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The present study examined gender-specific physics underachievement to identify highly intelligent students
who perform below their intellectual potential in physics. The sample consisted of 316 students (182 girls)
fromhigher secondary school (Gymnasium) in Switzerland (ageM=16.25 years, SD=1.12 years). In amultiple
group latent profile analysis, intellectual potential and physics grades were used to determine gender-specific
student profiles. In accordance with prior expectations, a problematic profile of female physics underachievers
with high intellectual potential but below-average physics grades was identified. Their math grades and GPA
(Grade Point Average), by contrast, were within the normal range, suggesting domain-specific underachieve-
ment. The female physics underachievers, moreover, showed a low interest and self-concept in physics com-
pared with the other students, complementing the picture. An independent sample was used to validate the
student profiles. In concluding, we discuss implications for physics classrooms and future research.
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1. Introduction

Recent reviews that summarized work on women's science partici-
pation identified secondary school as a crucial point in time to consoli-
date gender differences in achievement, engagement, and interest in
science (see Ceci, Ginther, Kahn, & Williams, 2014; Ceci, Williams, &
Barnett, 2009). These gender differences are also reflected in the smaller
proportion of talented, intelligent females who specialize in science
(e.g., Lubinski & Benbow, 1992). Intelligent students who fail to realize
their potential, particularly in physics, have become a growing concern
in today's competitive, technology-dependent society. In light of the
current state of research on the gender gap in physics, there is reason
to expect more girls than boys among such physics underachievers.
Whereas gender differences have been addressed in terms of both gen-
eral scholastic underachievement (Colangelo, Kerr, Christensen, &
Maxey, 1993) and general physics attainment (e.g., Heilbronner, 2012;
Lubinski & Benbow, 1992, 2007), in this study, we investigate gender-
specific underachievement in physics (c.f. Adams, 1996; Reis, 1991).

In thepresent study,wewant to contribute to a precise picture of the
gender-specific prevalence of underachievers in physics. Profound
knowledge about this student group constitutes the basis for further re-
search and school interventions that may reduce the gender gap in
physics. By using multiple group latent profile analysis, we propose an
innovative statistical approach to identify physics underachievers.
fer), stern@ifv.gess.ethz.ch
Student profiles were defined by a measure of intellectual potential
and physics grades. The domain-specificity of physics underachieve-
ment was investigated by analyzing the underachieving students' per-
formance in other school subjects. We also examined the physics
underachievers' interest and self-concept in physics to describe this
group of students further.

To set the stage for this study, in the following sections,we start from
the broad perspective of general scholastic underachievement and in-
creasingly zoom in on characteristics of physics underachievers leading
to gender differences in physics and, finally, to the research aims of the
present study.

2. Operational definitions of underachievement

As a preliminary remark, underachievement research suffers from a
similar phenomenon to its objects of study, that is, a failure to exploit its
potential. One reason for this failure is the fragmented research base.
Definitions of underachievement vary considerably across studies.
Hence, comparing results and drawing general conclusions are difficult,
which has severely hampered scientific progress (see Dowdall &
Colangelo, 1982; Preckel, Holling, & Vock, 2006; Ziegler, Ziegler, &
Stoeger, 2012).

According to Reis andMcCoach (2000), definitions of underachieve-
ment can be categorized in four differentways. A first approach is to de-
termine a quantified discrepancy between a person's potential and
achievement (e.g., more than one standard deviation discrepancy be-
tween the standardized ability and achievement measures). A second
category subsumes studies that speak of underachievement when a
person's intellectual potential exceeds certain cut-off values (e.g.,
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IQ ≥ 130) but school achievement falls below a defined level of achieve-
ment (e.g., grade ≤ C on US scales). The existence of a discrepancy be-
tween actual school achievement and the one predicted by a student's
intellectual potential (e.g., more than one standard error of the regres-
sion) determines underachievement in the third category, the regres-
sion analytic approach (e.g., Lau & Chan, 2001; Preckel et al., 2006). In
the last category, learners are called underachievers simply if they fail
to take advantage of their latent intellectual potential (see Gagné,
2004, 2005).

Educational psychologists have been studying students who under-
achieve for approximately 70 years (e.g., Conklin, 1940; McCall, 1994;
Reis & McCoach, 2000; Siegle, 2013; Thorndike, 1963). In the course of
these many years, underachievement research received a great deal of
criticism. In addition to the heterogeneity of definitions (e.g., Siegle,
2013; Smith, 2003; Thorndike, 1963), critics further list a number of
methodological shortcomings. For instance, when cut-off values or a
specific discrepancy between potential and achievement are used to de-
fine underachievement, the measurement errors inherent in any psy-
chological assessment are neglected. Ziegler et al. (2012), who applied
these operational definitions of underachievement, could exemplarily
show how the number of underachievers, given a certain true number,
is severely overrated due to measurement errors. Moreover, by using
cut-off values or a discrepancy, the at least ordinal variables intellectual
potential and achievement are used to rather arbitrarily create distinct
categories of normal, high, or underachievement (Reis & McCoach,
2000). In the regression analytic approach to define underachievement,
the estimation of the regression is based on the whole student sample
that also encompasses the to-be-detected underachievers. Consequent-
ly, the standard error of estimation, whose magnitude is commonly
used to determine underachievement, is biased because the regression
itself is biased by the underachievers in the sample. To summarize, jus-
tified criticism led to a decline in studies on scholastic underachieve-
ment in recent decades. Although the construct of underachievement
is definitely of substantial value, the method must be reconsidered.

To avoid the common points of criticism, we decided to apply latent
profile analysis (LPA)with two indicator variablesmeasuring intellectu-
al potential and physics achievement to operationalize underachieve-
ment. LPA is a type of mixture model that, in simplified terms,
estimates the existence of subgroups or profiles within an overall sam-
ple based on a similarity on continuous indicator variables. In the con-
text of LPA, a systematic co-occurrence of high scores on the
intellectual potential indicator variable and low scores on the physics
achievement indicator variablewould determine a profile of physics un-
derachievers. Neither profile sizes nor characteristics must be defined a
priori (Gibson, 1959; Lazarsfeld & Henry, 1968; Vermunt & Magidson,
2002). The analysis seeks to explain similarity on continuous indicator
variables by relating the similarity to a newly introduced categorical la-
tent variable that defines the profiles. The number of profiles that are es-
timated must be specified by the user. As a result, the LPA produces
indicators of the quality of the respective profile solution, profile sizes
and characteristics and profile membership probabilities for every
person.

Using LPA, methodological problems that accompany cut-off values
and a priori defined discrepancies can be circumvented. LPA allows for
classification uncertainty because membership in any profile is repre-
sented as a probability. Thus, a student is not deterministically assigned
to one distinct profile (e.g., an underachievers profile). Rather, variables
are created indicating the profilemembership probability for every pro-
file for every student. The LPA is intended to describe thewhole student
sample in the form of profiles and is not geared only to the categoriza-
tion of students into underachievers and non-underachievers. There-
fore, the students' data are clustered based on similarities on the
intellectual potential and achievement indicator variables. This charac-
teristic also eliminates the problem of using standard errors that are po-
tentially biased by underachievers in the sample as decision criteria to
distinguish between underachievers and non-underachievers, as is
done in the regression analytic approach. The operational definition
bymeans of LPA provides a clear instruction on how to proceed and en-
ables comparison and replication across studies.
3. Motivational correlates of physics underachievement

Academic interest and self-concept are two variables that have often
been associated with both school achievement and general scholastic
underachievement. To start with the former, there is broad evidence
that self-concept and school achievement influence one another, pre-
sumably in the sense of reciprocal effects (see Marsh & Craven, 2006;
Marsh, Trautwein, Lüdtke, Köller, & Baumert, 2005). A similar reciprocal
relationship is assumed for interest and school achievement (see
Harackiewicz, Durik, Barron, Linnenbrink-Garcia, & Tauer, 2008;
Köller, Baumert, & Schnabel, 2001; Schiefele, Krapp, & Winteler,
1992). Moreover, both academic interest and self-concept could be ex-
pected to be negatively related to boredom (Pekrun, Hall, Goetz, &
Perry, 2014). The authors (2014) also suggest a negative reciprocal rela-
tionship between boredom and school achievement. To conclude, self-
concept and interest seem to be related to school achievement both di-
rectly and indirectly.

Concerning general scholastic underachievement, Snyder and
Linnenbrink-Garcia (2013) propose several motivational factors sug-
gested by existing research on achievement-motivation thatmight con-
tribute to the development of general underachievement in gifted
students at consecutive developmental stages in two postulated path-
ways. At the third stage, which starts with entry to secondary school,
the authors assume a decrease in academic self-concept due to the Big
Fish Little Pond Effect (see, e.g., Marsh, 1987), leading to copingmecha-
nisms such as disidentification with academics and disengagement. In
the alternative pathway to underachievement, students in secondary
school who experience enhanced academic challenge may consider
the costs (such as effort and time) of academics increasingly high and
therefore suffer from decreasing utility, intrinsic, and attainment value
concerning academics, again leading to disengagement and
disidentification. While the first pathway may be evidenced by de-
creased academic self-concept, the second pathway may be reflected
particularly in decreased interest in academics.

In line with these considerations, literature reviews reported a poor
academic self-concept as a frequently seen characteristic of general
scholastic underachievers (McCall, 1994; Reis & McCoach, 2000). Ac-
cording to Hanses and Rost (1998), gifted underachievers showed strik-
ingly lower scores on an academic self-concept scale in primary school
than did their achieving peers. Referring to the domain of physics, top
performers in science are characterized by an exceptionally high self-
concept in science (Organisation for Economic Co-operation and
Development, 2009). Therefore, a low self-concept in physics may ac-
company physics underachievement. Moreover, gifted high achievers
and gifted underachievers were also found to differ concerning their in-
terest in classes, with more-positive attitudes on the part of the high
achievers (McCoach & Siegle, 2003). In the domain of physics, excellent
achievementwas associatedwith particularly high interest in physics or
science in general (Adams et al., 2006; Lubinski & Benbow, 2006;
Organisation for Economic Co-operation and Development, 2009;
Robertson, Smeets, Lubinski, & Benbow, 2010). Consequently, low inter-
est in physics can also be expected to accompany physics
underachievement.

Moremotivational variables can be assumed associatedwith physics
underachievement. However, as summarized above, the interplay be-
tween academic interest and self-concept, on the one hand, and aca-
demic achievement and underachievement, on the other hand, is
evidenced by extensive research. To conclude, linking our knowledge
from these fields of research to findings in the domain of physics,
existing research suggests a deficit on the part of physics under-
achievers in terms of interest and self-concept in physics.
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4. Gender differences and physics underachievement

Females have been quite consistently found to achieve on a lower
level in physics than males (e.g., Beaton et al., 1996; Lubinski &
Benbow, 1992; Organisation for Economic Co-operation and
Development, 2009; Taasoobshirazi & Carr, 2008). In linewith this find-
ing, male students seem to be equipped with a higher self-concept in
physics than are female students, even thosewith a high intellectual po-
tential (e.g., Debacker & Nelson, 2000; Heilbronner, 2012; Hoffmann,
2002; Jansen, Schroeders, & Lüdtke, 2014; Schober, Reimann, &
Wagner, 2004). There is also broad evidence that girls are less interested
in physics than boys (e.g., Adams et al., 2006; Hart, 1996; Hoffmann,
2002; Kahle & Lakes, 1983; Murphy & Whitelegg, 2006b). This general
finding is closely related to the result that males seem to bemore inter-
ested in things, whereas females appear to show higher interest in peo-
ple (Su, Rounds, & Armstrong, 2009). Seidel (2006) used latent class
analysis to divide physics students from the ninth grade of the
Gymnasium1 into five classes based on their general cognitive ability,
physics knowledge (standardized test), interest in physics, and physics
self-concept. One of the resulting classes was called the “uninterested”
students (high on general cognitive ability, mixed on physics knowl-
edge, very low on interest, and intermediate self-concept). Importantly,
a considerably higher proportion of girls than boys belonged to this
group of students.

Although, overall, girls outperform boys in school (e.g., Voyer &
Voyer, 2014), the girls' advantage seems to disappear in physics classes
(e.g., Deary, Strand, Smith, & Fernandes, 2007). Taken together, the
above points suggest that there is good reason to expect at least some
female underachievers in the domain of physics.
5. The present study

This study focuses on the intersection between three lines of work:
underachievement research, research on motivational correlates of
high or low physics performance, and research on gender differences
in physics attainment. Whereas these three lines of research are all
well represented in the scientific literature, their intersection is not.
We thus applied the paradigm of underachievement research using an
operational definition by means of LPA to study systematic gender dif-
ferences in physics performance and in related motivational variables
as a function of the students' intellectual potential. Compared to vari-
able-centered approaches that dominate the existing literature, we
adopted a person-centered approach. To conclude, this new perspective
allows us to identify and describe gender-specific groups of students
that underachieve in physics.

In light of the well documented gender gap in physics, this study
aimed at answering the research question whether more female than
male students fail to take advantage of their intellectual potential in
physics classes. This type of female-dominated underachievement can
be expected to be specifically tied to the domain of physics. As a second
research question,we thereforewanted to find outwhether physics un-
derachievers underperform only in the domain of physics. Given the
prominent role of interest and self-concept in all three lines of research
in distinguishing between underachievers and high achievers, physics
low and high performers, or average girls and boys, we finally aimed
at investigating whether physics underachievers show lower manifes-
tations on these variables than the high achieving students.
1 InGermany and in Switzerland, theGymnasium is a public school that provides higher
secondary education to above-average achieving students. The Gymnasium constitutes
the highest track of the German and Swiss educational system. Gymnasium students (ap-
proximately 20–25% of all Swiss students) are comparable to US high school students at-
tending college preparatory classes.
Regarding the first research question, which aimed at investigating
underachievement in physics in terms of its gender-specific prevalence,
we hypothesized that wewould find a higher proportion of girls than of
boys among physics underachievers defined by means of LPA.

The second research question on the domain-specificity of under-
achievement was examined by analyzing the underachieving students'
GPA and, in particular, their math achievement, which has many over-
laps with physics and is part of the STEM (science, technology, engi-
neering, and mathematics) field. We assumed to find physics-specific
underachievement (i.e., normal achievement regarding GPA andmath).

To answer the third research question, we further investigated the
students' interest and self-concept in physics, expecting physics under-
achievers to show lowermanifestations on these variables than the high
achieving students.
6. Method

6.1. Participants

In this study,we combined two existing samples to investigate phys-
ics underachievement based on a sufficiently large sample size. Howev-
er, after the student profiles had been determined in the whole student
sample, the two samples were examined separately to confirm that the
two samples were comparable and that the detected profile solution
fitted the data in each of the two samples. Importantly, the comparison
between the two samples also allowed us to control for method vari-
ance and validate that the final student profiles were theoretically
meaningful across the methodological variations between the two
samples.

In sample 1, which included N = 133 students (78 girls; age M =
16.56 years, SD = 1.36 years), students were recruited individually by
advertising and contacting teachers and student representatives. Sam-
ple 1 thus consisted of individual students coming from different
schools and classes. Data were only gathered from German-speaking
SwissGymnasium students from theupper secondary levelwhoalready
had had physics instruction. At the German-speaking Swiss Gymnasi-
um, all students must attend physics classes at the upper secondary
level. Therefore, the students in sample 1 were not a preselected popu-
lation of students having explicitly opted for physics classes. The stu-
dents in this sample, who came from various schools and classes,
differed in the degree of their prior exposure to physics. This variation,
however, was unproblematic in the context of this study because we
were interested in each student's physics achievement as reflected in
the student's physics grades independent of the physics topics taught
and the student's actual knowledge in physics.

Sample 2 (N=183; 104 girls; ageM=16.02 years, SD=0.84 years)
consisted of whole physics classrooms from the upper secondary level
of five Swiss Gymnasiumswhowere recruited in the context of a school
intervention study not discussed here (for more details, see Hofer,
Schumacher, Rubin, & Stern, 2016). In all classrooms, the same intro-
ductoryNewtonianmechanics topicswere taught during 18physics les-
sons. Importantly, the intervention, which was compared with regular
instruction, affected neither the intellectual potential indicator variable
that was elicited either before or after the intervention nor the physics
achievement indicator variable (i.e., physics grades) that referred to
the students' achievement during the intervention. Interest and self-
concept in physics, which were measured using the same scales as in
sample 1, were assessed immediately before the intervention.

The total sample consequently comprised N = 316 students (182
girls; ageM=16.25 years, SD=1.12 years). Unless otherwise specified,
analyses were based on the total sample of N = 316 Swiss upper sec-
ondary level Gymnasium students.

In addition, we investigated a third student sample to validate the
final student profiles. This independent validation sample is briefly de-
scribed in the section that details the validation process.
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6.2. Variables and design

In a correlational design, we applied a multiple group latent profile
analysis (LPA) to the student data,with the two indicator variables intel-
lectual potential and physics achievement, to detect a stable pattern of
systematically occurring student profiles. The multiple groups were de-
fined by the known-class variable gender. Hence, student profiles were
estimated for female and male students. When a resulting student pro-
file showed high intellectual potential and low physics achievement, we
spoke of physics underachievement.

All other variables,math grades, GPA, interest in physics, and self-con-
cept in physics, were used not to define the student profiles but to de-
scribe the educed profiles thereafter. Thus, a potential underachievers
profile was further compared with all of the other student profiles in
terms of the math grades average and GPA average estimated within
each of the student profiles. The student profileswere further compared
in terms of themotivational variables interest in physics and self-concept
in physics that were again averaged within each of the student profiles.

6.3. Procedure and measures

The tests for measuring the students' intellectual potential were ad-
ministered by two trained and experienced professionals in group-test-
ing sessions. The students' grades in physics and in other subjects were
recorded from the students' two most recent report cards or provided
by the teachers (in sample 2). Data concerningmotivational and demo-
graphic variables (e.g., student gender) were gathered by means of the
same online survey throughout the study. The students received the
link to the approximately 20-minute online survey in the course of the
correspondence. The scales that were used tomeasure themotivational
variables were all specifically adapted to physics instruction.

6.3.1. Intellectual potential
In the context of data collection for a larger research project, sample

1 was presented with the “Berliner Intelligenzstruktur-Test” (BIS Test;
Jäger, Süß, & Beauducel, 1997). This test enables a broad assessment of
the operational abilities processing capacity, creativity, memory reten-
tion, and speed of operation and the content-based abilities verbal rea-
soning, numerical reasoning, and figural/spatial reasoning. Reliability,
validity, and objectivity are ascertained and convincing, and group-test-
ing is feasible. The students in sample 1 were asked to choose one of
several possible dates to participate in a group-testing session at our re-
search institute. The test was administered in groups of approximately
20 students. Two experienced professionals monitored the testing ses-
sions with always one professional providing the instructions prior to
each task.

To operationalize intellectual potential in the present study, howev-
er, we preferred measuring general reasoning ability to measuring di-
verse cognitive facets. Referring to several empirical evaluations of the
BIS Test's validity (Jäger et al., 1997), the scalemeasuring processing ca-
pacitywas determined to be highly related not only to cognitive abilities
such as relational reasoning, storing, and processing but also to science
grades. In addition to processing capacity, figural ability also seems to be
strongly associated with general reasoning ability (Bucik & Neubauer,
1996). High spatial ability, moreover, has been found to be especially
important for STEM achievement (see, e.g., Lubinski & Benbow, 2006;
Robertson et al., 2010; Wai, Lubinski, & Benbow, 2009). Consequently,
we decided to use the composite score of thefivefigural/spatial process-
ing capacity problems (such as solving analogies or continuing logical
progressions) to estimate students' intellectual potential in this study.
The scale's Cronbach's α was satisfactory (α = 0.70).

In sample 2, the students' intellectual potential was evaluated in
group-testing sessions in the classrooms by means of the well-
established set II score of Raven's Advanced Progressive Matrices
(Raven, Raven, & Court, 1992; Cronbach's α = 0.85) that explicitly as-
sesses reasoning ability. Hence, the measures of both samples could be
considered indicators of the basic cognitive ability of general reasoning,
representing the students' intellectual potential in this study. To obtain
onemeasure that could be used as an estimate of the students' intellec-
tual potential in the total sample, the score of thefigural/spatial process-
ing capacity in sample 1 and the set II score in sample 2 were z-
standardized. The resulting joint scale is referred to as intellectual poten-
tial in the following.

6.3.2. Physics achievement, math achievement, and GPA
Physics achievement, math achievement, and GPAwere assessed by

means of grades. We used grades and not standardized achievement
tests because grades are what the students obtain as feedback at school,
are what they react to, and are what considerably influence further
school engagement (Poorthuis et al., 2014; von Maurice, Dörfler, &
Artelt, 2014). While math was intentionally considered separately
(due to its conceptual proximity to physics), Biology, German, and En-
glish gradeswere averaged to obtain a GPA thatwas used in all analyses.
Whenever available, grades from two report cards were used to calcu-
late an average for each subject. In Switzerland, grades range from 6
to 1, with smaller numbers indicating lower performance. With grades
lower than 4, students fail.

6.3.3. Interest in physics
The scale tomeasure interest in physics was adopted from the inter-

national student-survey of PISA 2006 (Frey et al., 2009). The scale
consisted of four items with four-point Likert scales spanning from 0
“completely disagree” to 3 “completely agree” (Cronbach's α = 0.87;
sample item: “These days I like dealing with physics problems.”).

6.3.4. Self-concept in physics
The students' self-concept in physics was elicited by adapting four

items of the “DISK-Gitter mit SKSLF-8” (Rost, Sparfeldt, & Schilling,
2007), a published test in German targeting school subject-specific
self-concept. Students could choose between six answer alternatives
spanning from 0 “not true for me at all” to 5 “exactly true for me” (sam-
ple item: “These days I feel that I can solve problems in physics easily.”).
The reliability of the scale was high with Cronbach's α = 0.94.

6.4. Data analysis

The latent profile analyses were run with the software Mplus Ver-
sion 7.11 (Muthén &Muthén, 2012).We applied robustmaximum like-
lihood estimation to potentially correct chi-square-based fit statistics
and all parameter estimates' standard errors for leptokurtic or
platykurtic data. The z-standardized intellectual potential and physics
grades average were used as indicator variables. To investigate gen-
der-specific physics underachievement, gender was included as
known-class variable. In other words, latent profiles were estimated
for girls and for boys in the form of a multiple group LPA or mixture
model (see Muthén &Muthén, 2012). A six-step procedure was chosen
to examine gender differences in physics underachievement, to consid-
er the students' school achievement in subjects other than physics, and,
finally, to inspect the students' interest and self-concept in physics. Ac-
cordingly, the number of profiles first had to be identified. Second, gen-
der differences in the profile formation were examined. Third, the
resulting profiles were validated in each of the two samples. Fourth,
the resulting profiles were validated in an independent validation sam-
ple. Fifth, differences between the profiles concerning math achieve-
ment and GPA were investigated. Sixth and finally, differences
between the profiles concerning students' interest and self-concept in
physics were examined. Fig. 1 gives a schematic summary of the six-
step procedure that is described inmore detail in the following sections.
It provides enough information to allow readers who do not need more
details to directly continue with the results section.



Fig. 1. Schematic summary of the six-step procedure to (1) determine the number of profiles, (2) determine gender differences (and equality) in the profile formation, (3) validate the
resulting final profile solution in each of the two samples, (4) validate the final profile solution in an independent validation sample, (5) investigate differences between the final
profiles concerning math achievement and GPA, and (6) investigate differences between the final profiles concerning interest and self-concept in physics.
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6.4.1. Step 1: identification of profile number
In a first step, the number of profiles was determined. Models with

two to 14 profiles, with the known-class variable gender, were realized.
Expectingmore than 14 gender-specific profiles was considered practi-
cally and theoretically unreasonable. The analysis was allowed to com-
pute the profiles without any restrictions with respect to the gender
variable (i.e., independently for girls and boys) because the model
should not be constrained before the best-fitting number of profiles
was determined. The same number of profiles was hence estimated in-
dependently for female and male students (i.e., one to seven profiles
were estimated for female and male students; see Fig. 1). Model fit
then was compared between the profile solutions. The model fit, i.e.,
the correspondence between data and the specified latent profile
model, was evaluated by inspecting Information Criteria (ICs), seeking
the solutions with the lowest (i.e., best) IC values (see, e.g., Geiser,
2011; Gollwitzer, 2012). Simulation studies recommend an examina-
tion of the sample-size adjusted Bayesian Information Criterion (aBIC;
Sclove, 1987) or of the standard Bayesian Information Criterion (BIC;
Schwarz, 1978), tending to favor the former (Nylund, Asparouhov, &
Muthén, 2007; Tofighi & Enders, 2007; Yang, 2006; Yang & Yang,
2007). Hence, in the first place the aBIC and in the second place the
BIC were considered to assess model fit, with relatively lower values in-
dicating better model fit. More detailed information on evaluating
model fit is provided in Appendix A.
6.4.2. Step 2: gender differences
In a second step, the profile solution determined in step one was

used to investigate whether girls and boys differ. By testing whether
the profile-specific estimates of the indicator variables are comparable
between girls and boys,measurement invariance is tested in the context
of LPA (see Eid, Langeheine, & Diener, 2003; Specht, Luhmann, & Geiser,
2014). Different models, which realized different degrees of conformity
between girls and boys, were compared. The least restrictivemodel sug-
gested unique profiles for girls and boys with all of the profile-specific
indicator variable means estimated freely (as it was done in step one).
Then, successively, the most similar profiles were constrained to be
equal between girls and boys (i.e., indicator variable means estimated
together). The nested models' fit to the data was contrasted to find
the model that best described the degree of conformity between the
profiles of the females and males in the sample. Hence, models were
compared using the aBIC and log-likelihood tests that yield a p-value
(LL p; for more information on the log-likelihood tests, please see
Appendix A). The best fitting model resulting from step two was the
final profile solution.

6.4.3. Step 3: profile validation across samples
To achieve a sufficiently large sample size, we used two samples to

investigate underachievement. Although the two samples were highly
comparable concerning the participating students (i.e., German-speak-
ing Swiss students from the upper secondary level of the Gymnasium)
and the measures implemented, they nevertheless differed in the
operationalization of the intellectual potential measure and the recruit-
ment of the students (i.e., individual students vs.whole classrooms). Ac-
cordingly, we checked that the solutions obtained separately within
each of the two samples did not differ significantly from one another
and from the final solution based on the total sample. The comparison
between the two samples thus allowed us to control for method vari-
ance and validate that the final student profiles were theoretically
meaningful across methodological variations.

Hence, we first aimed to show that the profile solution obtained in-
dependently with sample 1 did not differ from the profile solution ob-
tained with sample 1 when the indicator variables, however, were
fixed at the profile-specific estimates from the final profile solution ob-
tained with the total sample in step two. Therefore, in the latter model,
the final profile solution that was obtained with the total sample was
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imposed on sample 1. The fit of the two nested models was compared
using the aBIC and the log-likelihood test. If there were no significant
differences between the fit of the two nested models, we could assume
the final profile solution also held true for sample 1. An analogous anal-
ysis was conducted for sample 2.

Second, we aimed to show that the solution obtained independently
with sample 1 did not differ significantly from the solution obtained in-
dependently with sample 2. To test this assumption, the indicator vari-
able estimates resulting from the independent profile estimation in
sample 2 were used as default values for the indicator variables of the
profile estimation in sample 1. The corresponding profile solution that
hence reflected the solution obtained independently with sample 2 im-
posed on sample 1 was compared with the solution obtained indepen-
dently with sample 1. Again, the fit of the two nested models was
compared using the aBIC and the log-likelihood test. No significant dis-
crepancies in this casewould indicate that the independent profile solu-
tions in the two samples did not differ significantly and that both
samples hence warranted the final profile solution.

6.4.4. Step 4: validation of the profiles
We further tried to validate the final student profiles in an indepen-

dent validation sample. The validation sample comprisedN=264 (143
girls) German-speaking Swiss Gymnasiumstudents from the upper sec-
ondary levelwith amean age ofM=15.32 years (SD=1.15 years)who
already had had physics instruction. It consisted of whole classrooms.
Physics achievement was measured using the students' performance
in one physics examination, and intellectual potential was again
assessed by means of the set II score of Raven's Advanced Progressive
Matrices. Inspired by the approach described by Finch and Bronk
(2011) in the context of confirmatory latent class analysis, the indicator
variables in the validation sample were fixed at the profile-specific esti-
mates from the final profile solution. The resulting profile structure was
interpreted, and the model fit of this restrictive model was compared
with the model fit of the corresponding unrestrictive model (i.e., with
the independent profile solution).

6.4.5. Step 5: differences in math achievement and GPA
The model that resulted as the final model from the first two steps

was used in steps five and six. To learnmore about the domain-specific-
ity of physics underachievement,math grades andGPAwere directly in-
cluded in the final model as external outcome variables. While the two
indicator variables (intellectual potential and physics grades average)
defined the student profiles, the external outcome variables further de-
scribed the profiles but did not affect the profile estimation. To examine
whether the estimated means of the external outcome variables signif-
icantly differed between underachievers and other student profiles, the
chi-square value (χ2) of the Wald test of parameter constraints was
used (for more information on this step as well as step six, please see
Appendix A).

6.4.6. Step 6: differences in interest and self-concept
Following the same approach as described in step five, the motiva-

tional variables interest and self-concept in physics were each now di-
rectly included in the final model as external outcome variables.

7. Results

7.1. Descriptive statistics and gender differences

Descriptive statistics and intercorrelations between intellectual po-
tential, physics achievement, math achievement, GPA, interest in phys-
ics, and self-concept in physics can be found in Table 1. Due to the
research interest in gender differences, the results in Table 1 are pre-
sented separately for female andmale students. In linewith existing re-
search, boys showed significantly higher manifestations in terms of
physics achievement, interest in physics, and self-concept in physics,
whereas girls significantly outperformed boys in terms of GPA (all
ps ≤ 0.02). The replication of existing findings suggested that we inves-
tigated a representative student sample. There were no significant gen-
der differences on any of the other measures (all ps ≥ 0.11). The pattern
of intercorrelations between the studymeasures was similar for female
and male students, with two exceptions. First, the male students' but
not the female students' interest and self-concept in physics correlated
significantly with their intellectual potential. The dissociation between
the female students' intellectual potential, on the onehand, and their in-
terest and self-concept in physics, on the other hand, already pointed to
the potential existence of female underachievers in physics. Second, the
boys' but not the girls' interest and self-concept in physics correlated
significantly with GPA.

7.2. Step 1: identification of profile number

In the comparison of the models with two to 14 profiles (see Fig. 1),
the six-profile solution (i.e., three profiles estimated for female and
three profiles estimated for male students) fitted the data best (see
Table 2). The six-profile solution showed the lowest (i.e., best) aBIC.
The BIC, which sanctions complexity more than other information
criteria, particularly in larger samples, consistently increasedwith an in-
creasing number of profiles and thus would have recommended a two-
profiles solution (see Bacci, Pandolfi, & Pennoni, 2014). Discussing the
problem of deciding about the goodness of latent profile (or class)
models, Marsh, Lüdtke, Trautwein, and Morin (2009) recommended
that a solution should be theoretically meaningful, parsimonious, and
interpretable. In line with this idea, the two-profile solution, as sug-
gested by the BIC, would be of limited value in light of the underlying
theoretical considerations on gender-specific underachievement and
high achievement in physics. Consequently, the six-profile solution
that was preferred by the aBIC was chosen to proceed.

7.3. Step 2: gender differences

7.3.1. Investigating measurement invariance
After the identification of a six-profile solution in step one, measure-

ment invariance between the three profiles estimated for female stu-
dents and the three profiles estimated for male students was
examined (see Fig. 1). The unconstrained model in which all three pro-
files were estimated independently for girls and boys was compared to
themodel in which only two profiles were estimated independently for
girls and boys while the profile with the highest gender similarity was
constrained to be invariant between girls and boys. This model with
one equated profile fitted the data not significantly worse (LL p =
0.64) than the unconstrained model. Moreover, the aBIC was lower for
this more restrictive model (aBIC =2201.25) than for the uncon-
strainedmodel (aBIC=2205.69). An additional profile, with the second
highest gender similarity, was constrained to be equal between female
and male students. This even more restrictive model, however, proved
to fit the data significantly worse than did the model with only one
constrained profile (LL p b 0.01), and the aBIC slightly increased again
(aBIC = 2202.31). Hence, profiles differed between females and
males, with the exception of only one profile that showedmeasurement
invariance in terms of gender. Consequently, five distinct student pro-
files emerged: one gender-invariant, two female-specific, and two
male-specific profiles. Thefive-profile solution thus became thefinal so-
lution. An inspection of the residual statistics further indicated that this
final solution yielded a good approximation of the empirical means and
variance/covariance structures.

We also evaluated whether the final solution meets the assumption
of local independence that should hold in the classic LPA approach
(Lazarsfeld & Henry, 1968). Local independence implies that the indica-
tor variables are uncorrelated within each profile. Because the final
model fitted the data worse when within-profile correlations between
intellectual potential and the physics grades average were allowed,



Table 1
Intercorrelations, means, standard deviations, and scale of the measures used in this study organized by gender.

Measure 1 2 3 4 5 M SD Scale

1. Intellectual potentiala 389–611
0–36

Females – 511.94 29.49
27.37 4.05

Males 521.07 35.09
27.38 4.40

2. Physics achievement 1–6
Females 0.04 – 4.47 0.63
Males 0.17 4.80 0.60

3. Math achievement 1–6
Females 0.32** 0.54** – 4.54 0.74
Males 0.32** 0.50** 4.54 0.74

4. GPA 1–6
Females 0.03 0.41** 0.40** – 4.69 0.43
Males 0.09 0.33** 0.30** 4.56 0.42

5. Interest in physics 0–3
Females 0.14 0.36** 0.30** 0.13 – 1.21 0.64
Males 0.19* 0.29** 0.31** 0.32** 1.67 0.71

6. Self-concept in physics 0–5
Females 0.10 0.43** 0.36** 0.15 0.66** 2.06 1.09
Males 0.21* 0.43** 0.38** 0.25** 0.65** 2.95 1.04

Note. *p b 0.05. **p b 0.01.
a Instead of the z-standardizedmeasure'smeans and standard deviations, themore informativemeans and standard deviations of the figural/spatial processing capacity (for sample 1)

and of the set II score of Raven's Advanced Progressive Matrices (for sample 2) are reported.
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and because the within-profile correlations were small, we could as-
sume local independence. Moreover, the final model fitted the data
worse when the variances of intellectual potential and the physics
grades average were allowed to differ between the five profiles. Conse-
quently, there was no need to relax the homogeneity of variance as-
sumption and constraining the variance of each of the two indicator
variables to be equal across profiles was warranted.

In the left panel (a) of Fig. 2, the mean estimated scores on the two
indicator variables (z-standardized intellectual potential and physics
grades average) are depicted for the five final profiles, which are sche-
matically illustrated in the right panel (b). A description of the profiles
is provided in the next section.

7.3.2. Description of girls' and boys' profiles: detecting underachievers
Although this article focuses on underachievers, describing the

whole picture and briefly interpreting each of the final student profiles
presented in Fig. 2 is necessary. First, however, note that the student
profiles were not classroom dependent. Classroom dependency could
be investigated in sample 2, in which whole classrooms participated.
As indicated by the most likely latent profile membership of each stu-
dent, particular student profiles were not accumulated in single class-
rooms but always appeared in various classrooms. Moreover, consider
that all group-size specifications provided for each of the student pro-
files in the following sectionwere based on themost likely latent profile
membership patterns, although, effectively, a student was not deter-
ministically but rather probabilistically assigned to each of the profiles.

The profile that was invariant between females and males was the
high achievers profile (16% of all girls and 51% of all boys), with very
Table 2
Logarithmized Likelihood (Log L), number of parameters (k), aBIC, and BIC for different
LPA solutions with known-class gender.

Number of profiles Log L k aBIC BIC

2 −1099.92 7 2217.94 2240.14
4 −1091.39 13 2216.37 2257.60
6 −1078.30 19 2205.69 2265.95
8 −1071.90 25 2208.40 2287.69
10 −1066.44 31 2212.99 2311.32
12 −1059.55 37 2214.71 2332.07
14 −1055.01 43 2221.13 2357.51

Note.Values in bold typeface indicate the profile solution favored by the respective criteria.
high z-standardized intellectual potential (M = 0.76) and z-standard-
ized physics grades (M = 0.74) for both genders. In addition to the
gender-invariant high achievers profile, within the girls, there was a
clear underachievers profile (29% of all girls), with high intellectual
potential (M = 0.58) and very low physics grades (M = −1.04), and
an over-to-normal achievers profilewith rather low intellectual potential
(M = −0.71) and average physics grades (M = −0.16).

In addition to the gender-invariant high achievers profile, within the
boys, there was an under-to-normal achievers profile, with average
intellectual potential (M = 0.00) and rather low physics grades
(M = −0.84), and an overachievers profile with very low intellectual
potential (M = −1.26) and high physics grades (M = 0.35).

To conclude, the LPA detected a profile of physics underachievers,
but only among the female students. Table 3 summarizes essential in-
formation about the final five profiles (profile membership proportions
and counts in addition to the profile-specific estimated intellectual po-
tential and unstandardized physics grades average).

7.4. Step 3: profile validation across samples

Both according to the aBIC values and the log-likelihood test (LL p=
0.70), the profile solution that was based on the final profile solution
imposed on sample 1 did not fit the data significantly worse than the
profile solution obtained independently in sample 1. The same was
true concerning sample 2 (LL p = 0.86). Moreover, the profile solution
that reflected the solution obtained independently in sample 2 did not
fit the data in sample 1 significantly worse than did the profile solution
obtained independently in sample 1 (LL p = 0.12). The independent
profile solutions in the two samples were comparable with one another
and with the final profile solution as obtained in the total sample. The
differences in the operationalization of the intellectual potential mea-
sure and in the recruitment of the students consequently did not affect
the profile structure. These results validated the use of the total sample
and indicated the profiles' theoretical meaningfulness across methodo-
logical variations.

7.5. Step 4: validation of the profiles

We used the validation sample to validate the final profiles. Because
the final profile solution fitted the data in the validation sample signifi-
cantlyworse than the unrestrictive solution,we relaxed the restrictions.



Fig. 2. Illustration of allfive student profiles based on thefinalmodel. Profile-specificmean estimated scores on the two indicator variables (a) and schematic representation of thefinalfive
profiles (b). HA= gender-invariant high achievers, UA= female underachievers, OA-NA= female over-to-normal achievers, UA-NA=male under-to-normal achievers, and OA=male
overachievers. A continuous line represents females, a dotted line representsmales, and a dash-dotted line represents the gender-invariant profile. Error bars represent the 95% confidence
intervals.
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Now, only the intellectual potential indicator variable was set at the
values of the final five-profile solution to predetermine the general
structure. The physics achievement indicator variable was estimated
freely to allow some variance. The resulting solution did not fit the
data significantly worse (LL p = 0.14) than the unrestrictive solution.
The aBIC also favored the more restrictive model (1818.57 vs.
1823.85). The aBIC value of themore restrictive model was also smaller
than the aBIC values of themodelswith two to 14profiles.With only the
exception of the profile of female over-to-normal achievers, all student
profiles could be confirmed. Instead of the female over-to-normal
achievers, a profile of female low achievers with rather low manifesta-
tions on both indicator variableswas detected. In the validation sample,
however, not the final record card physics grades but only the perfor-
mance in one physics examination was available to measure physics
achievement. This measure must be considered less valid than record
card grades to defineunderachievement because it only reflects theper-
formance on a single test. Teachers' evaluations representing a student's
Table 3
Profile-specific membership proportions and counts (N) based on the most likely latent
profilemembership pattern aswell as estimated intellectual potential and unstandardized
physics grades average for the final five profiles.

Student profile
% of same
gender N

Intellectual
potential
[95% CI]

Physics grades
average
[95% CI]

High achievers 16.48 (girls) 98 0.76 5.09
50.75 (boys) [0.54, 0.97] [4.97, 5.20]

Female Underachievers 29.12 53 0.58 3.95
[0.31, 0.85] [3.75, 4.15]

Over-to-normal
achievers

54.40 99 -0.71 4.51
[−0.90, −0.52] [4.37, 4.64]

Male Under-to-normal
achievers

22.39 30 0.00 4.07
[−0.22, 0.22] [3.79, 4.35]

Overachievers 26.87 36 -1.26 4.84
[−1.63, −0.89] [4.63, 5.04]

Note. CI = confidence interval. Grades in Switzerland range from 6 to 1 with 6 indicating
the best and 1 the worst grade. Since variance was constrained to be equal across profiles,
the overall standard deviation was SD = 0.65 for intellectual potential and SD = 0.48 for
the unstandardized physics grades average.
performance during a whole term may differ to some extent from a
student's performance in one written examination, resulting in slightly
distorted profiles. Although four of the student profiles, including the fe-
male physics underachievers, could be replicated, additional confirma-
tory analyses using record card physics grades as physics achievement
indicator variable are needed to validate further the student profiles
educed in the present study.

7.6. Step 5: differences in math achievement and GPA

To learnmore about the domain-specificity of physics underachieve-
ment,math grades andGPAwere included in thefinalmodel as external
outcome variables. For a more differentiated picture, the external out-
come variables of female and male high achievers were examined sep-
arately instead of considering one joint high achievers profile. The
results concerning the comparison of the underachieving girls with all
of the other student profiles are reported inmore detail in the following.
For all comparisons, the Wald test of parameter constraints was used.
Fig. 3 depicts the profile-specific estimated math grades and GPA com-
pared with the (unstandardized) physics grades and illustrates, inter
alia, that the underachieving females' physics grades were on a consid-
erably lower level than their math grades and GPA.

Concerning math grades, the underachieving girls showed signifi-
cantly lower grades (M = 4.37) than did both the female and male
high achievers (M = 5.34, χ2 = 28.90, p b 0.001 and M = 4.92, χ2 =
8.04, p b 0.01); however, these two groups also significantly
outperformed all of the other student profiles. The underachieving
girls did not differ significantly in terms of their math grades from all
of the other student profiles (all χ2s ≤ 0.07, all ps ≥ 0.80), and they
even considerably exceeded the male under-to-normal achievers
(M = 4.01, χ2 = 3.37, p = 0.07).

The underachieving female students' GPA (M = 4.40) was signifi-
cantly lower than were the female high achievers' GPA (M = 5.07,
χ2 = 28.74, p b 0.001) and the male high achievers' GPA (M = 4.73,
χ2 = 8.60, p b 0.01). Moreover, the underachieving females' GPA dif-
fered significantly from the female over-to-normal achievers' GPA, too
(M = 4.69, χ2 = 8.06, p b 0.01). However, their GPA was not



Fig. 3. Profile-specific estimated math grades, GPA, and physics grades. HA = high
achievers, UA = female underachievers, OA-NA = female over-to-normal achievers,
UA-NA = male under-to-normal achievers, and OA = male overachievers. Error bars
represent the 95% confidence intervals. Grades in Switzerland range from 6 to 1, with 6
indicating the best and 1 the worst grade. With grades lower than 4, students fail.
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significantly lower than the GPA of either the male under-to-normal
achievers or the male overachievers (all χ2s ≤ 1.34, all ps ≥ 0.25). Table
4 provides the estimated means, standard deviations, and 95% confi-
dence intervals for math grades and GPA for all of the final five student
profiles (with the female and male high achievers considered
separately).

7.7. Step 6: differences in interest and self-concept

Table 4 also lists the estimated means, standard deviations, and 95%
confidence intervals for interest and self-concept in physics for all of the
final student profiles. Again, female and male high achievers were con-
sidered separately, and theWald test was used for all comparisons. The
underachieving girls showed the lowest interest in physics of all of the
student profiles (M=1.02). They significantly differed from the female
and male high achievers (M = 1.74 and M = 1.91) and the male
Table 4
Means, standard deviations, and 95% confidence intervals for math grades, GPA, interest, and
achievers considered separately).

External outcome variable Student profile

Math grades (scale 1–6) Female High achiever
Male High achiever
Female Underachieve

Over-to-norm
Male Under-to-nor

Overachiever
GPA (scale 1–6) Female High achiever

Male High achiever
Female Underachieve

Over-to-norm
Male Under-to-nor

Overachiever
Interest in physics (scale 0–3) Female High achiever

Male High achiever
Female Underachieve

Over-to-norm
Male Under-to-nor

Overachiever
Self-concept in physics (scale 0–5) Female High achiever

Male High achiever
Female Underachieve

Over-to-norm
Male Under-to-nor

Overachiever

Note. CI = confidence interval.
overachievers (M=1.49, all χ2s ≥ 5.18, all ps b 0.05). They did not differ
significantly from female over-to-normal achievers and male under-to-
normal achievers (all χ2s ≤ 1.93, all ps ≥ 0.16).

The same pattern resulted for the students' self-concept in physics.
The underachieving females had the lowest self-concept in physics of
all of the student profiles (M = 1.69). They significantly differed from
the female and male high achievers (M = 2.94 and M = 3.45) and the
male overachievers (M = 2.68, all χ2s ≥ 11.19, all ps b 0.001). They did
not differ significantly from female over-to-normal achievers and male
under-to-normal achievers (all χ2s ≤ 2.34, all ps ≥ 0.13).
8. Discussion

This study drew on the construct of underachievement to shed light
on unexpectedly low performance of able students in physics instruc-
tion at the upper secondary school level, focusing particularly on gender
differences. With an operational definition of underachievement based
on latent profile analysis, underachievers in the samplewere successful-
ly detected, described, and validated in an independent sample. A five-
profile solutionwith only one of the profiles, the physics high achievers,
showing measurement invariance across gender, fitted the data best.
Among these five student profiles, physics underachievers existed
only for female but not for male students, clearly confirming prior ex-
pectations. The underachieving girls, representing 29% of all females in
the sample, showed average school performance with respect to GPA
and math grades. The latter is of particular importance, considering
the many overlaps between the two STEM subjects, math and physics.
The findings suggest that the girls' underachievement is especially
prominent in the domain of physics, although they also seem not to
fully exploit their high intellectual potential in other school subjects. Be-
cause of the severity of their underachievement in physics, we decided
nevertheless to speak of domain-specific underachievement. Showing
only average school performance is not especially problematic and
may reflect the importance these intelligent girls currently attach to
school. Their extremely low physics grades (M = 3.95; remember that
with grades lower than 4, students in Switzerland fail), in contrast,
may hamper their academic careers and severely restrict future
opportunities.
self-concept estimated for each of the final five profiles (with the female and male high

M SD 95% CI

s 5.34 0.49 [5.10, 5.57]
s 4.92 0.60 [4.69, 5.15]
rs 4.37 0.61 [4.08, 4.67]
al achievers 4.32 0.66 [4.12, 4.52]
mal achievers 4.01 0.51 [3.76, 4.26]
s 4.32 0.77 [3.99, 4.66]
s 5.07 0.37 [4.88, 5.25]
s 4.73 0.35 [4.57, 4.88]
rs 4.40 0.35 [4.24, 4.56]
al achievers 4.69 0.37 [4.58, 4.80]
mal achievers 4.24 0.41 [4.02, 4.46]
s 4.54 0.34 [4.31, 4.77]
s 1.74 0.50 [1.52, 2.97]
s 1.91 0.65 [1.69, 2.12]
rs 1.02 0.60 [0.77, 1.28]
al achievers 1.11 0.59 [0.96, 1.26]
mal achievers 1.30 0.58 [1.00, 1.61]
s 1.49 0.75 [1.18, 1.80]
s 2.94 0.71 [2.62, 3.27]
s 3.45 0.70 [3.23, 3.67]
rs 1.69 0.90 [1.35, 2.03]
al achievers 1.91 1.12 [1.64, 2.18]
mal achievers 2.14 0.94 [1.68, 2.59]
s 2.68 1.13 [2.21, 3.15]
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Male students (themale under-to-normal achievers) displayed only
slight underachievement based on only average intellectual potential
that could not be clearly differentiated from normal achievement. Inter-
estingly, whereas real underachievement in physics appeared only for
girls, real overachievement in physics appeared only for boys. Hence,
some boys (the male overachievers) managed to obtain considerably
better grades in physics than their relatively low intellectual potential
would suggest. In line with the results of Hofer (2015), the findings of
the present study may partly reflect a gender bias in physics teachers'
grading favoring male students (or disadvantaging female students, re-
spectively). Closely related, the only student profile with a high corre-
spondence between intellectual potential and physics grades was the
high achievers profile. This finding is consistent with the generally low
correlation between intellectual potential and physics grades in the
overall sample (r=0.11). Although, conceptually, grades should always
be used to define underachievement in the first place, it remains to be
clarified how the students in the different profiles would perform on
an alternative measure of physics knowledge that is distinct from
grades and represents a more objective measure of performance. How-
ever, irrespective of the degree to which grades really reflect the stu-
dents' actual knowledge, grades definitely must be considered the
more apparent and thus more relevant achievement measure in the
context of scholastic underachievement, as evidenced by their substan-
tial effect on academic interests, self-concepts, future school engage-
ment and achievement and on the students' later academic and career
opportunities (see Harackiewicz et al., 2008; Marsh et al., 2005;
Poorthuis et al., 2014; von Maurice et al., 2014).

In linewith prior expectations, physics underachievers were charac-
terized by a considerably low interest and self-concept in physics. They
showed significantly lower manifestations on these two variables than
did the high and overachieving students. We elaborate on this finding
in the next section, which derives implications for physics classrooms.

8.1. Implications for classroom practice

The underachieving girls seem to struggle specifically with physics
classes. They displayed a very low interest in physics. Perhaps the
often uninspiring physics instruction that is largely based on memoriz-
ing and practicing formulae application with little room for deeper
thinking processes (Langer Tesfaye & White, 2012; Seidel et al., 2006;
Taconis, 1995) does not appeal to those intelligent girls (see, e.g., Kang
& Wallace, 2005; Taconis, Ferguson-Hessler, & Broekkamp, 2001;
Zohar, 2006; Zohar & Sela, 2003). According to a study by Kahle and
Lakes (1983), 17-year old girls in particular reported that they experi-
ence science classes as boring memorizing of facts (see also Hart,
1996). In line with this point, enjoyment and interest in physics seem
to diminish through schooling, and this decline is reported to be more
pronounced for girls than for boys (Murphy & Whitelegg, 2006a). The
girls who underachieved in physics also felt rather unable to do physics
and viewed themselves as performing less well than did their class-
mates. Reviewing work on gender differences in science,
Taasoobshirazi and Carr (2008) accordingly concluded that teachers
evaluate the performance and capability of the girls in physics classes
as lower compared with the boys. Moreover, boys receive more atten-
tion and are more often verbally addressed. In line with these findings,
McCullough (2002) described physics teachers as more often calling on
boys than girls, approving of challenging remarks from boys but not
from girls, and putting more demanding questions to boys than girls.
Under certain circumstances, physics teachers' gender-specific evalua-
tions and behavior can even manifest in significant differences in the
grades they assign to female andmale students (Hofer, 2015). Such un-
favorable conditions correspondwith the underachieving girls' low self-
concept and interest in physics and may contribute to the development
of underachievement.

Enhancing students' cognitive activity during physics learning, by
means of teacher questions that stimulate deep-reasoning or teacher
feedback, for example (Jurik, Gröschner, & Seidel, 2014), supports high
ability students with a low self-concept in physics (Huber, Häusler,
Jurik, & Seidel, 2015). More generally, cognitively activating instruction
and unbiased assessment that focus more on conceptual understanding
than on memorizing and practicing formulae application, link to prior
experiences, address a broad range of problem contexts (e.g., from
health physics to aeronautics), and support discussion can be expected
to increase underachieving girls' self-concept and interest in physics
and to positively influence performance (see Häussler & Hoffmann,
2002; Hoffmann, 2002; Hulleman & Harackiewicz, 2009; Lorenzo,
Crouch, & Mazur, 2006; Siegle, Rubenstein, & Mitchell, 2014; Tho,
Chan, & Yeung, 2015; Zohar, 2006; Zohar & Sela, 2003). Importantly,
such a type of instruction and assessment seems to benefit not only fe-
male underachievers but all learners (see Hofer, Schumacher, Rubin, &
Stern, 2016).

8.2. Implications for research and limitations of the present study

As became clear, the statistical approach used to operationalize un-
derachievement offers a useful framework for analyzing a broad variety
of research questions related to underachievement in physics or any
other domain. Based on the present study's methodology, latent profile
and latent transition analyses may be conducted to illuminate the con-
ditions and genesis of (physics) underachievement over time or to in-
vestigate the influence of remediating classroom interventions.
Currently, only referring to a cross-sectional correlational design, we
cannot say how underachievement in physics develops. To obtain a
more comprehensive picture of physics underachievement, a broader
range of student variables, including affective and personality variables
or the students' gender stereotype endorsement, may be added to the
analysis. The inclusion of a variety of objective performance measures
in addition to grades could tell us more about the role of the process
and specific content of the assessment in the context of underachieve-
ment in physics. Examining some of the other student profiles more
closely, the male physics overachievers, for instance, may also provide
valuable new insights concerning predictors of subject-specific school
success.

Thus far, the results can only be generalized to Swiss Gymnasium
students. Without further testing in other countries, there is no guaran-
tee that the findings will also hold true in the context of a different ed-
ucational system.

The number of classrooms and the class sizes in sample 2 were too
small to statistically consider the classroom dependency in the data
(seeMuthén & Satorra, 1995;Wu&Kwok, 2012). At least 30 classrooms
encompassing at least 30 students have been recommended to perform
such analyses reliably (see Hox, 1998). However, the finding that the
profile structure detected in sample 2 (consisting of classrooms) did
not differ significantly from the profile structure detected in sample 1
(consisting of individual students) suggests that classroom-level effects
on the profiles may be neglected.

To conclude, the present study contributes to our understanding of
the gender gap in physics. More than 50% of all boys belonged to the
physics high achievers profile, and the proportion of all girls belonging
to this profile could be comparably high were it not for the group of fe-
males who have the intellectual potential to excel in physics but per-
form poorly in terms of grades. The method applied in this study to
investigate physics underachievementmay help to gain further insights
into the development and prevention of these girls' underachievement
in physics.
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Appendix A

A.1. Additional information related to step 1: identification of profile number

Performing significance tests for generalmodel fit inmixturemodels
with known classes is impossible because there is no unrestricted
model to test against. The model fit, i.e., the correspondence between
data and the specified latent profile model, was therefore primarily
evaluated by inspecting Information Criteria (ICs). The ICs consider
the model's logarithmized Likelihood (Log L), the number of model pa-
rameters (k) and, for most criteria, the sample size.

A.2. Additional information related to step 2: gender differences

Log-likelihood tests compare more-restrictive models with less re-
strictive but nested models via a chi-square distributed test statistic
that yields a p-value (for detailed information on the test, see UCLA:
Statistical Consulting Group, 2014). Therefore, significant change in
the log-likelihood values (adjusted by scaling correction factors), rela-
tive to change in the associated degrees of freedom, was used to deter-
minewhether increasingly restrictive nestedmodels were warranted. If
there were no significant discrepancies inmodel fit, themost restrictive
model was chosen.

A.3. Additional information related to step 5: differences in math achieve-
ment and GPA and step 6: differences in interest and self-concept

To learn more about the domain-specificity and the motivational
correlates of physics underachievement, math grades, GPA, interest,
and self-concept in physics were directly included in the final model
as external outcome variables. In doing so, the probabilistic nature of
profile membership was considered. Consequently, the analysis was
less afflicted with disregarded errors than an analysis that first deter-
ministically categorizes students based on a most likely latent profile
membership variable and then investigates the relationship between
the profiles and external variables (see Asparouhov & Muthén, 2012).
The manual 3-step approach as described by Asparouhov and Muthén
(2012) was conducted to separately include and estimate each external
outcome variable. To examine whether the estimated means of the ex-
ternal outcome variables significantly differed between underachievers
and other student profiles, the chi-square value (χ2) of theWald test of
parameter constraints was used to test the null hypothesis of parameter
equality between two student profiles, with always one degree of free-
dom due to the pairwise comparisons (df= 1).
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