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Students' ability self-concepts—that is, their self-
perceptions of what they are good at and how good 
they are at different types of tasks—predict their future 
domain-specific achievements and choices (Eccles & 
Wigfield, 2020). For instance, compared to students who 
doubt their math ability or aptitude, those who perceive 
themselves as good at math are more likely to engage in 
math class (Cai et al., 2018), earn good grades in math 
(Marsh et al.,  2005), enroll in advanced math classes 
as they progress throughout their educational careers 
(Simpkins et al.,  2006), and pursue postsecondary and 
occupational goals in math-intensive fields (Lauermann 
et al.,  2017). Ability self-concepts are domain-specific, 
such that individuals can feel good about their read-
ing ability but have a low self-concept of math ability. 
Although students' math and verbal achievements are 
consistently positively correlated over time (Möller 
et al., 2020), their math and verbal ability self-concepts 
become increasingly differentiated over the school years, 

which is reflected in a decreasing correlation between 
these constructs over the school years (Wan et al., 2021). 
This raises the question of what information students 
use to form their ability self-concepts in different do-
mains and across different stages of their educational 
careers, and whether students' use of different sources 
of information to determine their relative strengths and 
weaknesses across domains might contribute to their 
increasingly differentiated self-concepts of ability over 
time.

One way students form their domain-specific ability 
self-concepts is through dimensional comparisons, that 
is, students compare their levels of performance in dif-
ferent domains such as math and language arts to de-
termine their relative strengths or weaknesses in these 
domains (Möller & Marsh, 2013). A student may think, 
for instance, “Compared to my ability in language arts, 
I am not very good at math.” As a consequence of these 
dimensional comparisons, high levels of performance 
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the role of dimensional comparisons in students' ability self-concept formation. 

It used three types of self-concept measures: peer comparisons, cross-domain 

comparisons, and no comparisons. Results indicated that the increase in students' 

use of dimensional comparisons in self-evaluations substantially contributed to 

the increasing differentiation in students' math and verbal self-concepts over time. 

Findings highlight the importance of dimensional comparisons in the development 

of students' ability self-concepts.
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in one domain (e.g., language arts) negatively predict 
students' ability self-perceptions in contrasting do-
mains (e.g., math), even when same-domain achieve-
ment differences (e.g., in math) are controlled for. 
Additional sources of information that shape students' 
self-concepts of ability are social comparisons (i.e., 
comparing one's own performance in a given domain 
with that of relevant others in the same domain) and 
temporal comparisons (i.e., comparing one's current 
performance with past performances in the same do-
main). Although all three types of comparisons are fun-
damental for students' ability self-concept formation, 
only dimensional comparisons are presumed to be a key 
contributor to the increasing differentiation of students' 
math and verbal self-concepts over the school years 
(Wan et al., 2021). Indeed, meta-analytic evidence sug-
gests that, after controlling for same-domain achieve-
ment differences, the predictive effects of students' math 
(vs. reading) achievement on their reading (vs. math) 
self-concept are more negative for older than younger 
students (Möller et al., 2020). Thus, older students ap-
pear more likely to use dimensional comparisons than 
younger ones. However, these analyses present only 
indirect evidence of dimensional comparisons, which 
are inferred from the associations between students' 
cross-domain achievements and ability self-concepts. 
In this literature, students' use of dimensional compar-
isons has rarely been directly assessed, for instance, by 
asking students to respond to comparative statements 
about their abilities across domains at different stages 
of their educational careers. As a result, there is also no 
direct longitudinal evidence that students increasingly 
use dimensional comparisons, corresponding to the 
increasing differentiation of students' math and verbal 
self-concepts over the school years.

In the present study, we use longitudinal data from 
the Childhood and Beyond study, which includes items 
that instructed students to evaluate their math and ver-
bal ability self-concepts over time either (a) without ex-
plicit instructions about which type of comparison to 
use (i.e., non-referenced ability self-concepts such as: 
“How good are you at math [reading]?”), (b) based on 
dimensional comparisons (i.e., internally referenced abil-
ity self-concepts such as: “How good are you at math 
[reading], compared to other activities and subjects?”), 
or (c) based on social comparisons (i.e., externally refer-
enced ability self-concepts such as: “If you were to list all 
the students from best to worst in math [reading], where 
are you?”). By comparing students' answers across these 
items, we provide direct evidence for the increase in stu-
dents' use of dimensional comparisons in their ability 
self-evaluations. Furthermore, by examining the links 
between students' internally referenced self-concepts in 
math and verbal domains longitudinally, we examine 
whether an increase in students' use of dimensional com-
parisons is associated with a corresponding increase in 

cross-domain differentiation of students' self-concepts 
over the school years.

We focus on age-related changes in students' use of 
dimensional comparisons and whether these changes 
can explain the increasing differentiation of students' 
math and verbal self-concepts over time. Studying 
these questions is important because it clarifies the 
role of dimensional comparisons in shaping students' 
self-evaluations at different stages in their educational 
careers, and because dimensional comparisons can sig-
nificantly affect students' future educational choices 
and areas of specialization. Our study is the first to 
chart developmental changes based on direct assess-
ments of students' use of dimensional comparisons 
from Grades 1 through 12.

Dimensional comparisons in ability  
self-concept formation

Dimensional comparisons (Möller & Marsh, 2013), along 
with social (Festinger, 1954) and temporal comparisons 
(Albert, 1977), are proposed as a key influencing factor in 
the formation of students' ability self-concepts (Skaalvik 
& Skaalvik,  2002). According to the internal-external 
frame of reference (I/E) model (Marsh,  1986) and di-
mensional comparison theory (Möller & Marsh,  2013), 
dimensional comparisons involve comparing one's per-
formance in a given school subject with own perfor-
mances in other subjects. Dimensional comparisons 
between academic domains that are perceived as dissim-
ilar, such as math and language arts, are assumed to lead 
to negative contrast effects in the formation of students' 
ability self-concepts in these domains. For instance, rel-
atively high levels of achievement in one domain (e.g., 
language arts) set a high standard against which stu-
dents' compare their ability in the contrasting domain 
(e.g., math). Due to dimensional comparisons, students 
who perform better in reading than in math tend to have 
lower self-perceptions of math ability than students with 
identical math ability but lower reading performance. A 
large body of research has provided support for the exist-
ence of dimensional comparison effects in students' abil-
ity self-concept formation (Möller et al., 2020).

Students' use of dimensional comparisons has been 
proposed as a key reason for the discrepancy in the cor-
relations between students' math and verbal achievements 
versus corresponding math and verbal self-concepts of 
ability (Marsh,  1986). Specifically, whereas students' 
abilities in math and verbal domains are positively cor-
related, their math and verbal self-concepts are only 
weakly or not at all related (Möller et al., 2009, 2020). In 
other words, due to dimensional comparisons, students' 
math and verbal self-concepts become increasingly dif-
ferentiated despite the strong positive correlation be-
tween their math and verbal achievements.
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Age-related changes in dimensional comparisons

The differentiation between students' math and verbal 
self-concepts increases over the school years (Möller 
et al.,  2020; Wan et al.,  2021). In a meta-analysis, Wan 
et al. (2021) found that the correlation between students' 
math and verbal self-concepts flipped from a positive 
value to a negative one during the adolescent years. 
They further suggested that students' increasing reli-
ance on dimensional comparisons over age is likely the 
main reason behind this “correlation flip.” Indeed, many 
studies have reported negative (e.g., Gunderson et al., 
2017; Lauermann et al.,  2020; Umarji et al., 2018) and 
close-to-zero correlations (e.g., Möller et al., 2011; Wolff 
et al.,  2020) between students' math and verbal self-
concepts among secondary school students. In contrast, 
the evidence for elementary school students—although 
comparatively less prolific and less consistent—points 
to positive associations in the early school years (e.g., 
Schneider & Sparfeldt,  2020; Weidinger et al.,  2019). 
Furthermore, dimensional comparison effects become 
stronger not only in secondary school but also across the 
elementary school years (Ehm et al.,  2014; Lohbeck & 
Möller,  2017; Schneider & Sparfeldt,  2020; Sewasew & 
Schroeders, 2019; Weidinger et al., 2019).

Theoretically, it is sensible that students' use of dimen-
sional comparisons increases over age due to important 
changes in students' reasoning about competence and the 
nature of their educational environments (Cimpian, 2017; 
Dweck, 2002; Eccles et al., 1993; Harter, 2012; Higgins 
& Eccles-Parsons,  1983; Nicholls,  1978; Parsons & 
Ruble, 1977; Stipek & Mac Iver, 1989). First, young stu-
dents may not be able to make dimensional compari-
sons, both due to their stage of cognitive development 
and the external sources of information that are avail-
able to them. In particular, dimensional comparisons re-
quire the cognitive ability to differentiate different levels 
of competence across domains, as well as the ability to 
compare and integrate different sources of information 
across domains and over time (Stipek & Mac Iver, 1989; 
Weidinger et al., 2019). Moreover, dimensional compar-
isons are also affected by the learning environment and 
by normative evaluations across subjects (e.g., the in-
creasing emphasis on normative performance feedback 
and grades over the school years, Eccles & Roeser, 2011). 
Second, students may become increasingly motivated 
to make dimensional comparisons because of the need 
(or pressure) to choose among and specialize in different 
domains in later school years (Gaspard et al., 2020). Self-
differentiation, that is, the desire to identify one's rela-
tive strengths and weaknesses across different domains, 
has emerged as a key motivation behind making dimen-
sional comparisons in high school samples (Wolff, Helm, 
& Möller, 2018). Dimensional comparisons support stu-
dents' decision-making about which course to enroll in 
or which major and career paths to choose when such 
decisions need to be made in secondary education.

Direct and indirect assessments of dimensional 
comparisons

To date, researchers have mainly relied on a path-analytic 
approach to study dimensional comparison effects in dif-
ferent populations and age groups (for a meta-analysis, 
see Möller et al., 2020). As noted previously, numerous 
studies show that students' achievement in one domain 
(e.g., language arts) negatively predicts students' ability 
self-concept in the contrasting domain (e.g., math), when 
same-domain achievement differences (e.g., in math) are 
statistically controlled. The estimates of these negative 
cross-domain paths from achievement in one domain to 
ability self-concept in a contrasting domain are inter-
preted as evidence of dimensional comparison effects.

A limitation of the path-analytic approach and its in-
terpretation is that whether individuals engage in dimen-
sional comparisons is not directly measured. In most 
studies, students' academic self-concepts are assessed 
based on non-referenced items (e.g., “How good are 
you at math?”). These items do not ask students to use a 
specific internal or external frame of reference for abil-
ity self-evaluations. Studies using such non-referenced 
items often show the existence of both social and di-
mensional comparison effects, suggesting that students 
are likely to spontaneously use some frame of reference 
(e.g., peers, other subjects) to answer these questions 
even when they are not explicitly prompted to do so 
(Marsh et al.,  2019). Using this approach, we can only 
make indirect inferences about the effects and the type of 
comparison students engage in when they evaluate their 
ability self-concepts. There are a few experimental stud-
ies directly assessing the effects of dimensional compar-
isons on individuals' self-evaluations (Möller & Köller, 
2001; Müller-Kalthoff, Jansen, et al., 2017; Pohlmann & 
Möller, 2009; Strickhouser & Zell, 2015). However, all of 
them focused on specific age groups (either high school 
or college students), and are thus not suited for answer-
ing developmental questions, which are of primary inter-
est for the present study.

A complementary and more direct way of capturing 
dimensional and social comparison processes is to im-
plement separate assessments that elicit students' com-
parative evaluations of their ability either in reference 
to alternative domains (i.e., dimensional comparisons) 
or in reference to relevant others (i.e., social compari-
sons). Several cross-sectional studies have applied such 
an approach (Bong,  1998; Dickhäuser,  2005; Marsh 
& Yeung,  2001; Müller-Kalthoff, Helm, et al.,  2017; 
Skaalvik & Skaalvik, 2004; Wolff, 2020; Wolff, Helm, 
Zimmermann, et al.,  2018). These studies show that 
explicitly asking students to use either internal or ex-
ternal frames of reference results in different ratings 
of students' ability self-concepts. The correlations 
between math and verbal self-concepts were negative 
when using dimensional comparisons (i.e., an inter-
nal frame of reference), but positive when using social 
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comparisons (i.e., an external frame of reference). 
Accordingly, internally and externally referenced items 
do seem to capture different comparison processes in 
self-evaluations. However, due to their cross-sectional 
design, these studies are not suitable for analyses of 
developmental changes in students' use of dimensional 
versus social comparisons.

The present study

The current longitudinal study expands upon previous 
research by using direct assessments of dimensional and 
social comparisons across Grades 1–12 that explicitly 
asked students' to make ability self-evaluations based on 
internally referenced (i.e., comparisons across different 
subjects) or externally referenced items (i.e., compari-
sons with other students). The design of the study makes 
it possible to elicit students' use of dimensional com-
parisons more directly than inferring such comparisons 
from correlations between students' math and reading 
self-concepts, as assessed by non-referenced items.

The present study has two main objectives. First, we 
test whether students' use of dimensional comparisons in 
forming ability self-evaluations increases over the school 
years. To this end, we examine possible changes in the 
predictive effects of internally referenced ability self-
evaluations (e.g., “How good are you at math, compared 
to other activities and subjects?”) and externally refer-
enced ability self-evaluations (e.g., “If you were to list all 
the students from best to worst in math, where are you?”) 
on non-referenced self-concept items (e.g., “How good 
are you at math?”). These analyses allow us to determine 
whether the relative weight of students' use of dimen-
sional relative to social comparisons in the formation 
and prediction of students' (non-referenced) domain-
specific ability self-concepts increases over time.

Second, we examine whether an increase in students' 
use of dimensional comparisons corresponds to an in-
creasing differentiation of students' math and verbal 
self-concepts over the school years. Following Wan 
et al.  (2021), we examine whether the strength of the 
correlations between students' math and verbal ability 
self-evaluations changes from positive in the early school 
years to zero or negative in later years, which would indi-
cate that these self-evaluations are initially well-aligned 
but become more differentiated over time. We expand 
upon prior evidence by examining potential changes in 
the correlations between students' (a) non-referenced, (b) 
externally referenced, or (c) internally referenced math 
and verbal ability self-evaluations longitudinally over 
the school years. If dimensional comparisons are driv-
ing an increasing cross-domain differentiation over time, 
then we would expect the strongest decline in these math-
verbal associations for students' internally referenced 
ability self-evaluations.

The corresponding research questions (RQs) and ex-
pected results are:

RQ1: How does the relation between students' in-
ternally referenced and non-referenced self-concepts 
change over time in the domains of math and lan-
guage arts? For both domains, we expected that, after 
controlling for the predictive effects of externally 
referenced self-concepts, this association should in-
crease over time. Given evidence on children's social-
cognitive development, the increasing salience and 
prevalence of normative evaluations across subjects, 
and the pressure to specialize in later school years, we 
predict that older students will become increasingly 
likely to use dimensional comparisons to form their 
ability self-concepts over the school years.

RQ2a: How does the relation between students' 
non-referenced math and verbal self-concepts change 
over time? We expect that the correlation between 
students' non-referenced self-concepts in math and 
language arts will decrease over time, flipping from 
a positive value to a zero or negative one during the 
adolescent years (i.e., showing an increasing differen-
tiation, see Wan et al., 2021).

RQ2b: How does the relation between students' 
externally referenced math and verbal self-concepts 
change over time? Based on findings from previous 
studies (Dickhäuser,  2005; Marsh & Yeung,  2001; 
Wolff, Helm, Zimmermann, et al.,  2018), we expect 
that the correlation will be moderately positive. We 
also predict that it will remain positive over the school 
years because students' math and language achieve-
ments are consistently positively correlated across de-
velopment (Möller et al., 2020).

RQ2c: How does the relation between students' 
internally referenced math and verbal self-concepts 
change over time? We expect a negative correla-
tion between students' internally referenced math 
and language self-concepts in secondary school, 
consistent with prior evidence (Dickhäuser,  2005; 
Marsh & Yeung, 2001; Wolff, Helm, Zimmermann, 
et al.,  2018). This hypothesis is less certain for stu-
dents in the early school years due to a lack of prior 
evidence using direct assessments of dimensional 
comparisons. We expect an age-related decrease in 
this correlation (i.e., the magnitude of the negative 
correlation should increase over age) due to students' 
increasing ability and tendency to differentiate their 
ability self-evaluations (i.e., identify their relative 
strengths and weaknesses across different domains).
Due to the richness of prior research on dimensional 

comparisons, we were able to formulate theory- and 
evidence-based expectations for all analyses. Thus, the 
present analyses are confirmatory in nature. They serve 
to address the specific hypotheses we have outlined 
above for each RQ.
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M ETHOD

Participants and procedure

We used data from the Childhood and Beyond study, an 
existing longitudinal study of the development and so-
cialization effects on children's achievement motivation 
and behavior. Data were collected from three cohorts 
of children and their parents and teachers between 1987 
and 1996, beginning when Cohort 1 was in kindergarten, 
Cohort 2 was in Grade 1, and Cohort 3 was in Grade 3. 
These children were initially followed for three consecu-
tive years. After a three-year gap in funding, additional 
information was collected from the students for three 
more consecutive years. For a detailed description, see 
http://garp.educa​tion.uci.edu/cab.html.

We used data from Waves 2, 3, 4, 5, and 7 in this study 
because those data points had students' reports of their 
ability self-concepts in both math and language do-
mains over a 12-year period. Thus, data were collected in 
Grades 1, 2, 3, 7, and 9 for Cohort 1, Grades 2, 3, 4, 8, and 
10 for Cohort 2, and Grades 4, 5, 6, 10, and 12 for Cohort 
3 (see Table 1). We excluded data from students who had 
never reported on their ability self-concepts across the 
five waves of data collection. The final sample consisted 
of 1069 children, of whom 318 were in Cohort 1 (154 girls 

and 164 boys), 330 were in Cohort 2 (171 girls, 159 boys), 
and 421 were in Cohort 3 (220 girls and 201 boys).

Children attended 10 public, elementary schools in 
four middle-class school districts in the suburbs of a 
large midwestern city in the United States. Among those 
who reported their ethnicity, the sample was primarily 
European American (91.9%), with a very small minority 
of African Americans (1.5%), Asians (5.7%), American 
Indians (<1%), and Hispanics (<1%). Two hundred and 
fifteen students did not report their ethnicity. Gender 
was almost perfectly balanced across all waves of data 
collection. In general, the families were middle- or 
working-class, two-parent families (90% two parents). 
Family income in 1986 ranged from $10,000 to over 
$80,000, with an average income between $40,000 and 
$50,000.

Measures

All survey items were developed by Eccles and col-
leagues, that is, for ability self-concepts or expectan-
cies, interest value, and importance value (see Wigfield 
& Eccles,  2000). The math and language ability self-
concept measures each included five items. For the math 
domain, the same items were asked in all waves of data 
collection. For the language domain, the items referred 
to reading in Waves 2–4 and to English in later waves to 
account for changes in the content and the main focus 
of the language arts classes after elementary school. In 
other words, the items were tailored to be relevant to 
what students were learning in school at each stage (e.g., 
elementary-level students had a subject called reading 
but no class called English, and vice versa for students 
in Grades 7–12). These self-concept items were divided 
into three categories based on different frames of ref-
erence: non-referenced (i.e., no frames of reference in 
the prompt of measurement so that students may freely 
choose frames of reference for comparisons), externally 
referenced (i.e., based on social comparisons with peers), 
and internally referenced (i.e., based on intra-individual 
dimensional comparisons across domains) items.

Across all waves, students answered questions about 
the math domain (e.g., math ability self-concept, math 
interest, math anxiety) first, and questions about the lan-
guage arts domain later in the survey. The order in which 
questions about students' ability self-concepts were pre-
sented changed between Waves 2–4 (i.e., Times 1–3) and 
Waves 5 and 7 (i.e., Times 4–5). At all time points, these 
questions started with a non-referenced item (“How 
good at math/reading/English are you?”) and ended with 
two additional non-referenced items. For Times 1–3, the 
externally referenced item was presented before the in-
ternally referenced item. For Times 4 and 5, the inter-
nally referenced item was presented before the externally 
referenced item.

TA B L E  1   Sample description by cohort, grade level, and age at 
each time point of data collection

Cohort 1 Cohort 2 Cohort 3

Time 1: 1987–1988

Grade level Grade 1 Grade 2 Grade 4

N 294 314 264

Mean age in years (SD) 6.76 (.38) 7.73 (.39) 9.70 (.36)

Time 2: 1988–1989

Grade level Grade 2 Grade 3 Grade 5

N 281 298 401

Mean age in years (SD) 7.76 (.39) 8.72 (.38) 10.70 (.38)

Time 3: 1989–1990

Grade level Grade 3 Grade 4 Grade 6

N 244 251 372

Mean age in years (SD) 8.76 (.38) 9.71 (.37) 11.70 (.36)

Time 4: 1993–1994

Grade level Grade 7 Grade 8 Grade 10

N 184 190 276

Mean age in years (SD) 12.75 (.38) 13.73 (.38) 15.69 (.35)

Time 5: 1995–1996

Grade level Grade 9 Grade 10 Grade 12

N 151 151 195

Mean age in years (SD) 14.73 (.37) 15.71 (.36) 17.67 (.34)

Note: The average age was computed as of January 1 of each year shown (e.g., 
January 1, 1996).

http://garp.education.uci.edu/cab.html
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Non-referenced math/language ability self-
concept items

Three non-referenced items were used in the analyses: 
“How good at math [reading/English] are you?” (1 = not 
very good, 7 = very good). “How well do you expect to 
do in math [reading/English] this year?” (1 = not at all 
well, 7 = very well); “How good would you be at learn-
ing something new in math [reading/English]?” (1 = not 
very good, 7  =  very good). The average scores of the 
three items (for each domain) were used in the analysis. 
The internal consistency of these items was satisfac-
tory for most time points (math: α = [.49, .93], language: 
α = [.60,  .93]). The average test–retest reliability for adja-
cent waves of data collection for these items was r = .42 
for math and r = .39 for language.

Externally referenced math/language ability 
self-concept items (i.e., based on social 
comparisons)

Students' externally referenced self-concepts were as-
sessed with the item: “If you were to list all the students 
from best to worst in math [reading/English] where are 
you?” (1  =  one of the worst, 7  =  one of the best). The 
average test–retest reliability for adjacent waves of data 
collection for these single-item measures was r = .39 for 
math and r = .40 for language.

Internally referenced math/language ability 
self-concept items (i.e., based on dimensional 
comparisons)

Students' internally referenced self-concepts were as-
sessed with the item: “Compared to most of your other 
school subjects, how good are you at math [reading/
English]?” (1 = a lot worse, 7 = a lot better). The average 
test–retest reliability for adjacent waves of data collec-
tion for these single-item measures was r = .37 for math 
and r = .34 for language.

Teacher-evaluated math/reading aptitude in 
elementary school

Elementary school teachers of participating students 
evaluated their students' math and reading aptitude in 
the first four waves of data collection (kindergarten 
through Grade 6) using two items: “Compared to other 
children, how much innate ability or talent does this 
child have in math [reading]?” ranging from 1 (very lit-
tle) to 7 (a lot), and “How well do you expect this child 
to do next year in math [reading]?” ranging from 1 (very 
poorly) to 7 (exceptionally well). The average scores of 
the two items (for each domain) were reported in Table 

S1. The internal consistency of these ratings was very 
good (math: α = [.82, .91], language: α = [.81, .90]).

Analysis

Preparatory tests of the validity of  
externally- versus internally referenced  
single-item measures

Before answering our main RQs, we conducted path 
analyses and used teacher ratings of student aptitude to 
validate the externally and internally referenced assess-
ments of students' ability self-concepts. This approach 
is based on the Extended I/E Model (Dickhäuser, 2005; 
Marsh & Yeung, 2001) and is shown in Figure 1 (Model 
A). As noted previously, negative cross-domain predic-
tive effects of students' math (or verbal) achievement on 
their verbal (or math) ability self-concepts, and control-
ling for same-domain achievement differences, have been 
interpreted as a sign of students' use of dimensional com-
parisons. Accordingly, in a set of preparatory analyses, 
we tested such cross-domain predictive effects of teacher-
rated student ability in math and reading on students' 
internally versus externally referenced self-concepts 
of ability in these two domains. For example, students 
with low performance in reading should be more likely 
than those with high performance in reading to think 
that they are better in math than in other school subjects 
(measured by internally referenced items). However, we 
do not have a priori predictions about whether students 
with low performance in reading will be more likely than 
those with high performance in reading to think that they 
are better at math than are their classmates (measured by 

F I G U R E  1   Conceptual model depicting the relations between 
achievement and frame-specific ability self-concepts according to 
Marsh and Yeung (2001). “+” and “−” refer to the predicted direction 
of the path coefficients, whereas “?” indicates that there are no 
a priori predictions. ASC, ability self-concept; EXT, externally 
referenced; INT, internally referenced; Lan, language arts; TRA, 
teacher-rated aptitude. β1 (β2) will be compared with δ1 (δ2) to 
validate that there are differences between the constructs measured 
by internally referenced versus externally referenced items.
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externally referenced items). If the predictive effects of 
teacher-rated math (vs. reading) ability on students' ex-
ternally referenced self-concepts in reading (vs. math) 
are different from the corresponding predictive effects of 
teacher-rated math (vs. reading) ability on students' inter-
nally referenced self-concept in reading (vs. math), then 
our internally referenced self-concept items are likely to 
capture a different process from the one captured by the 
externally referenced self-concept items. Stronger cross-
domain effects should emerge for internally referenced 
than externally referenced items (see Dickhäuser, 2005). 
Wald tests were used to compare the strength of these 
predictive paths (see β1 vs. δ1 and β2 vs. δ2 in Figure 1).

Regression analysis for RQ1

To estimate the independent contributions from dimen-
sional and social comparisons to students' ability self-
concept formation, non-referenced ability self-concepts 
were regressed on both internally and externally refer-
enced ability self-concepts for each cohort and at each 
wave. For each time point, internally and externally ref-
erenced ability self-concepts were entered in the regres-
sion models at the same time.

Structural equation modeling analysis for RQ2

To assess if the correlations between non-referenced 
math and language ability self-concepts change over 
time, we tested a quasi-simplex measurement model 
(Model B) presented in Figure 2. Similar models were 
used to examine the correlations between externally 
referenced math and language ability self-concepts 
(Model C) and the correlations between internally 
referenced math and language ability self-concepts 
(Model D). These analyses allowed us to examine the 
strength of associations between constructs of inter-
est at different time points in students' educational 
careers. To adjust for the reliability of each single-
item measure at each time point in the quasi-simplex 
models, the measurement errors were corrected 
by using the approach suggested by Anderson and 
Gerbing  (1988). Specifically, we defined a single-item 
latent variable by fixing its factor loading to .95 × s (SD 
of the observed variable) and fixing its error variance 
to .1 × s2. Importantly, such error corrections rely on 
the assumption that error variance is truly “error” and 
are just a guess for how measurement error might have 
affected the results. We compared the results with and 
without such measurement error corrections to test 
the robustness of our findings. To empirically assess 
whether the developmental pattern is robust across 
cohorts in the dataset, we compared models in which 
the synchronous covariances between students' math 
and verbal ability self-concepts were constrained to be 

equal across the three cohorts if they are in the same 
grade (e.g., Grade 2 in Cohort 1 vs. 2; see Figure  2) 
to models in which all covariances were free to vary 
across the three cohorts. Model comparisons were 
based on changes in chi-square relative to changes in 
degrees of freedom (Kline, 1998).

All structural equation modeling analyses were run 
in Mplus Version 7.4 (Muthén & Muthén,  1998–2017). 
The full information maximum likelihood approach im-
plemented in Mplus was used to deal with missing data. 
Maximum likelihood estimation with robust standard 
errors was used for parameter estimation to account for 
the violations of normality. The descriptive statistics and 
regression analyses were conducted in Stata/SE 14.0.

Robustness check

To rule out potential order effects for non-referenced 
items (e.g., students' potential tendency to answer the 
non-referenced items differently after having just filled 
out the internally or externally referenced items), we 
conducted additional analyses by using only the first of 
the three non-referenced items in all analyses. This item 
(i.e., “How good at math[reading/English] are you?”) was 
always asked first, before internally or externally refer-
enced items.

RESU LTS

Descriptive statistics and zero-order correlations are 
shown in Tables S1–S4. These analyses show that teach-
ers' ratings of students' ability in math versus reading 
are very highly correlated throughout elementary school 
(r = [.71, .82], see Figure S1), whereas the corresponding 
correlations between students' self-concepts decline dur-
ing this same period (r  =  [−.29, .37]). These results are 
consistent with previous literature (Möller et al.,  2009, 
2020) and indicate that a gap emerges between students'n 
math-verbal ability versus math-verbal self-concept 
correlations during this time. This discrepancy in the 
correlational patterns between students' math-verbal 
achievements versus self-concepts is thus likely driven 
by dimensional comparisons rather than by students' 
increasingly differentiated abilities over this period. We 
also found that students reported higher means for their 
math and reading ability self-concepts in Grades 1–4 
than in later school years (see Table S1).

Preliminary analyses: Validating internally and 
externally referenced assessments of students' 
ability self-concepts

To examine the extent to which frame-specific abil-
ity self-concept items capture students' dimensional 
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comparison processes, we started with validating these 
items by linking them with teacher-evaluated math and 
reading aptitudes reported at the same time points. The 
student aptitude data are available for the elementary 
school years in Cohort 1 (Grades 1–3), Cohort 2 (Grades 
2–4), and Cohort 3 (Grades 4–6). We tested the Extended 
I/E model (see Model A in Figure 1) in the nine avail-
able Cohort × Grade data sets, which we refer to as 
Models A1-A9. The Extended I/E model proposes that 
if the internally referenced self-concept items do indeed 
capture students' self-concept based on dimensional 
comparisons, then there should be negative paths from 
achievement (e.g., in math) to students' internally refer-
enced self-concepts in the non-corresponding domain 
(e.g., language). In support of this hypothesis, students' 
math aptitude negatively predicted internally referenced 
self-concept items in reading, after controlling for stu-
dents' reading aptitude (δ1 = [−.52, −.10], see Table 2 and 
Figure  S1). Similarly, students' reading aptitude nega-
tively predicted internally referenced self-concept items 
in math, after controlling for students' math aptitude 
(δ2 =  [−.46, −.24], see Table 2; Figure S1). These results 
support the existence of dimensional comparison effects 
when internally referenced self-concept items were used.

Moreover, after controlling for the predictive effects 
of students' reading aptitude, the predictive effects of 
students' math aptitude on their internally referenced 

reading self-concept in Model A had larger effect sizes 
(see δ1 in Table 2, average δ1 = −.34) than the correspond-
ing predictive effects of math aptitude on students' exter-
nally referenced reading self-concept (see β1 in Table 2, 
average β1 = −.17). We found a similar pattern for the pre-
dictive effects of students' teacher-rated reading aptitude 
on their internally versus externally referenced math self-
concept ratings (internal comparisons: average δ2 = −.38; 
external comparisons: average β2 = −.18). Although the 
differences between δ and β do not reach statistical sig-
nificance for some of the included time points (see p-
values in Table 2), the pattern of δ having a larger effect 
size than β is consistent across all tested Models A1-A9. 
This pattern indicates that there are differences between 
the constructs measured by internally referenced versus 
externally referenced items. As expected, internally ref-
erenced items capture the dimensional comparison pro-
cess to a greater extent.

RQ1: How does the relation between students' 
internally referenced and non-referenced self-
concepts change over time?

Because we are interested in the extent to which stu-
dents weigh dimensional comparisons in ability self-
evaluations, non-referenced ability self-concepts were 

F I G U R E  2   Estimates for quasi-simplex measurement model assessing the associations between students' math and language ability 
self-concepts over time, by cohort. Model B is for non-referenced items; Model C is for externally referenced items; Model D is for internally 
referenced items. EX, externally referenced; IN, internally referenced; Lan, language arts; NO, non-referenced. The models are saturated 
but only correlations that correspond to our research questions are shown for the sake of readability. The estimates in the figure are from the 
models that constrain the covariances between variables of interest for the same grade across different cohorts to be the same (i.e., Models B2, 
C2 and D2 in Table S5). Average scores of the three non-referenced items (for each domain) are used for Model B. Residuals are fixed at zero for 
latent variables in all the models. 
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regressed on internally referenced ability self-concepts 
for each academic domain. We controlled for the role 
of students' use of social comparisons by adding exter-
nally referenced ability self-concepts in these regres-
sion models. Thus, we were able to compare changes 
in the relative predictive effects of dimensional versus 
social comparisons. For the math domain, the amount 
of variance uniquely explained by the internally refer-
enced items kept increasing during the school years 
(see Table 3; Figure 3). A similar pattern was replicated 
for the language arts domain, even though there were 
cohort-specific fluctuations in the regression estimates 
(see Table 4; Figure 3).

A different pattern was observed for the externally 
referenced items. Specifically, the amount of variance 
uniquely explained by the externally referenced items 
stayed relatively stable during the secondary school years 
(beyond Grade 6). We also found that for non-referenced 
ability self-concepts, the amount of variance explained 
by the externally referenced items was larger than that 
by the internally referenced items across all time points.

These results were robust when we used only the 
first non-referenced item instead of the averaged score 
of all three non-referenced items in all the analyses (see 

Figure  S2). This item was always asked first and was 
thus not affected by internally or externally referenced 
items. Therefore, our findings seem to be robust to item 
order effects. As shown in Figure S2, the difference in the 
amount of variance explained by the externally versus in-
ternally referenced items became smaller over the school 
years, as dimensional comparisons gained in impor-
tance. These findings are consistent with the assumption 
that, as students grow older, they assign greater weight to 
dimensional comparisons in their (non-referenced) abil-
ity self-evaluations. This pattern is striking and points 
to differentiated developmental processes underlying 
students' use of dimentional versus social comparisons.

RQ2: How do the relations between students' 
math and verbal self-concepts change over time 
for non-, externally, or internally referenced 
items?

The results for RQ2 are presented in Figures 2 and 4, and 
in Table S6 . For the synchronous correlations between 
students' non-referenced math and language self-concepts 
of ability, we observed a “correlation flip” from .43 in 

TA B L E  2   Parameter constraints for cross-domain effects from teacher-rated aptitudes to internal/external ability self-concepts in Models 
A1–A9

Cross-domain effects δ β Wald test p

δ1 (math TRA → lan internal ASC) = β1 (math TRA → lan external ASC)

Model A1: Cohort 1 Grade 1 −.10 (.12) .10 (.12) .28 (.23) .24

Model A2: Cohort 1 Grade 2 −.33 (.11) −.23 (.10) .22 (.20) .25

Model A3: Cohort 1 Grade 3 −.42 (.13) −.29 (.12) .25 (.19) .19

Model A4: Cohort 2 Grade 2 −.38 (.09) −.05 (.10) .54 (.14) .000

Model A5: Cohort 2 Grade 3 −.39 (.11) −.21 (.10) .34 (.16) .03

Model A6: Cohort 2 Grade 4 −.35 (.12) −.25 (.12) .14 (.14) .32

Model A7: Cohort 3 Grade 4 −.18 (.14) −.12 (.15) .11 (.18) .53

Model A8: Cohort 3 Grade 5 −.41 (.10) −.25 (.09) .27 (.11) .01

Model A9: Cohort 3 Grade 6 −.52 (.13) −.24 (.12) .42 (.16) .008

Average −.34 −.17

δ2 (lan TRA → math internal ASC) = β2 (lan TRA → math external ASC)

Model A1: Cohort 1 Grade 1 −.24 (.12) −.12 (.12) .23 (.15) .13

Model A2: Cohort 1 Grade 2 −.31 (.11) −.12 (.11) .34 (.18) .06

Model A3: Cohort 1 Grade 3 −.46 (.12) −.29 (.12) .34 (.19) .06

Model A4: Cohort 2 Grade 2 −.30 (.08) −.26 (.08) .17 (.13) .20

Model A5: Cohort 2 Grade 3 −.45 (.11) −.21 (.10) .51 (.17) .003

Model A6: Cohort 2 Grade 4 −.45 (.13) −.24 (.13) .41 (.20) .04

Model A7: Cohort 3 Grade 4 −.35 (.11) −.17 (.10) .33 (.19) .08

Model A8: Cohort 3 Grade 5 −.40 (.09) −.09 (.09) .51 (.13) .000

Model A9: Cohort 3 Grade 6 −.42 (.10) −.14 (.10) .50 (.15) .001

Average −.38 −.18

Note: Standard errors are in parentheses. Models A1–A9 are the same model (Model A in Figure 1) except that they are using different data (e.g., Cohort 1 Grade 1 
is used in Model A1).

Abbreviations: ASC, ability self-concept; External, externally referenced; internal, internally referenced; Lan, language arts; TRA, teacher-rated aptitude.
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Grade 1 to −.16 in Grade 12 (see Model B in Figure 2), 
suggesting an increasing differentiation of students' math 
and verbal self-concepts. This pattern is robust if we use 

the first non-referenced item instead of the averaged score 
of all three non-referenced items in the analysis, ruling 
out potential item order effects (see Figure S3).

TA B L E  3   Regression estimates of frame-specific self-concept ratings in math predicting non-referenced self-concept ratings in math

Grade level

1 2 3 4 5 6 7 8 9 10 11 12

Internal self-
concept 
Cohort 1

.13** .09** .15*** .23*** .28***

External self-
concept 
Cohort 1

.34*** .38*** .45*** .53*** .53***

Internal self-
concept 
Cohort 2

.11*** .14*** .19*** .22*** .27***

External self-
concept 
Cohort 2

.46*** .35*** .51*** .46*** .55***

Internal self-
concept 
Cohort 3

.15*** .20*** .21*** .25*** .30***

External self-
concept 
Cohort 3

.51*** .45*** .48*** .55*** .55***

Note: Blank = no data for analysis; internal = internally referenced; external = externally referenced. For each time point, both internally and externally referenced 
self-concept ratings were entered in one regression model.

**p < .01.; ***p < .001.

F I G U R E  3   Regression estimates of frame-specific self-concept ratings predicting non-referenced self-concept ratings in math (left panel) 
and language (right panel). External, externally referenced; internal, internally referenced. For each time point, both internal and external self-
concepts were entered in one regression model.
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Regarding the synchronous correlations between ex-
ternally referenced math and language items (Model C 
in Figure  2), we found small and consistently positive 
correlations across all grade levels and in all cohorts. In 
contrast, the correlations between internally referenced 
math and verbal items shifted from positive to negative 
over time and across cohorts (Model D in Figure 2). For 
first- and second-graders, the estimated synchronous 
associations between internally referenced math and 
language ability self-concepts were positive or near-zero 
(standardized: ρ =  [−.04, .09]). In Grade 3, the correla-
tions between students' internally referenced math and 
language ability self-concepts became negative (stan-
dardized: ρ  =  [−.28, −.25]). As shown in Figure  4 and 
Table S6, there is a decline in the correlations between 
internally referenced items (i.e., an increase in the mag-
nitude of the negative correlation) over the school years. 
These patterns are robust across cohorts as synchronous 
associations did not differ across cohorts for children in 
the same grades (see Table S5).

The different patterns in the results of the correlations 
between Model C and Model D indicate that externally 
and internally referenced items are capturing distinct 
developmental processes. They may also indicate that 
the decline in the correlations in Model D is not due to 
a measurement artifact that could have resulted, for in-
stance, from young students having difficulty interpret-
ing the items. In other words, if children have difficulty 
distinguishing between externally and internally refer-
enced items, the patterns of results for Models C and D 
should be similar, which is not the case.

To interpret the age-related changes in the correla-
tions between students' internally referenced math and 
language self-concepts, we illustrated all response pat-
terns in the data in Figure 5. Younger students were far 
more likely than older students (e.g., beyond Grade 3) to 
rate themselves high in both math and language when 
being asked to use dimensional comparisons. As they 
grew older, students became more likely to rate them-
selves high in one domain but low in the other, suggest-
ing that an increasing number of students perceived 
that they had relative strengths and weaknesses across 
domains.

DISCUSSION

Our study is the first in the literature to directly chart 
the changes in students' use of dimensional compari-
sons in self-evaluations of math and verbal abilities 
from Grades 1 to 12. Moreover, we provide evidence 
that the changes in students' use of dimensional com-
parisons largely drive the increasing differentiation of 
math and verbal self-concepts over time. Specifically, 
we found that the variances of ability self-concepts 
explained by dimensional comparisons increase over 
time, after controlling for social comparisons. In ad-
dition, we observed a decline in the correlations be-
tween math and language ability self-concepts over 
time, when the items explicitly asked students to evalu-
ate their abilities based on dimensional comparisons. 
Our results are consistent with previous meta-analyses, 

TA B L E  4   Regression estimates of frame-specific self-concept ratings in language predicting non-referenced self-concept ratings in 
language

Grade level

1 2 3 4 5 6 7 8 9 10 11 12

Internal self-
concept 
Cohort 1

.18*** .21*** .28*** .32*** .37***

External self-
concept 
Cohort 1

.38*** .25*** .29*** .51*** .56***

Internal self-
concept 
Cohort 2

.16*** .29*** .26*** .23*** .32***

External self-
concept 
Cohort 2

.45*** .33*** .42*** .59*** .46***

Internal self-
concept 
Cohort 3

.24*** .19*** .24*** .33*** .35***

External self-
concept 
Cohort 3

.49*** .53*** .43*** .57*** .46***

Note: Blank = no data for analysis; internal = internally referenced; external = externally referenced. For each time point, both internally and externally referenced 
self-concept ratings were entered in one regression model.

***p < .001.
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F I G U R E  4   Correlations between math and language ability self-concepts. External, externally referenced; internal, internally referenced; 
non, non-referenced. The estimates in the figure are from the structural equation models that constrain the covariances between variables 
of interest for the same grade across different cohorts to be the same (i.e., Models B2, C2 and D2 in Table S5). 

F I G U R E  5   Weighted scatterplots of the correlations between math and language internal ability self-concepts (i.e., self-evaluations based 
on dimensional comparisons). The top panel is for Cohort 1, the middle panel is for Cohort 2, and the bottom panel is for Cohort 3. The size of 
a solid circle reflects the number of participants. Internal, internally referenced.
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which suggested that there is an upward trend in dimen-
sional comparison effects over time (Möller et al., 2020) 
and a flip in the correlation between students' math and 
verbal self-concepts during the adolescent years (Wan 
et al., 2021).

Changes in students' use of dimensional 
comparisons in ability self-evaluations

We find evidence for increases in children's use of di-
mensional comparisons to form math and verbal ability 
self-concepts. Given prior evidence that dimensional 
comparison effects are stronger among secondary 
schoolers than among elementary schoolers (Möller 
et al.,  2020; Wan et al.,  2021), this finding is consist-
ent with our expectations. There are several possible 
reasons for the increases. First, based on their cogni-
tive development and the low availability of external, 
normative information about student ability, students 
in the early school years may not be ready to make di-
mensional comparisons. Harter (2012) concluded that 
it is until the ages of 8–10 years old (Grades 2–4) that 
children start to realize that one's self-attributes can 
be both positive and negative. Younger children often 
showed all-or-none thinking, for instance, believing 
that one is “all good” at different age-appropriate 
skills. Consistent with this observation, our results 
showed that the students reported more positive self-
evaluations (i.e., higher means) for their math and 
reading ability self-concepts in Grades 1–4 than in 
later school years (see Table S1). Mac Iver (1987) found 
that the frequency of grades provided in the math 
classroom is associated with students' heavy reliance 
on dimensional comparisons during math ability self-
assessments in Grades 5 and 6. Thus, the increases in 
normative evaluations over the school years may both 
facilitate and prompt dimensional comparisons.

Second, older students may be more motivated to use 
dimensional comparisons. One type of motivation is self-
differentiation motivation, that is, students' motivation 
to identify their strengths and weaknesses across various 
domains (Wolff, Helm, & Möller, 2018). Students are pro-
vided with more opportunities to make choices and are 
expected to specialize in certain domains in later school 
years. Thus, older students might be more motivated to en-
gage in dimensional comparisons and rely on dimensional 
comparative information to form their ability self-concepts 
and support their decision-making for important choices 
such as which course to enroll in or which college major 
and career path to pursue. Another type of motivation for 
dimensional comparisons is self-protection. As normative 
evaluations and social comparison information increase 
over time, so does the negative impact of social compari-
sons on students' self-esteem (Harter, 2012). Accordingly, 
students' may use dimensional comparisons as a means 

to protect and enhance their self-images by shifting their 
attention to domains in which they perceive comparative 
strengths. Indeed, Möller and Husemann  (2006) found 
that students use dimensional comparisons as a means to 
improve their mood.

Dimensional comparisons and increasing 
differentiation of students' math and verbal 
ability self-concepts

Recent meta-analytic studies suggest that students' 
math and verbal self-concepts become increasingly dif-
ferentiated as students grow older (Möller et al., 2020; 
Wan et al.,  2021). Consistent with this finding, our 
results showed that the correlations between non-
referenced math and verbal self-concepts decreased 
over time. Furthermore, we identified different pat-
terns of age-related changes in the correlations between 
students' math and verbal self-concepts when students 
were explicitly prompted to use either dimensional or 
social comparisons, or when no explicit internal or ex-
ternal reference point was provided. While the correla-
tions between externally referenced math and language 
ability self-evaluations were small and consistently 
positive over the school years, the corresponding cor-
relations between internally referenced math and lan-
guage self-evaluations were mostly negative and the 
magnitude of the negative associations increased in 
the later school years. Previous cross-sectional studies 
(Dickhäuser, 2005; Marsh & Yeung, 2001; Wolff, Helm, 
Zimmermann, et al.,  2018) reported positive correla-
tions between externally referenced math and language 
ability self-evaluations and negative correlations be-
tween internally referenced self-evaluations. Our study 
expands upon this prior evidence by presenting a longi-
tudinal analysis of developmental changes in these as-
sociations over a 12-year period.

Comparing the different patterns of age-related 
change in the correlations between students' math and 
verbal self-concepts (Figure 4) suggests that the increase 
in students' use of dimensional comparisons plays a major 
role in the increasing differentiation in students' math 
and verbal self-concepts across Grades 1–12. Because 
the correlations between students' math and language 
achievements are strong and consistently positive over 
time (Möller et al., 2009, 2020), alternative explanations 
such as changes in the subject content similarity between 
math and language arts are insufficient. Furthermore, we 
show different developmental patterns for students' use of 
dimensional versus social comparisons. Thus, our study 
provides evidence that there is an increasing differentia-
tion of math and language self-concepts at the group level 
because, as they grow older, more and more students start 
to perceive themselves as being better at one particular 
domain (here: math or verbal) than at others.
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Limitations and future directions

A potential shortcoming of the present study is that the 
measurements used to operationalize dimensional and so-
cial comparison processes were each assessed with a single 
item, which can limit these measures' content validity and 
reliability. However, single items often do provide valid 
and reliable assessments of psychological phenomena such 
as academic self-concepts and values (Beymer et al., 2021; 
Gogol et al., 2014; for an overview, see Allen et al., 2022). 
In this study, we address concerns regarding the reliability 
and validity of our single-item assessments in three ways. 
First, we validated these items by relating them to teachers' 
ratings of students' math and reading aptitude. Our results 
suggest good criterion validity for these single items (i.e., 
the dimensional comparison effects are larger for inter-
nally referenced items than for externally referenced ones; 
see the Preliminary Analyses section in Results). Second, 
these analyses replicate prior research on the effects of di-
mensional comparisons, which used multi-item scales and 
relied on a path-analytic approach (Möller et al.,  2020). 
Third, we implemented measurement error corrections 
for single-item scales, as proposed by Anderson and 
Gerbing (1988). Our findings were consistent after imple-
menting these measurement error corrections.

Another limitation is that internally referenced items 
asked students to use dimensional comparisons by com-
paring their math or verbal ability with “other subjects.” 
Accordingly, when students answer these questions, they 
may think of subjects other than math and language arts, for 
instance, such subjects as sports and science. If this is indeed 
the case, our analyses might be underestimating the magni-
tude of the negative correlations between internally refer-
enced items for older students because there are more school 
subjects in later school years. These correlations might be 
even more negative for items that elicit a comparison only 
between math and language domains (Dickhäuser,  2005; 
Müller-Kalthoff, Helm, et al.,  2017; Wolff,  2020; Wolff, 
Helm, Zimmermann, et al., 2018). However, our hypothe-
sis would still be supported. Therefore, we believe that our 
conclusions are likely to hold true across these different op-
erationalizations of internally referenced items.

Due to the design of this study, there are several other 
limitations. For example, we are not able to test whether 
the order of internally and externally referenced items 
might influence the results. To fully control for poten-
tial order effects, future studies would need to vary the 
presentation order within each measurement point. The 
current design also does not allow us to rule out the ef-
fect of changing from reading self-concept to English 
self-concept when students became older on the results. 
Nevertheless, our finding is aligned with studies that 
consistently used “reading” (Gunderson et al., 2017) or 
“German” (Wolff et al., 2020) as the verbal domain for all 
age groups. These studies reported a decline in the cor-
relation between math and verbal self-concepts from ele-
mentary to secondary school using non-referenced items.

Finally, the sample in our data is primarily white and 
lower-middle to middle class. More longitudinal studies 
with more diverse samples are thus needed. The data we 
used in the analyses were collected between 1987 and 
1996. Developmental patterns may have changed across 
different time periods, although we do not have a strong 
theory for the nature or directions of such changes.

CONCLUSIONS

Our study is the first to chart the changes in students' 
use of dimensional comparisons to form their ability 
self-concepts in Grades 1 through 12 by explicitly ask-
ing students to make self-evaluations based on dimen-
sional comparisons. Our findings also suggest that the 
increase in students' use of dimensional comparisons 
largely drives the increasing differentiation of students' 
math and verbal self-concepts over time. Students' use of 
social comparisons shows a different developmental pat-
tern that is unlikely to drive the differentiation processes 
in students' ability self-concepts. Finally, researchers 
should carefully consider the most appropriate wording 
for their assessments of students' ability self-concepts, as 
internally versus externally referenced items are likely to 
capture different developmental processes.
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