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Abstract

Previous studies have associated several variables concerning motivation and other
domains with underachievement, i. e. a student’s academic achievement falling short
of what their cognitive abilities, as the best predictor of academic performance,
would indicate. The present study extends these findings using a more rigorous
approach in defining underachievers and suitable control groups. Using discriminant
analysis, underachievers identified in a German twin family study were compared
not only to achievers with comparable IQ scores, but also with students of lower
aptitude, but comparably low grades, as well as overachieving students. Results con-
firm previous findings that compared to successful students, underachievers report
lower levels of motivation and parental support; beyond this comparison, undera-
chievers also differed from other low achievers, mostly in terms of their personality.
In total, 40% of the variance between the groups were explained. Additionally, the
data shed doubt on the common assumption that underachievers are an unusually
heterogenous group of students.

Keywords Underachievement - Academic achievement - Personality - Motivation -
Discriminant analysis

1 Introduction

1.1 General background

General intelligence has long been known as a major predictor of academic

achievement (Sternberg, Grigorenko & Bundy, 2001), with a recent meta-anal-
ysis reporting a median correlation of 0.54 (Roth et al., 2015). Yet even this
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substantial predictive validity, which was corrected for sampling error, error of
measurement and range restriction, implies that about three quarters of the vari-
ance in the outcome are still left unexplained. A substantial body of research has
therefore attempted to uncover other predictors of educational attainment.

There are several approaches to this question. Schneider and Preckel (2017)
reported effect sizes for more than 100 predictors in a synthesis of meta-anal-
yses, integrating about 3300 single findings. While the resulting ,,ranking® can
hardly be taken literally as the interrelatedness between predictors is not taken
into account, it illustrates clearly that influences on students’ grades range across
a variety of domains, such as personal traits, school variables, parental behavior,
peers, etc.

Other studies have therefore attempted to investigate which of the variables in
this heterogenous mix really matter. A straightforward approach for identifying pre-
dictors that matter beyond intelligence is to simply control for candidate variables
statistically. Different constructs have been found to show some incremental validity,
including traits like conscientiousness (Rimfeld et al., 2016), self-efficacy (Stankov
& Lee, 2014) and self-control (Duckworth et al., 2012).

Underachievement research asks a similar, but not identical question to address
some of the 75% of unexplained variance left by IQ. It focuses on those individuals
for whom IQ turns out to be off the mark in predicting achievement. With a less than
perfect correlation between 1Q and achievement, it is self-evident that there will nec-
essarily be a certain proportion of individual cases in which the actual outcome will
differ substantially from the predicted one. Some students will receive very good
grades despite unassuming scores on general intelligence tests; some students will
show above-average cognitive abilities when tested, but not do as well in school.
These latter students have been termed "underachievers" in educational psychol-
ogy, and in particular in giftedness research (for an overview, see Reis & McCoach,
2000).

By focusing on the subgroup of students in which the best overall predictor of
academic success is notably off the mark, this approach attempts to further qualify
the more general findings cited above since validity coefficients obtained in a larger
population do not necessarily translate into every student’s individual achievement
history. The question that underachievement research asks could thus be phrased as:
In the unusual case that it is not (low) IQ that explains a case of low achievement,
what can explain it? It is not a given that factors known to be incrementally valid in
general are the same that are at work in these “extreme” cases.

Previous studies have yielded a diverse range of findings on underachievement
(see below). Its reverse case of overachievement has also been studied, albeit to a
much lesser extent (Sparfeldt, Buch & Rost, 2010)—it might simply be a less pressing
issue; also note that if a good IQ test result is used as a benchmark which the aca-
demic achievement of underachieving students is said to fall short of, you might just
as well ask the reverse question for apparent “overachievers”: why did their 1Q test
performance fall short of what they achieve in school? Considering that grades are
an aggregated measure of performance throughout a school year, a comparatively
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low result on a single IQ test might often be a fluke, resulting from random factors
on that single test occasion.

However, there are two issues in the conceptual and statistical approaches widely
used in these studies that, in our view, entail validity problems: Underachievers are
rarely compared to other low achievers, making it unclear whether their character-
istics are actually specific to achieving lower than expected; and the most widely
used approach to operationalize underachievement leads to questionable selections.
This study is aimed at testing and extending previous findings on underachievement
while addressing these issues.

1.2 Operationalizing underachievement

In attempting to operationalizing underachievement, researchers have taken sev-
eral different approaches with different implications (Lau & Chan, 2001). Numer-
ous authors stress the fact that there is no consensus on how to conceptualize and
measure underachievement (e. g., Hoover-Schultz, 2005; Plewis, 1991; Preckel
et al., 2006). The definition of underachievement provided by Reis and McCoach
(2000), according to which underachievers are “students who exhibit a severe dis-
crepancy between expected achievement (as measured by standardized achievement
test scores or cognitive or intellectual ability assessments) and actual achievement
(as measured by class grades and teacher evaluations)“ (p. 157), can be seen as com-
mon ground, but it leaves much room for different approaches in defining a “severe
discrepancy”. We will therefore describe the approach that seems most rigorous and
valid to us.

Much of the previous literature adopted either the difference method or the regres-
sion method (s. Lau & Chan, 2001) to compare standardized measures of cognitive
abilities and achievement scores—either by substracting them from one another or, in
order to avoid regression to the mean (s. Cone & Wilson, 1981), by calculating the
residuals in a regression of the achievement measure on the aptitude measure. The
resulting difference or residuals are then interpreted as reflecting underachievement,
and a cut-off is defined to select the most substantial cases. As a more recent, refined
implementation of this rationale, Rasch models have been used, e. g. by Phillipson
(2008). A different method, the absolute split approach, identifies underachiev-
ers categorically by defining cut-offs for low and high IQ as well as low and high
grades, with the combination of high IQ and low grades representing underachieve-
ment. This approach might seem unfavorable at first glance because it dichotomizes
the data and thereby discards some of the variance, but there are several advantages
to it.

First of all, discarding some of the variance is not necessarily unwelcome. As
alluded to in the introduction, the premise of underachievement research is to find
out which (possibly unique) processes can explain those cases in which IQ as the

! As far as overt difficulties in administering the test are concerned, IQ results are excluded from analy-
ses in TwinLife for those cases where interviewers reported any issues, thereby reducing the likelihood
of 1Q results not reflecting actual abilites.
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Table 1 Framework of the absolute split approach for defining underachievement and corresponding
comparison groups

High IQ Average 1Q Low IQ
High grades (Expected) high achievers unselected Overachievers
Average grades unselected unselected unselected
Low grades Underachievers unselected (Expected) low achievers

most important predictor and academic achievement as the criterion do not align—in
other words, extreme cases. The large middle ground of students who technically
under- and overachieve to a small degree is not only of little interest in practice and
hardly interpretable; these cases are also very prone to emerging simply due to ran-
dom error variance, as the residuals in the regression method result from combining
two variables with less than perfect reliability, making them rather noisy in a statisti-
cal sense (Zieger et al., 2012).

Second, the absolute split approach reflects a clear-cut definition of underachieve-
ment. As Hanses and Rost (1998) point out, this is questionable when using the
regression approach, as it subsumes very different cases of partially unclear validity
under the label of underachievement: it will ,,diagnose* underachievement in many
cases where the actual grades are just fine—but the student would have been expected
to achieve even better results. While it can certainly be argued that this outcome
might be a disappointment for the gifted student, we follow Sparfeldt, Schilling and
Rost (1996) in reasoning that it would be dubious to use one and the same label
for these students as for those whose unexpectedly low grades are actually critically
low, and that an upper bound on grades is therefore advisable. Similarly, a lower
bound for IQ is also advisable because it would be equally debatable to include stu-
dents in the category of underachievement who were not expected to do all that well
in the first place (such a lower bound is in place in most studies as they focused on
gifted students). The absolute split method thereby focuses on those cases where
there can be little disagreement about their validity (barring the possibility that they
might have resulted from error variance): instances of underachievement are cases
of academic failure (or being on the brink of failure) by students who score clearly
above average in cognitive abilities. Note that such dramatic cases will be rarer in
populations where the ability criterion and the achievement outcome are highly cor-
related; the regression method with 1 SD as the critical difference will, implausibly,
always select about 15% of students as underachievers, regardless of whether 1Q and
grades correlate at 0.2 or at 0.7 (Plewis, 1991).2

2 To illustrate, imagine a fictitious population where a person’s cognitive abilities and their academic
achievement are highly correlated because all factors that can hinder a student to make full use of their
abilities have been eliminated. As long as the correlation is not exactly 1, the regression method will still
identify 15% of students as underachievers and thus suggest that the issue persists; in fact, such a misun-
derstanding can sometimes be found in the literature (e. g., Figg, Rogers, McCormick and Low, 2012)
when it is suggested that underachievement ,rates" have stayed at an alarmingly high level, when this is
in fact simply inevitable under the most prevalent definition, as pointed out by McCall (1994).
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Using the absolute split method offers the additional advantage of yielding con-
venient comparison groups (see Table 1): While the combination of high IQ and low
grades represents underachievement, there are also groups combining high IQ and
high grades (high achievers), low 1Q and low grades (low achievers) and low IQ and
high grades (overachievers).

This allows us to contrast underachievers with similar students differing either
in grades or in IQ. Previous research mostly undertook only the first of these com-
parisons (i. e., the left column in Table 1) by focusing on gifted students and then
contrasting underachievers with high achievers within this group, defined by the
regression approach. This, of course, ensures that characteristics found in undera-
chievers are not confounded with IQ (White et al., 2018). However, as McCall and
Lau (2000) pointed out, this leaves a similar issue unresolved—,,virtually all of
the research (...) confounds these correlates with poor grades “ (p. 787). In conse-
quence, it remains unclear whether differences between achieving and underachiev-
ing smart students are actually attributable to underachievement rather than to low
achievement in general. Low academic self-concept, for example, might generally
be prevalent among students who receive bad grades — they might, almost trivially,
simply report this lack of success when asked about their academic self-concept.

Comparing underachievers simultaneously in both directions — contrasting them
to other smart students as well as other unsuccessful students — therefore seems nec-
essary to identify which variables typically associated with underachievement, such
as low academic self-concept, are actually specific to it. Using the label “undera-
chievement” in research and in practice implies that these students are in some way
different from low achievers in general, but this assumption has hardly been tested
empirically. To our knowledge, only two studies have addressed the confounding
of underachievement research results by grades, even though McCoach and Siegle
(2003) mentioned it as a suggestion for future research. McCall and Lau (2000)
did so by comparing underachievers to non-underachievers while using grades as a
covariate, but underachievement was defined by the regression approach, incurring
the aforementioned issue of subsuming very different cases under one label. Hanses
and Rost (1998) included several groups in their analysis and were thereby partly
able to differentiate the results along grades and IQ, but their comparison groups
included average achievers rather than low achievers. Other studies included non-
gifted students as a control group, but did not differentiate them by grades (e. g.,
Vlahovic-Stetic, Vidosic and Arambasic, 1999; Dixon et al., 2006).

1.3 Empirical background

The research detailing the differences between underachievers and other stu-
dents—usually gifted achievers—is diverse and sometimes contradictory (Peterson &
Colangelo, 1996; Reis & McCoach, 2000; White et al., 2018) to such an extent that
Figg, Rogers, McCornick, and Low (2012) conclude that there is ,,very little, if any,
consensus on any answers® (p. 54).

Some longitudinal research gives credence to the belief that the basic premise
of underachievement research is valid: it is not mainly error variance that studies
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are trying to explain; underachievement is a meaningful phenomenon with a pos-
sibly lasting impact. In other words, temporary underachievement does not sim-
ply “regress to the mean” in most cases, as one would expect if the discrepancies
between grades and cognitive abilities were entirely the result of measurement error.
For example, Colangelo, Kerr, Christensen and Maxey (1993) reported lower col-
lege admission test scores for high-school underachievers (although to a lesser extent
than their underachievement would have suggested, indicating that some regression
the mean did occur). Studies by Johnson et al. (2006) and Peterson (2000) also indi-
cate that at least some cases of underachievement persist longitudinally. On the other
hand, all of these results also demonstrate that underachievement is clearly not an
irreversible “condition”, as many students get back on track later on (see also Uno,
Mortimer, Kim & Vuolo, 2010). Support from family and peers, as well as persis-
tence in setting ambitious goals despite the difficulties, appear to be crucial factors
for this to happen (Peterson, 2000; Hwang et al., 2014; McCall, 1994), making it
all the more important to recognize underachievement as such and not mistake it
for an unalterable lack of ability. This is not a trivial task: Rost and Hanses (1997)
found that teachers in their study could not identify underachieving students in their
classes very well; in a more recent study, teachers had only a moderately accurate
impression of their students’ attitudes towards school—in particular, they often
underestimated their students’ goal valuation (Siegle et al., 2020).

There is no clear overall picture on what determines underachievement, partly
due to a relative paucity of comparable studies (White et al., 2018). Different pro-
cedural explanations for the development of underachievement have been suggested
(e.g., Snyder & Linnenbrink-Garcia, 2013), but the empirical basis for them is
scarce. The same is true for various “typologies” of underachievement suggested by
practitioners (see Reis & McCoach, 2000). Nothing demonstrates this need for clari-
fication better than the fact that interventions aiming to reduce underachievement
have so far met with limited success overall, according to a recent meta-analysis
(Steenbergen-Hu et al., 2020).

In the current study, we focus on two particular domains: motivation and
personality.

1.3.1 Motivation

Motivational variables are at the core of one of the few theoretical models that
attempt to provide a general explanation for at least some cases of underachieve-
ment. The Achievement Orientation Model (or AOM; Siegle et al., 2017), which is
based on existing theories of motivation, hypothesizes that students’ motivational
attitudes toward achievement serve as a necessary link between their abilities and
actual success. In particular, (gifted) students need to believe that trying to be suc-
cessful is a worthwhile goal (goal valuation); they need to believe in their ability to
do so (self-efficacy); and they need to feel supported in their efforts by their environ-
ment, such as parents or teachers (environmental perceptions). The AOM presumes
that these components cannot compensate for each other: each of them needs to be
fulfilled at least to a minimal degree for the student to be successful. If this moti-
vational basis is present, a behavioral component summarized as self-regulation is
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further necessary to successfully put the motivation to succeed into practice; if the
student does not know how to learn effectively, for example, their abilities and moti-
vation will not translate into success.

It has repeatedly been found that the constructs referred to in the AOM are
implicated in underachievement in the sense that compared (only) to high achiev-
ers, underachievers report lower academic self-concept, goal orientation and sup-
port from their parents (Balduf, 2009; Landis & Reschly, 2013; McCoach & Sie-
gle, 2003; Mofield & Parker Peters, 2019; Vlahovic-Stetic et al., 1999; White et al.,
2018). The AOM’s other notion—that motivation must be complemented by skills
and strategies that enable make it possible to learn efficiently—is also supported by
empirical evidence. Hyperactivity and other kinds of dysfunctional behavior is an
antecedent to underachievement in kids (as well as a consequence of it; Hinshaw,
1992). Castejon, Gilar, Veas & Mifiano (2016) found lower use of several kinds of
learning strategies among underachieving students. Students may be well aware of
this, as a majority of underachieving gifted students in Colangelo et al.’s (1993)
study stated they needed to improve their learning strategies (as opposed to just 15%
of high achieving students; furthermore, this difference was somewhat specific, as
no such gap appeared on questions asking whether students needed help with educa-
tional plans or with personal problems). The finding that learning strategies mediate
the association between parental support and achievement is also in line with the
AOM (Veas, Castejon, O’Reilly & Ziegler, 2018). Direct tests of the model have
also provided support for it (Ritchotte, Matthews & Flowers, 2014; Rubenstein et al.,
2012). In-depth interviews with a small sample of gifted students confirmed that the
constructs in the AOM are subjectively important for these students as well (Bar-
bier, Donsche & Verschueren, 2019). The motivational variables used in the current
study do not match these components so exactly as to constitute a direct test of the
AOM, but they do represent the variety of motivational components summarized in
the model. Furthermore, we tested whether it is true that these components cannot
compensate for one another, as this assumption of the AOM currently lacks empiri-
cal validation.?

1.3.2 Personality

We chose the Big 5 personality variables (Costa & McCrae, 1992) as another
branch of predictors because there is surprisingly little empirical research on how
underachievers differ (or do not differ) from other students in this major domain
of interindividual differences. In general, the Big Five do not show uniform effects
on academic achievement, with the exception of a small positive association with
conscientiousness (O’Connor & Paunonen, 2007); since most underachievement
research compares underachievers with high achievers only and thus basically
looks for correlations with achievement (within the group of high-1Q students), this

3 Ritchotte et al. (2014) reported support for it, but the test they reported just reiterated the main effect
of the motivational components; it did not test for compensation, which concerns the interaction between
the components.
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overall null correlation might have led researchers to regard the Big Five as an unat-
tractive object of study. However, the question remains whether the general null
results can be extrapolated to the particular subgroup of underachievers, especially
under the framework of the present study. The findings that do exist, as listed in Reis
and McCoach (2000)’s review, are diverse and contradictory; almost no studies have
since helped to clarify the situation, with the exception of Preckel and colleagues
(2006) who reported that underachievers displayed lower conscientiousness; they
did not report testing the other Big Five dimensions.

It is often stressed that underachievers are a very heterogenous group (Siegle,
2018). This might be one explanation for the diversity of findings on the topic, but
it might also partly be due to the different empirical approaches. However, to our
knowledge, McCoach and Siegle’s (2003) finding of larger variances in a group of
underachievers than in a group of high achievers (concerning motivational attitudes)
as well as a rather qualitative finding by Smith (2007) constitute the only reported
evidence of the conjured larger heterogeneity of underachievers in contrast to other
groups. We therefore tested whether such a pattern held in our sample as well.

2 Materials and methods

The present study drew on a large sample collected in TwinLife, a panel study that
surveys pairs of twins as well as their extended families in Germany, with a focus
on following and explaining different life courses (for an overview, see Monkediek
et al., 2016). The sample is mostly representative for the German population,
although families with higher socio-economic status are somewhat overrepresented
(Lang & Kottwitz, 2017). Data from the first two data collection phases are available
as scientific use files via the GESIS data archive (https://doi.org/10.4232/1.13208).

As one aspect of tracking a person’s road to success in life, TwinLife includes
a number of motivational and environmental variables pertaining to academic suc-
cess. Some of these self-report scales were used as approximations of the AOM
constructs in this study: learning valuation (meant to resemble goal valuation in the
AOM); self-efficacy and academic self-concept (self-efficacy in the AOM); and par-
enting style (reported by the children), which consisted of scales measuring paren-
tal support, autonomy and control (environmental perceptions). TwinLife did not
include a direct measure of self-regulation in the first data wave (which was used
here); our proxy for successful (or unsuccessful, rather) self-regulatory behavior
necessary as a further link to academic achievement according to the AOM therefore
was hyperactivity (a subscale of measuring externalizing behavior).

After four joint years of elementary school, Germany’s school system is stratified,
with grammar schools (Gymnasium) being the highest level in the sense that the
degree obtainable in these schools (Abitur) is a prerequisite for studying at a Ger-
man university and the most valuable for the labour market. This creates an issue
when trying to study underachievement: A student can be successful or unsuccessful
in terms of better or worse grades within the school that they attend, but educational
attainment in the long run is also characterized by what level of school the student
attends in the first place (see Uhlig, Solga & Schupp, 2009, whose study looks at
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underachievement through this alternative perspective). As the latter variable (the
different school levels in the stratified system) constitutes merely an ordinal scale,
a reliable metric to compare good grades in a lower-level school to bad grades in
grammar school is not feasible. The analysis was therefore restricted to over- and
underachievement within grammar schools. Students’ grades were collected by pho-
tographing the most recent report card (these are issued twice a year). If taking a
photo was not possible or not agreed to, parents were asked to provide the grades
for German and Math (this was the case for only about 1% of the sample). When
analyzing German school grades, it is common practice to only gather data for the
subjects of German and Math, as these are the only two subjects that are taught in
virtually every school. This procedure was followed in the present study as well;
when report cards were not available, parents were asked to report (only) on these
two subjects. All report cards dated from the same year as the general survey used
for the other variables, and students were excluded from the sample if they were no
longer attending school at the time of the survey (e.g., their most recent report card
was their final one). With these restrictions, a total of 612 students (324 female;
mean age = 14.6 years, SD=2.8) remained in the sample. They came from 377 dif-
ferent families and included 103 complete monozygotic (MZ) pairs, 104 dizigotic
(DZ) pairs, 36 twins from incomplete MZ pairs (because their co-twin did not attend
a gymnasium school, for example); 75 twins from incomplete DZ pairs, and 87 sib-
lings of twins.

General intelligence was measured using a short version of the Culture Fair Test,
or CFT (Weil & Osterland, 2012), administered via computer and consisting of four
subtests measuring reasoning, figural reasoning, figural classification and matrices.
It is a frequently used (s. Kuhn, Holling & Freund, 2008) test aiming to measure
fluid intelligence (i. e., capability of solving problems and processing complex infor-
mation, Cattell, 1963) through tasks that are designed to be as “culturally fair” as
possible in that they rely on basic, universal contents such as geometric patterns, as
opposed to specific knowledge that depends more strongly on an individual’s cul-
ture and language. A factor analysis of the four scales yielded a clear unifactorial
solution. Factor scores were used as an overall index of cognitive ability (although
this did not really make a difference as they were very highly correlated with sim-
ple sum scores). Great care was taken to exclude (possibly) invalid cases by hav-
ing home interviewers note any irregularities as well as by having two independent
raters judge all cases with suspicious data patterns, i. e. subtests diverging strongly
from one another; for further details, see Gottschling (2017).

Both variables (grades as well as cognitive test scores) were standardized by age
and sex (as is recommended when using twin data; McGue & Bouchard, 1984).4

* Tt was also checked whether grade averages differed substantially across Germany’s 16 federal states;
while statistically significant, the differences were small enough in effect size, with n>=0.053, that stand-
ardizing grades by state was deemed likely to be spurious rather than helpful: some small states were
only represented by a handful of students and it is unknown whether the differences are even attributable
to unwelcome method variance.
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The instruments used in TwinLife to measure the predictor variables in this study
are as follows. Self-efficacy, learning motivation and academic self-concept were
measured using existing German-language short scales (Beierlein, Kovaleva, Kem-
per & Rammstedt, 2012 for self-efficacy; Spinath et al., 2002, for learning motiva-
tion; Dickhiduser, Schone, Spinath & Stiensmeier-Pelster, 2002, for academic self-
concept). Cronbach’s alpha coefficients in our sample were 0.71, 0.70 and 0.72,
respectively. Sample items include “I can rely on my own abilities in difficult situa-
tions” for self-efficacy and “In school, I want to learn as much as possible” for learn-
ing motivation. Participants indicated how well these statements described them
on a five-point scale ranging from “doesn’t apply at all” to “applies exactly”. For
academic-self concept, children were asked to complete an item such as “I am ... for
school” with options ranging from, for example, “not talented” to “very talented”.

Parenting style was adapted from Spinath and Wolf (2006) and measured parental
support, parental autonomy and parental control with three items each; these sub-
scales reached reliabilities between 0.68 and 0.79. Participants indicated the extent
of their agreement to statements such as “My parents console me and help me when
I have problems in school” (support), “When my parents help me with my studies
they encourage me to find the solution myself” (autonomy) and “When I get a poor
grade, my parents complain and demand that I work harder” (control).

Hyperactivity was part of a scale on externalizing behavior adapted from Good-
man et al. (1998). Cronbach’s alpha for the five items was 0.72. An example item is
“I am easily distracted, I find it difficult to concentrate”. The Big Five personality
subscales of extraversion, neuroticism, agreeableness, openness to experience and
conscientiousness were assessed using the Big-Five Inventory SOEP (s. Gerlitz &
Schupp, 2005). Participants were asked to indicate how strongly (on a 7-point scale
in this case) they agreed to statements about themselves, all of which began “I see
myself as someone who...” and then mentioned various traits typical for each of the
five factors, e. g., ““...worries a lot” for neuroticism or “...tends to be lazy” for (low)
conscientiousness. These mini scales with 3—4 items each achieved Cronbach’s
alphas ranging from 0.55 to 0.74.

Data were collected through home visits by trained interviewers. Because of
the somewhat sensitive topics, most of these measures were assessed through self-
administered computerized testing; for learning motivation and academic self-
concept, however, the interviewers asked the questions directly and recorded the
answers. More detailed information, including all of the items, is available from the
TwinLife Scales Manual (Baum, Klatzka, Iser & Hahn, 2020).

As explained in the introductory section, students were classified as expected
low and high achievers or as unexpected low and high achievers (i.e., under- and
overachievers) by selecting those students who combined a notably above- or below-
average IQ with above- or below-average grades. Of course, specifying the cut-
off for "notably" above or below-average scores is an arbitrary choice; there is a
tradeoff between the sample size that is retained after the selection and the validity
and significance of the cases. Too lax a criterion will result in more spurious cases
due to error variance, as well as cases that can technically be termed, for exam-
ple, underachievement, but do not actually represent severe difficulties in school (see
Sect. 1.2). Cutting off both the standardized intelligence scores and the standardized
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grade averages derived earlier at Z values of 0.5 above and below the mean resulted
in a reasonable balance between sample size and validity concerns (see below).
Additionally, although defining cutoffs is in principle an arbitrary decision, school
grades do offer some reference points. Grades in the German school system range
from 1 to 6, with 1 being the best grade. An important cutoff lies between 4 and
5, as a grade of 4 or better "is generally required in each of the subjects that have
a bearing on promotion" (Lohmar & Eckhardt, 2014). Therefore, there can be lit-
tle doubt that a grade of 5 or 6 would definitely fall below a reasonable cutoff for
low achievement. However, these grades are so rare (about 2% of the cases in our
sample) that selecting only students with a 5 or 6 in either German or Math would
have reduced the sample size drastically. In fact, the distribution of grades is skewed
towards good grades so strongly that a few students were classified as underachiev-
ers or low achievers with a cutoff of 0.5 SD while receiving a 3 ("satisfactory") in
both subjects, despite the fact that this selection was already much more restrictive
than the usual regression approach. These cases were excluded in order to ensure
that all low achievers and underachievers were at least on the brink of failing a class.
Despite our already relatively strict selection approach, there were still 9 such cases
out of originally 30 underachievers and 19 out of 82 low achievers. As far as our
German sample can be generalized, and as far as readers follow our interpretation of
,.serious* underachievement, it thus appears to be a remarkably rare phenomenon: In
total, there were 352 different students who fell either into the high IQ group or the
low achievement group, or both; the latter case, the overlap between both categories,
represents underachievement, but happened only in 21 cases out of the 352.

In total, 21 underachievers, 30 overachievers, 63 low achievers and 113 high
achievers remained after these selection procedures (the uneven distribution of low
and high achievers is partly due to the exclusion of some low achievers as mentioned
above and partly due to the categorical nature of the achievement variable). As the
sample from which these students were selected included 612 students, 63% were
not classified into any of the extreme groups as either their IQ or their grades, or
both, were more or less average. A total of 3% and 5% were identified as undera-
chievers or overachievers, respectively. Note that the usual approach of using a dif-
ference of 1 SD between standardized grades and IQ scores results in about 15%
selected cases in either direction, but, in our view, will include many cases whose
classification as practically meaningful underachievement is doubtful. That our
approach was comparatively strict can also be seen from the fact that underachievers
represented about 10% of high-1Q students in our sample; in a literature review by
White et al. (2018), this figure ranged from 9 to 28% in different studies (with differ-
ent methodologies and samples).

The 227 students came from 182 different families and included 17 complete MZ
pairs and 20 complete DZ pairs. No family included two underachievers, while three
families included two overachievers each (MZ twin pairs in two cases, siblings in
one case). The average age was 14.6 years (SD=2.8); due to the nature of the panel
study, which consisted of cohorts separated by about 6 years, a majority of students
were either 11 years old (99 cases) or 17 years old (72 cases).

Among the predictor variables used in the discriminant analysis, 2.4% of the val-
ues were missing. Little’s MCAR test, a conservative test assessing whether data
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are missing completely at random (Little, 1988), was not significant (x2=124.13,
df=104, p=0.09), indicating that it was sufficient to replace missing data using the
Expectation Maximization procedure rather than using the more complex approach
of multiple imputation (Tabachnick & Fidell, 2001).

3 Results

Table 2 displays zero-order correlations between the predictor variables within the
final sample, i. e. those students that were classified as either underachievers, overa-
chievers, or belonging to a suitable control group; descriptive statistics are shown in
Table 3, grouped by achievement category. Results of the discriminant analysis are
shown in Tables 4, 5.

Box’s M test was insignificant (Box’s M =286.8, p=0.357), indicating that the
assumption of homogeneity of covariances necessary for discriminant analysis was
not violated. The first discriminant function explained 66% of the variance (canoni-
cal R?=0.26), the second function explained 32% (canonical R*=0.14); the con-
tribution of the third function (3% of the variance, canonical R2=O.01) was insig-
nificant. Wilks’s lambda for all functions combined was A=0.63, X2 (36)=101.4,
p<0.001; over and above the first function, the other two still differentiated the
groups significantly, with A=0.85, X2 (22)=36.8, p=0.025.

The position of the group centroids on the first function suggest that it almost
exclusively separated successful students from unsuccessful ones: Underachiev-
ers (group centroid at — 0.79) were grouped together with low achievers (— 0.75),
while overachievers (0.44) and high achievers (0.45) were indistinguishable at the
other end. In other words, as far as underachievers are concerned, this function high-
lighted those variables that differentiated underachievers from successful students,
regardless of whether those are high achievers or overachievers.

The canonical correlations indicate that the successful students reported a higher
academic self-concept, higher self-efficacy, learning motivation and conscien-
tiousness; they reported less hyperactivity and a more functional style of parental
involvement (more autonomy and support, less control). Note that discriminant anal-
ysis yields two different outputs; apart from the canonical correlations, the weights
in the discriminant functions themselves indicate each variable’s unique contribu-
tion to the empirical separation of the groups. In this regard, not all of the variables
in which the two groups differed were crucial for distinguishing them (for example,
if all the other variables are known, hyperactivity has little incremental value beyond
them). Academic self-concept was the most prominent separating variable.

The group centroids of the second function indicate that, after separating success-
ful and unsuccessful students, classification can mostly be improved by contrasting
low-1Q and high-students, and in particular by contrasting underachieving students
(group centroid at — 0.73) to overachieving students (0.77). Expected low (0.25) and
high achievers (.— 21) were separated to a lesser degree, but were more similar to
the students who were in the same 1Q group as they were.

In other words, this function differentiates whether a student over- or under-
performs in terms of IQ, and it indicates which aspects are associated with
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Table 3 Group means and standard deviations for the predictor variables in the different achievement
groups

Underachievers Low achievers High achievers Overachievers

(n=21) (n=63) (n=113) (n=30)
Parental support 9.24 (2.12) 8.86 (2.74) 9.75 (2.27) 9.61 (2.71)
Parental autonomy  8.71 (2.63) 9.03 (2.61) 9.53 (2.41) 10.05 (2.37)
Parental control 471 (2.12) 4.79 (3.22) 2.99 (3.03) 2.73 (2.75)
Learning motivation 8.81 (1.83) 8.84 (1.88) 9.54 (1.61) 10.14 (1.63)
Self-efficacy 7.86 (1.93) 8.37 (2.08) 9.18 (1.50) 9.47 (1.76)
Academic self- 6.58 (0.67) 6.83 (1.33) 7.52 (1.06) 7.57(0.77)

concept

Hyperactivity 3.71 (2.05) 3.88 (2.41) 2.58(1.93) 3.05 (2.18)
Neuroticism 11.86 (4.33) 11.71 (5.11) 11.17 (4.68) 11.17 (4.01)
Extraversion 10.57 (5.04) 12.22 (4.20) 11.27 (3.67) 12.27 (3.62)
Conscientiousness  10.00 (2.92) 11.16 (2.96) 12.74 (2.82) 13.43 (3.17)
Agreeableness 13.00 (2.05) 13.56 (3.44) 13.69 (2.89) 14.57 (2.53)
Openness 17.19 (4.26) 16.06 (4.06) 17.65 (3.97) 16.43 (3.97)

Variable ranges were: 0—12 for the parental involvement variables, learning motivation, self-efficacy, and
academic self-concept; 0—10 for hyperactivity; 0—18 for E, C and A, and 0-24 for N and O

Table 4 Values of the functions

at group centroids for the two Function | Function 2

first discriminant functions Underachievers _ 79 _7
Low achievers -.75 25
High achievers 45 - .21
Overachievers 44 a7
The third discriminant function is omitted because of its lack of sig-
nificance

of each pedictor with he it Function 1 Function 2

two discriminant functions as Parental support 25 (.06) —.10(= 21)

well as (in brackets) weights in

the discriminant functions Parental autonomy 23 (—.04) .18 (.10)
Parental control — .52 (- .48) — .04 (.30)
Learning motivation 40 (.15) 22 (- .87)
Self-efficacy 48 (22) .22 (.29)
Academic self-concept 58 (.57) 12 (.19)
Hyperactivity — 47(-.03) —.22(-.25)
Neuroticism —.10 (- .26) — .01 (.20)
Extraversion —.07 (- .38) .33 (.34)
Conscientiousness .58 (.28) 31(37)
Agreeableness 13 (- .17) .26 (— .20)
Openness 22 (21) —.30(.14)
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underachievement (and its mirror image of overachievement) rather than just with
low achievement in general (as that part of the variance has already been dealt with
in the first function).

The explanatory value of this function was, while significant, rather small
(explaining 11% of the overall variance). The most substantial canonical correla-
tions were present among the Big Five variables, with underachievers reporting
lower (and overachievers higher) extraversion and conscientiousness, as well as
higher openness to experience. Motivational variables generally pointed into the
direction of a more dysfunctional pattern in underachievers (lower motivation and
belief in themselves, higher hyperactivity, less parental support), albeit with only
small coefficients.

The group means (see Table 3) offer tentative support for interpreting the results
as a meaningful pattern rather than random variance, as the group differences
emerged about equally in both directions in all of the notably contributing variables
— overachievers mirrored underachievers in their differences from the comparison
groups.

Using the discriminant functions, 45.8% percent of the cases could be classi-
fied correctly (as opposed to 25% by chance alone). However, this value dropped to
36.1% when each case was excluded from predicting itself (leave-one-out cross-clas-
sification; Molinaro et al., 2005) pointing to some likely overfitting in the results.
Using a pre-defined group size is perhaps a more realistic approach, as the expected
proportion of underachievers under a given selection criteria is known by definition;
on the other hand, this means that mostly high achievers and low achievers are pre-
dicted, not the more ,,interesting* cases of under- or overachievement. This approach
yielded a correct classification of 59.0% without and 53.3% with cross-classification.

Based on the variables used for classifications, underachievers appeared to resem-
ble (non-underachieving) low achievers (their likelihood of belonging to that group
was estimated at 26% on average) somewhat more closely than high achievers (20%).
This analysis was repeated with academic self-concept excluded because it could be
argued that underachievers resemble other low achievers simply because they have
basically stated (indirectly) that they are low achievers (although it should be noted
that academic self-concept and grades correlated only moderately at r=0.36). The
difference shrunk to 25% vs. 23%. A similar yet reverse pattern was apparent for
overachievers, who were more similar to expected high achievers (with comparable
grades) than to expected low achievers (with comparable 1Q) with values of 26%
vs. 20% when including and 25% vs. 21% when excluding academic self-concept.
Another way of operationalizing the similarity of the groups is to calculate the dis-
tance between the group centroids; at 0.97, the distance between underachievers and
low achievers was smaller than between underachievers and high achievers (1.34).

In order to test the hypothesis that underachievers are more heterogeneous as a
group than the other “types” of students, a Levene test was performed on all vari-
ables as well as the discriminant scores for both functions. Variances for the over-
all discriminant scores did not differ significantly; among the individual variables,
self-efficacy, academic self-concept, agreeableness and extraversion displayed het-
erogeneous variances across groups (not accounting for multiple testing). However,
descriptive values (see Table 3) show that instead of underachievers, it is the group
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of other “expected” low achievers that displayed the highest variance in these vari-
ables, except for extraversion. In academic self-concept and agreeableness, undera-
chievers actually displayed the lowest variance among all four groups. Therefore,
we found no evidence to support the assumption that there is more variation among
underachievers in the motivational and personality variables examined here — if any-
thing, the contrary is true in our sample.

The assumption made in the AOM that the motivational precursors to achieve-
ment cannot be compensated for among each other was tested by checking whether
the minimum among these (standardized) variables, as well as the number of vari-
ables below a certain low threshold (1 SD below the mean, approximately following
Matthews et al., 2014), has any incremental validity in predicting underachievement
when the mean level of these variables is taken into account. Underachievement was
operationalized via the regression approach (see introduction) in this instance.’ As
expected, the mean Z-scores in the variables that most closely resembled the AOM
components (learning motivation, self-efficacy, academic self-concept and parental
support as the closest proxy to environmental support) correlated substantially with
the underachievement score (r=0.37, p<0.001; the coefficient is positive because
higher scores in the regression approach denote overachievement). Their minimum
value as well as the number of components below the threshold correlated similarly
highly, and in plausible directions, with the underachievement score (r=0.27 and
r=— 0.37, respectively; p’s<0.001). However, when the mean was introduced as
a control variable in a partial correlation, both associations became insignificant
(r=-0.09, p=0.17 for the minimum value and r=— 0.11, p=0.08 for the number
of low scores). Thus, the non-compensation hypothesis was not supported.

4 Discussion
4.1 General discussion

The present study approached the issue of underachieving students under a slightly
extended framework than previous research. Motivational variables similar to those
in the Achievement Orientation Model as well as the Big Five personality varia-
bles were examined as traits that might differentiate underachievers from other stu-
dents. This was in part a replication of established differences between underachiev-
ers and high achievers; adding the simultaneous comparison to low achievers (and
overachievers) as well as, in terms of variables used, the Big Five, were the novel
parts of the study. The first discriminant function, separating both kinds of success-
ful students from both kinds of unsuccessful ones, indeed reiterates the point that
motivational variables are strongly associated with academic achievement. Corre-
lations between achievement and a functional parenting style were also replicated.
The Achievement Orientation Model as a framework for understanding what can

5 This was done in order to test as liberally as possible (by not discarding any variance in the data) so
that a possible null result might not be explainable by too conservative a test.
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get in the way of a gifted student translating their cognitive abilities into educational
attainment thus receives some support from our findings.

The second point is somewhat less clear; while the second function in the dis-
criminant analysis significantly improved classification, coefficients were generally
small (and possibly unstable, see below).

However, with these restrictions in mind, our study adds to previous research
in justifying the construct itself: It appears that underachievers do in fact differ not
only from other highly intelligent students, as previous research had already demon-
strated, but that some differences to other low achievers are also discernible, albeit
smaller. Yet this difference is only half the story: the discriminant analysis included
four groups, and overachievers appeared to be more or less a mirror image of under-
achievers. This corroborates a so far very limited research body on overachievement
(Sparfeldt et al., 2010). The bottom line is that those relatively rare cases where cog-
nitive abilities—as the most important predictor of academic achievement—are “over-
ruled” by other factors are not solely the product of random (error) variance; those
cases instead appear to have something in common.

According to our results, these things in common are, among others, personality
differences. It is a somewhat novel finding that the specific discrimination between
underachievers and low achievers (as well as overachievers and high achievers; a
parallel we will not mention explicitly hereafter for the sake of brevity) was in part
due to the Big Five factors. Low agreeableness, low conscientiousness and low
extraversion were typical for our sample of strongly underachieving students; further
research might corroborate or disprove these tentative findings. The finding that the
underachievers in our sample tended to be introverted could help explain the find-
ings cited above (Rost & Hanses, 1997, and Siegle et al., 2020) which indicate that
teachers often have trouble recognizing which of their students underachieve, and
why.

The motivational variables exerted less influence in discriminating underachiev-
ers and low achievers. Although the variables mostly pointed in the expected direc-
tion numerically, it cannot be denied that academic self-concept in particular was
not very useful for identifying underachievers beyond the function that separated
the successful from the unsuccessful groups. The finding that underachievers scored
lower on academic self-concept than successful students is not surprising as this
merely reflects the obvious facts on their report cards; the plausible conjecture that
their self-concept might be even lower than that of other low achievers (because they
might compare it to a higher standard, suspecting that they “should” be able to do
better) could not be confirmed. (Note that, as the descriptive values in Table 3 show,
this was not due to a floor effect.) Low scores on the more generally phrased items
assessing self-efficacy were somewhat more typical for underachievers, but only
slightly. When trying to identify students who have "hidden potential" that has not
been brought to life yet, it might seem reasonable to think that the most disheartened
students may be those who are falling short of their potential because they just are
not believing in themselves. However, not believing in their capabilities seems to be
almost as typical for any unsuccessful student as for underachievers. In this light, it
is unsurprising that an intervention targeting this aspect was unsuccessful (Ober-
griesser & Stoeger, 2015) as it might have tackled a symptom rather than a cause.
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Note that this does not necessarily mean that underachievers do not know they are
underachieving. Students were asked about their practical ability to succeed, not
about their intelligence (or the relation between these two constructs).

Besides not being identical to either other low achievers or other highly intelli-
gent students, detailed results of the discriminant analysis indicated that in terms of
the motivational and personality variables used here, underachievers are hardly even
closer to one group than the other — they cannot clearly be put into either box. They
are somewhere in between, a result echoing findings by Hanses and Rost (1998) in
one of the few other studies that included similar comparisons.

Although our results do provide some indirect support the AOM, we found no
evidence for its assumption that if one of the different facets of a student’s motiva-
tion is particularly low, they are more likely to underachieve than a student with the
same mean level of motivation, but a more balanced distribution. That being said,
the variables we used only approximate those in the AOM.

In the sample used in this study, there was also no indication for another sugges-
tion that can frequently be found in the literature on underachievement—that they
are more heterogenous than other groups of students. If anything, our results point to
the contrary. Further empirical clarification might be warranted, especially because
the way we tested it, using variance as a proxy for heterogeneity, certainly does not
answer the question once and for all. It does not follow, of course, that underachieve-
ment is a uniform phenomenon.

4.2 Limitations and Strenghts

One obvious caveat of the present study is that no causal inference can be made; for
example, it remains unclear whether an unhelpful manner of parental involvement
actually causes students’ difficulties—parents might also simply be reacting to their
children’s bad grades.

The results also warrant some replicability concerns. In balancing the trade-
off between sample size and robustness of the selection, we focused on valid-
ity, which necessarily diminished the potentially large sample size to only 51
overachievers and underachievers in total. With ten predictors in the discrimi-
nant analysis, a sample size of 21 in the smallest group can only offer tentative
results, even though the comparison groups were larger. The fact that classifica-
tion worsened notably when leave-one-out classification was used suggests that
some non-negligible overfitting was indeed taking place. Less strict inclusion cri-
teria would have retained a larger part of the original sample and therefore would
have allowed for more reliable conclusions, but their validity would have been
doubtful. Part of the problem was the fact that bad grades (4—6 out of the 1-6
range in the German school system) were quite uncommon in the sample, perhaps
reflecting a general tendency of grade “inflation” in Germany (Grozinger & Bail-
let, 2015). Consequently, students with clear-cut underachievement are actually
relatively rare. An argument could be made that underachievement can also entail
achieving mediocre grades despite great potential—especially as the aforemen-
tioned inflation slowly changes the relative meaning of these grades. But even if
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we had followed this logic, including these cases in our analysis would have run
the risk of grouping very different cases together under one label and thereby
comparing apples and oranges. Besides the sample size, it must also be noted that
due to the nature of the panel study, short scales were used to measure the predic-
tor variables; more reliable instruments might yield more stable results.

The fact that we used a sample from a twin study also warrants some caution
in interpreting the results as the underlying observations are not fully independent
of each other (Carlin et al., 2005). In order to maintain a reasonable sample size,
we decided against including only one randomly selected member of each twin
pair of family. The sample used for the final analysis ended up including 20 MZ
and 17 DZ pairs; still, due to the selection process of filtering out students who
did not fit into any of the achievement groups we were interested in, the majority
(60%) were students who were the sole member of their family to be included.
Note also that the 21 underachievers actually came from 21 different families—if
their twin or sibling was part of the sample, they were in other groups. Among
the 30 overachievers, there were two MZ pairs and one sibling pair. Overall, this
does not give the impression that the differences between the groups could be
explained by artificially increased similarity within them. On a sidenote, the fact
that the underachievement and overachievement groups do not consist of notably
many (MZ) pairs could be taken as a tentative indication that the heritability of
over- or underachieving, as opposed to academic achievement per se, is not strik-
ingly high. Exploring this issue was not an aim of this paper, but could be a ques-
tion for future research.

On the other hand, it is notable that the study yielded meaningful results even
though its range was necessarily restricted because it was limited to grammar school
students. When a wider perspective is taken, other factors might come into play as
well. As shown by Uhlig et al. (2009), socio-economical background is important
(at least in Germany) in determining students’ overall academic course. This factor
is beyond the students’ control, but motivation and personality—besides cognitive
abilities, of course—then seem to “finetune” how successful they are within the aca-
demic setting they find themselves in.

It is noteworthy that the items used in this study operationalize their target con-
structs, such as motivation, on a very global level, without investigating root causes.
We measured whether a child was motivated or not, and what grades were achieved,
but do not know which external influences might have led up to this current state.
In particular, part of the existing literature on underachievement indicates that peers
and teachers can play an important role in shaping students’ educational paths (e. g.,
Baker, 1998; Woodward & Fergusson, 2000; Boehnke, 2008; see also Sect. 1.3). A
striking example comes from Fong and Krause (2014), who found that underachiev-
ing college students did not necessarily lack academic self-efficacy, but reported far
less encouragement (‘“social persuasions”) from others, e. g. from instructors, than
achieving students. Asbury et al. (2016) identified monozygotic twin pairs whose
academic achievement differed and asked both them and their parents about pos-
sible reasons; different teachers were among the most frequent causal attributions.
The current study does not allow conclusions as to why the different groups in our
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sample differ the way they do and what role teachers and peers may have played in
shaping, or reinforcing, these differences.

As a final point, some criticisms directed at the construct of underachievement,
or its interpretation, are worth mentioning. On a very basic level, it should be
remembered that underachievers underachieve only relative to their IQ. Stating that
they “do not fulfill their potential” assumes that IQ is an all-encompassing, precise
measure of a person’s potential (Ziegler et al., 2012). Instead, IQ as a predictor of
achievement is just that: one predictor. A meteorologist who is surprised by a rainy
day after forecasting sunshine will not claim that the day “did not fulfill its poten-
tial”, but look for factors that explain the deviation. In the same sense, achievement
scores not lining up perfectly with IQ can only come about by a) measurement error
or b) other influences on achievement not accounted for. The second possibility is
not only more promising, but has also found support through previous research as
well as our results. Also note that within the underachievement paradigm, any factor
that prevents a student from doing well in school and on an IQ test will, by defini-
tion, not be uncovered.

It has also been pointed out that underachievers do not necessarily have to be
unhappy about the situation; they might have decided for themselves that other
things than school are more important to them and be fine with that choice (Figg,
et al., 2012). Furthermore, the fact that underachievers as a group did not appear
to be unusually heterogenous with respect to the variables used here should not be
misinterpreted to mean that there is a one-fits-all recipe to help them translate their
cognitive abilities into achievement. Individual perspectives are necessary and could
be a focus of future research.

5 Conclusions

The present study solidified the empirical basis on which researchers and practition-
ers alike refer to students with low grades despite high cognitive abilities as a dis-
tinct group. That they differ from other highly intelligent students in various per-
sonal and environmental aspects was already established; besides replicating these
differences, the patterns found in our sample of 51 under- or overachievers and 176
comparison students suggest that underachievers also differ from fellow unsuccess-
ful students in terms of their personality. Motivational variables play a smaller role
(if any); while motivation and parental support are lower among underachievers
than among their achieving counterparts, this deficit is not extraordinary compared
to other low achievers. Explaining the specific phenomenon of underachievement,
as opposed to low achievement in general, through motivational problems there-
fore might miss the point; this is somewhat at odds with previous research and calls
for future studies clarifying this issue. A particular goal of the current study was to
strengthen conclusions about underachieving students as a group, both by defining
relatively strict criteria for identifying underachievement in the study sample as well
as by comparing them to relevant groups beyond other gifted students alone. In this
way, we believe our study adds to the existing literature on underachievement by uti-
lizing a more nuanced methodological approach.

@ Springer



Motivational and personality variables distinguish academic... 1481

In practical terms, this research suggests that while targeting motivation in unsuc-
cessful students is not necessarily wrong, it is not specifically underachievers who
are in need of such an intervention. The differences in the Big Five variables do not
immediately suggest practical steps, but one point of interest could be the unusually
low conscientiousness reported by underachievers; rather than lacking motivation,
some of the might rather be in need of being taught skills and strategies to help them
organize their academic endeavors effectively.
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