and two biased) math ability self-concept groups could be identified. Most of the students (40%) belonged to a
323 high-accurate self-concept ofmath ability groupwhichwas characterized bya high level of self-concept ofmath ability and a
324 high level of math performance. The second largest (21%) low-accurate self-concept of math ability group was characterized
325 by a low level of math ability self-concept and a low level of math performance. The third largest (20%) pessimistic self-
326 concept of math ability group was characterized by a low level of math ability self-concept and a moderate level of math
327 performance. The smallest (18%) optimistic self-concept of math ability group was characterized by a moderate level of self-
328 concept of math ability and a low level of math performance. These results suggested that, in general, young males and
329 females showed relatively “realistic” self-perceptions concerning their math abilities. At both time points, more than 50% of
330 the students belonged to an accurate self-concept ofmath ability group (regardless of whether theirmath abilities were high
331 or low). Most students with an accurate perception of their math abilities reported a positive rather than a negative
332 evaluation at the two time points.
333 Nevertheless, some participants did not becomemore realistic and accurate as they transitioned into high school (see also
334 Bouffard et al., 2011; Rytkönen et al., 2007; Wigfield & Eccles, 2000). These results may be due to the fact that, during the
335 transition from compulsory secondary school into high school, some students (particularly those in non science and
336 technology high schools) choose paths with low math requirements. Thus, some students who at Time 1 belonged to the
337 high accurate group transitioned to the low accurate and pessimistic self-concept of math ability groups and reported lower
338 math performance at Time 2 than at Time 1. In both groups, students' self-concept of math ability became also lower than in
339 the previous high-accurate group. These results may also reflect the competitiveness of the high school, increased skill
340 comparison among peers, and high school ability groupings and tracking system in Spain, all of which have an impact on
341 students’ appraisal of their math abilities (Eccles et al., 1993; Jacobs et al., 2002). This could also explainwhy, over time, most
342 changes in the self-concept of math ability groups occurred in the high-accurate group whereas smaller amount of changes
343 were observed in the three remaining groups (e.g., the number of students transitioning out from the high-accurate group
344 was higher than the number of students transitioning out from the low-accurate, positive, and pessimistic groups). As a
345 result, the high-accurate group became also smaller across the transition to high school. These findings are in linewith other
346 studies indicating decreases in students’ math ability self-concepts and performance as they move into higher education
347 (Fredricks & Eccles, 2002; Jacobs et al., 2002; Sáinz & Eccles, 2012).
348 Equally, and in support of the person-environment fit theory, changes connected to structural and non-structural factors
349 before (i.e., the quality of teacher-student interaction, teachers’ feedback about students’ abilities, evaluation procedures)
350 and after the transition to high school (i.e., newways of interacting in the class with peers and teachers, changes of peers and
351 teachers, choosing one of the available tracks) may also have contributed to the changes in the accuracy of students’ math
352 ability self-concepts (Eccles & Roeser, 2009; Yoon et al., 1996). It is also probable that, for some students (especially those in
353 the high accurate group), the fact that high school is a less supportive environment (students have to compete in order to get
354 the highest grades in order to have access to the desired university studies) than compulsory secondary education could have
355 affected the way they reported their self-concept of ability (see also Eccles & Roeser, 2009). In this sense, the grouping of
356 students according to their general performance (not only inmath)might also have impacted their perceptions of theirmath
357 abilities across the two time points.

358 4.2. Factors shaping students’ perception of ability and suggestions for intervention

359 In line with some previous studies (Bouffard et al., 2011; Gonida & Leondari, 2011), more students belonged to the
360 accurate than biased self-concept of ability groups. Moreover, students with high-accurate and optimistic views of their
361 math abilities at the two time points reported higher math ability self-concepts than students in the low-accurate and
362 pessimistic groups. These findings suggest that both high accurate and inflated views of ability can be beneficial for some
363 students (Bouffard et al., 2011; Gonida & Leondari, 2011). This is probably true especially for students in the science and
364 technology track and who will need high mathematical skills across high school years. However, a low or negatively biased
365 view of one’s math abilities may be adaptive for students with a poor math performance, providing excuses for their low
366 performance and risk avoidance by not attempting challenging tasks (Owens, 1993). This is probably more true for students
367 in the humanities and artistic tracks who are not necessarily enrolled in any math courses because mathematical skills are
368 not always valued among them as much as other skills, such as linguistic or artistic skills, typically more prominent in their
369 fields.
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370 The results further illustrated a gender gap in students’ attitudes relating to mathematics, similar to some previous
371 findings (Davis-Kean, 2005; Dupeyrat et al., 2011; Gonida & Leondari, 2011; Sheldrake et al., 2014). Male students weremore
372 likely than their female counterparts to belong to the high-accurate self-concept ofmath ability group than to the pessimistic
373 self-concept of ability group. Thus, male students who are good at math seem to be more aware of their math ability than
374 their female counterparts. Additionally, female students were more likely to belong to the pessimistic self-concept of math
375 ability group, since they rated their math abilities below their real performance (Dupeyrat et al., 2011; Gonida & Leondari,
376 2011; Yoon et al., 1996; Watt, 2010).
377 Interestingly, these results were especially true after the transition into high school, suggesting that the gender gap in
378 adolescents’ perceptions was more pronounced after the transition. It is possible that the transition to a new school
379 environment challenges students’ general self-esteem. However, whereas females show a pessimistic self-concept, young
380 males boost their math self-concepts (Jacobs et al., 2002). Likewise, in comparison to female students, male students were
381 more likely to belong to the optimistic group at bothmeasurement times, as they rated their math abilities higher than their
382 actual performance in math (Watt, 2010; Gonida & Leondari, 2011). These findings may mirror male students’ tendency to
383 exaggerate their own abilities in masculine domains (Guimond & Roussel, 2001), which may help young males to better
384 adapt to the new school environment and demands after the transition. In some cases, this tendency reflects their study
385 choices (e.g., males who takemath courses in high school may have amore optimistic perception of their actual math skills).
386 Some researchers have discouraged the design of interventions aimed at promoting overconfident self-concept or at
387 lowering students’ efficacy beliefs (for instance, Schunk & Pajares, 2002). Following this idea, it would be important for
388 students to learn about their limitations and to deploy the right strategies to perform different tasks (Schunk & Pajares,
389 2002). However, individual students might need individually targeted support. For example, students with optimistic self-
390 perceptions but low performance would also benefit from the enhancement of their competences. Consequently, recentQ10
391 research (Baumeister et al., 2003; Gonida & Leondari, 2011; Narciss et al., 2011) has suggested that interventions should aim
392 to prevent students from having negative unrealistic assessments of their abilities in different domains. For instance,
393 teachers’ feedback about students’ academic progress and achievement can be crucial at modifying students’ negative self-
394 evaluation in a positive direction (Narciss et al., 2011; Upadyaya & Eccles, 2014). More specifically, interventions should
395 address the tendency of young females to undervalue their math abilities.
396 The results showed further that parents’ educational level played an important role in predicting the accuracy or bias in
397 students’ self-concept of math ability (Davis-Kean, 2005). In this regard, parents’ role is more pronounced in determining
398 students’ self-concept during 10th grade than in high school. This decrease in parental influence may be related to the fact
399 that high school students have already chosen an academic track and peer influence becomes more crucial in the formation
400 of their self-concept of ability (Gniewosz et al., 2011). Contrary to expectations, students whose parents had a high
401 educational level weremore likely to belong to the lowaccurate or pessimistic self-concept of math ability group than to the
402 high accurate group. It is possible that parents with a high educational level have also high expectations concerning their
403 children’s academic achievement (Davis-Kean, 2005), which may place extra pressure on some students, making them
404 underestimate their math abilities. Moreover, a process of social comparison between students’ own abilities and their
405 parents’ abilities may lead students to underestimate their own abilities (Felson, 1990). However, future research should
406 empirically test this hypothesis in the Spanish context. Furthermore, the present research suggests that especially fathers’
407 educational level influences students’ appraisal of their own math abilities. Fathers with university degrees may often hold
408 high math demanding occupations, leading their children to compare their math skills to their fathers’. More future studies
409 would be needed to examine these associations further. In addition, it would be important to involve parents in the future
410 research and interventions aiming at preventing students from having negatively biased ability self-concepts and at
411 promoting positive and accurate ability self-concepts and enhancing performance (Bouffard et al., 2011).

412 4.3. Limitations and future directions

413 There are several limitations that should be taken into considerationwhen generalizing the findings of the present study.
414 First, the time framework of the present study was relatively short. Future studies should examine the stability and changes
415 in the accuracy of students’ ability self-concepts over a longer time period (Bouffard et al., 2011). This would provide
416 researchers and educators with more detailed knowledge concerning the development of accuracy in students’ ability self-
417 concepts before and after school transitions. Similarly, future longitudinal research should involve different educational
418 transition points (such as the transition from primary into compulsory secondary education) because during that time
419 students are challenged by new contextual and educational changes (Eccles et al., 1993), leading them to inaccurately
420 evaluate their abilities in different domains. Second, the present study was conducted in Spain; thus, the results can be
421 generalized only to the Spanish cultural context. More cross-cultural research should be carried out to analyze whether the
422 results observed in this study differ across cultures and different educational systems, and to contrast whether or not our
423 societies and educational institutions promote secondary students to achieve realistic ability self-concepts in various
424 academic domains.
425 Third, the attrition rate is a limitation of the present study and could explain (among other aspects) the relative stability of
426 self-concept of math ability group memberships during the students’ transition from compulsory secondary school to high
427 school.
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428 Fourth, the fact that more males than females dropped out the study could have an effect on some of the reported
429 findings. Thus, the higher attrition rates among males could explainwhy more males were more likely to belong to the high
430 accuracy self-concept of ability group than to the pessimistic self-concept of ability group.
431 Fifth, the order of presentation of the measurements (questions concerning students’ grades were presented before
432 ability self-concepts) may have influenced the way adolescents perceived their self-concept of ability and reduced
433 inaccuracy in their ability self-concepts.
434 Finally, students’math performancewasmeasuredwith self-reports, whichmight have influenced the internal validity of
435 the study and the way participants viewed their own self-concept of math ability. This is an important limitation that future
436 research should overcome, as most of the participant schools were reluctant for confidential reasons to provide this
437 information.
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