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HIGHLIGHTS

e We examined the stability and change in motivational profiles in mathematics.
e Latent profile analysis identified medium, low, high and mixed motivation profiles.
o Stability in profile membership from Grade 9 to 10 was typical for all profiles.

e Instructional clarity was related to changes in profile membership.

ARTICLE INFO ABSTRACT

Article history:

Received 19 September 2017
Received in revised form

2 October 2018

Accepted 16 December 2018

Person-centered research has shown that individuals can be assigned to different motivational profiles,
but only scattered studies have addressed motivational profiles in specific domains. We investigated the
stability and change in motivational profiles in mathematics classrooms and examined how perceived
teaching predicted changes in profile membership. Data for this study stemmed from the PISA-I Plus
study (N = 6020). Latent profile analysis identified four motivational patterns: Medium, Low, High and
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clarity and teaching for meaning predicted changes in profile membership.
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1. Introduction

Recent research has shown that students can be assigned to
different motivational profiles (e.g., Lazarides, Viljaranta, Aunola,
Pesu, & Nurmi, 2016; Nurmi & Aunola, 2005; Viljaranta, Aunola,
& Hirvonen, 2016) and those are malleable over time (e.g.,
Lazarides, Viljaranta, Aunola & Nurmi, 2018). Only scattered studies
have addressed motivational profiles in specific domains and their
changes across time (Alexander & Murphy, 1998; Braten &
Olaussen, 2005). Addressing such questions, however, is relevant
for educational research and practice because a better under-
standing of the heterogeneity in student motivation and in
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motivational development might increase the quality of teaching:
When teachers are informed about motivational patterns in class,
they can address this heterogeneity by supporting their students
based on students' specific needs.

It is further important to understand how student-perceived
teaching is related to the changes in students' motivational pat-
terns when aiming to better understand how students' perceptions
of their learning environments can contribute to an adaptive
motivational development in class. However, studies that focus on
the relationship between student-perceived teaching practices and
changes in student motivational profiles are largely missing. Such
studies would be a first step to enable teachers to provide teaching
methods that are perceived by students as supportive and that thus
enhance an adaptive motivational development for all students.

This study addressed these research gaps by using a longitudinal
person-centered research approach and investigated the stability
and change in adolescent motivational profiles in mathematics
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classrooms and how changes in student motivational profiles were
related to student-perceived teaching in mathematics.

The findings of this study will enable researchers and educa-
tional practioners to better understand (a) which different groups
of students exist in relation to their interest, utility value and aca-
demic self-concept in mathematics and (b) whether student-
perceived characteristics of teaching are important for students’
changes across these profiles.

1.1. Motivational profiles

This study focuses on students' success expectancies and sub-
jective task value, as these motivational constructs are generally
considered as highly relevant for achievement-related behaviors
(Eccles et al., 1983). Success expectancies are defined as an in-
dividual's ‘beliefs about how well [he or she] will do on an up-
coming task’ (Wigfield & Eccles, 2002, p. 94) and can be
conceptualized empirically in different ways. Common operation-
alizations are academic self-concept and self-efficacy (Wigfield &
Eccles, 2002). In this study, we operationalized success expec-
tancies as student academic self-concept. Academic self-concepts
are subjective beliefs about one's abilities in specific academic
domains (Marsh & Martin, 2011; Wigfield & Eccles, 2000).

Subjective task value, in turn, can be differentiated into four
components: (a) the enjoyment the individual gains from doing a
task (intrinsic or interest value); (b) the personal importance of a
task (attainment value); (c) the fit of a task with the individual's
future plans (utility value) and (d) the perceived cost of partici-
pating in a task (cost value).

Based on the Eccles's et al. model of achievement related choices
(Eccles et al., 1983) this study used motivational variables to iden-
tify student profiles from the 9th to 10th grade. We examined
mathematics-related intrinsic value and utility value, as well as the
students' academic self-concept in mathematics as criterion vari-
ables of motivational profiles. We focused on intrinsic value and
utility value as these constructs play an important role in student
educational and occupational choices at the end of secondary
school (Eccles, 2005). Moreover, we differentiate intrinsic value and
interest as distinct intrinsic values, since intrinsic value refers only
to the affective dimensions of learning, while interest also refers to
cognitive aspects, such as value and knowledge (Renninger & Hidi,
2016).

Against the theoretical backdrop of the Eccles's expectancy-
value model (Eccles et al., 1983), person-centered studies have
already examined domain-specific motivational profiles of children
(Viljaranta, Kiuru, et al., 2016) and adolescents (e.g., Lazarides,
Rubach, & Ittel, 2016; Chow, Eccles, & Salmela-Aro, 2012; Chow &
Salmela-Aro, 2014). These studies have shown profiles that
differed in terms of the mean level of motivation (high/medium/
low), while also showing profiles characterized by the co-existence
of adaptive and maladaptive aspects of learning and motivation. In
particular, studies suggest evidence for profiles with a high aca-
demic self-concept while also exhibiting low interest (Viljaranta,
Aunola, et al., 2016; Viljaranta et al.,, 2017). Lazarides, Rubach
et al. (2016) found another profile with students who focused
only on the utility of mathematics (low intrinsic value, low aca-
demic self-concept, moderate utility value).

Studies that also focused on motivational constructs as criterion
variables of the student profiles (Braten & Olaussen, 2005;
Linnenbrink-Garcia et al., 2018; Tuominen-Soini, 2012) or on both
cognitive and motivational-affective characteristics to form student
profiles (Alexander & Murphy, 1998; Jurik, Groschner, & Seidel,
2014; Pintrich, Anderman, & Klobucar, 1994; Seidel, 2006), identi-
fied profiles characterized by differences in the levels of motiva-
tional and cognitive variables, as well as profiles with inconsistent

levels of motivational and cognitive variables. Seidel (2006), for
example, identified a profile of ‘uninterested’ students with low
interest but with a high academic self-concept in physics. These
students also showed a high general cognitive ability. Linnenbrink-
Garcia et al. (2018) identified a profile of students with high interest
and competence beliefs, but low performance goal orientation.

The special value of our study is to refer to the Eccles's et al.
model of achievement-motivation (Eccles et al., 1983) using a
person-centered research approach. Many previous studies within
the Eccles' et al. theoretical framework have applied variable-
centered research approaches (i.e., Eccles, Wigfield, Harold, &
Blumenfeld, 1993; Fredricks & Eccles, 2002; Jacobs, Lanza,
Osgood, Eccles, & Wigfield, 2002; Wigfield & Eccles, 1994). How-
ever, variable-centered studies do not allow considering different
configurations of relations between variables — for example, aca-
demic self-concept and interest are closely related in variable-
centered studies (Bong, 2004; Lauermann, Tsai, & Eccles, 2017).
The few existing person-centered studies based on Eccles's et al.
model of achievement-motivation (Eccles et al., 1983) suggest that
this is not the case for all students. Viljaranta et al. (2017), for
example, identified a subtype of elementary students with ‘low
skills, negative self-concept but high interest’ and a subtype of
students with ‘high skills but low interest’. Patrick, Mantzicopoulos,
Samarapungavan, and French (2008) identified a ‘low competence
but high liking’ profile among kindergarteners in science. Our study
addressed such intraindividual heterogeneity in the relations
among task values and academic self-concept in an adolescent
sample and examined the role of student-perceived teaching in the
stability and changes of motivational profiles.

1.2. Stability and change of motivational profiles

Domain specific longitudinal person-centered studies focusing
on motivation have mainly examined college students (Alexander
& Murphy, 1998; Braten & Olaussen, 2005). Studies that analyse
the stability and change of motivational profiles of adolescents have
not focused on one specific domain (Hayenga & Corpus, 2010;
Tuominen-Soini, Salmela-Aro, & Niemivirta, 2012), illustrating the
need to investigate which domain-specific motivational profiles
exist in adolescence and how they evolve. This would allow for
greater effectiveness in supporting students based on their indi-
vidual patterns of motivation.

Existing findings indicate that learners’ motivational profiles
remain relatively stable in adolescence and early adulthood (e.g.,
Alexander & Murphy, 1998; Lazarides, Viljaranta et al., 2016). Low
motivation profiles seem to be particularly stable (Hayenga &
Corpus, 2010), while high motivation profiles were described as
less stable (Alexander & Murphy, 1998; Hayenga & Corpus, 2010).
Students in high motivation profiles, however, were unlikely to
change to low motivation profiles (Alexander & Murphy, 1998;
Braten & Olaussen, 2005), but were likely to change to moderate
motivation profiles (Braten & Olaussen, 2005) or to motivational
profiles characterized by both adaptive and maladaptive aspects
(Alexander & Murphy, 1998). The changes in student motivational
profile membership thus might be related to their initial strengths
and weaknesses.

1.3. Perceived teaching and student motivation in mathematics

According to Eccles's socialization model (Eccles & Jacobs, 1986),
adolescents' perceptions of socializers' beliefs and behaviors
influenced their success expectancies and values. We apply this
theoretical model to the classroom context and examine how
student-perceived teaching predicts the change in student moti-
vational profiles. Regarding perceived teaching, we focus on four
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components of effective teaching (Brophy, 2000; Walberg & Paik,
2000). These components are teacher enthusiasm, teaching for
meaning, instructional clarity and teacher support. components are
indicators of instructional quality (Praetorius et al., 2017; Stipek,
Givvin, Salmon, & MacGyvers, 2001) and are related to mathe-
matics motivation (e.g., Ahmed, Minnaert, van der Werf, & Kuyper,
2010; Kunter et al.,, 2013; Wang, 2012).

Teacher enthusiasm, defined as the “degree of intrinsic value,
excitement and pleasure that teachers typically experience in their
professional activities” (Kunter 2008, p. 470), relates positively to
student intrinsic value (Becker, Goetz, Morger, & Ranellucci, 2014;
Frenzel, Pekrun, & Goetz, 2007; Kunter et al., 2013), and interest in
mathematics (Keller, Goetz, Becker, Morger, & Hensley, 2014).

Teaching for meaning is the introduction of new concepts in
reference to students' everyday-experiences (Brophy, 2000). As a
component of cognitive activation in class, it enables students to
build connections between new learning content and previous
knowledge (Hugener et al., 2009). Student-perceived teaching for
meaning has been shown to predict student mathematics self-
concept and task values (Wang, 2012).

Instructional clarity refers to the teacher's ability to explain
content clearly to the students (Stronge, Ward, & Grant, 2011). As a
central component of structuredness in classrooms (Lipowsky,
2015), it enhances persistence in learning (Pascarella, Seifert, &
Whitt, 2008), self-efficacy and interest (Maulana, Opdenakker, &
Bosker, 2016; Schiefele, 2017).

Finally, teacher support refers to constructive teacher feedback,
supportive teaching behaviors or teachers' constructive error
management (Fauth, Decristan, Rieser, Klieme, & Biittner, 2014).
Student-perceived teacher support relates positively to the devel-
opment of intrinsic motivation, effort and interest (Dietrich, Dicke,
Kracke, Noack, 2015; Wentzel, Battle, Russell, & Looney, 2010).

1.4. Validating profiles of mathematics motivation

A pivotal aspect of studies aiming to classify students into pro-
files is the validation of such profiles with external criteria. In this
study, we select gender, mathematics achievement, effort in
mathematics, and mathematics anxiety as validation criteria.

Gender is one antecedent of motivation, especially in math and
science (Eccles et al., 1983). The gender of a child predicts his or her
academic self-concept in mathematics through the ability percep-
tions of the parents (Jacobs, 1991), while interest value and utility
value in math show girls reporting lower interest value and utility
value than boys (Gaspard et al., 2015). Person-centered research
shows that boys are overrepresented in high-math-and-science
motivational profiles, while girls dominate low-math-and-science
profiles (Chow & Salmela-Aro, 2011).

Task values and academic self-concept are assumed to predict
student achievement and achievement-related behaviors, such as
effort (Eccles, 2005). Accordingly, students in low motivation pro-
files report lower mathematics achievement (Lazarides, Rubach
et al., 2016) and show lower levels of effort (Kusurkar, Croiset,
Galindo-Garré, & Ten Cate, 2013) than students in profiles charac-
terized by high levels of motivation. On a variable-centered level,
effort is strongly correlated with student competence beliefs
(Dietrich, Viljaranta, Moeller, & Kracke, 2017).

Finally, Pekrun's control-value theory of achievement emotions
(Pekrun, 2006), describes subjective control over achievement
outcomes and subjective values of achievement activities as prox-
imal determinants of achievement emotions, such as anxiety. In
this vein, previous research found that low motivation profiles
were associated with high levels of anxiety (Yli-Piipari, Watt,
Jaakkola, Liukkonen, & Nurmi, 2009). In line with the theoretical
assumptions of the control-value theory of achievement emotions

(Pekrun, 2006), student task-related interest and competence be-
liefs are to be closely related to student anxiety in class (Meece,
Wigfield, & Eccles, 1990).

2. The present study

This longitudinal study contributes to previous research in
several ways. First, we identify student profiles of motivation in
mathematics (based on students' academic self-concept, intrinsic
value, interest, and utility value in mathematics) and examine
profile stability and change from grade 9 to 10. Second, we inves-
tigate how different facets of student-perceived teaching in
mathematics classes (teachers' enthusiasm, teaching for meaning,
instructional clarity, teacher support) relate to changes in motiva-
tional profiles. We tested the following hypotheses:

(1) We expected that the identified motivational profiles would
reflect level-differences in student motivation (high, me-
dium, low). We also expected to find profiles of students with
adaptive and maladaptive aspects of motivation (e.g., high
interest but low confidence, highly confident, hardly inter-
ested, or utility-focused).

(2) Concerning the validation of these profiles, we expected that
boys would be overrepresented in the high-motivation pro-
file, while girls would be overrepresented in the low-
motivation profile. Furthermore, we expected that the
high-motivation profile would be highest in achievement
and effort, and lowest in anxiety, while the low-motivation
profile would be highest in anxiety and lowest in achieve-
ment and effort. Profiles with inconsistent levels of motiva-
tional variables (e.g., profile of ‘uninterested’ students with
low interest but with a high academic self-concept in
mathematics) were expected to be associated with high
(low) levels of anxiety in particular for profiles characterized
by low (high) academic self-concept in mathematics, and
with high (low) levels of effort for high (low) task value in
mathematics.

(3) On the developmental dimension, we expected the motiva-
tional profiles to be rather stable from grade 9 to 10. Thereby
we expected that the low motivation profile would be
particularly stable (Hayenga & Corpus, 2010), while the high
motivation profile would be less stable (Alexander &
Murphy, 1998; Braten & Olaussen, 2005). We explored the
development of profiles with intraindividual differing levels
of motivation characterized by both adaptive and maladap-
tive aspects.

(4) Finally, concerning perceived teaching, we anticipated that
higher levels of teachers' enthusiasm, teaching for meaning,
instructional clarity, and teacher support in grade 9 would be
associated with a higher likelihood for adaptive changes and
a lower likelihood of maladaptive changes in motivational
profile membership from grade 9 to 10.

3. Method
3.1. Sample

The data for this study stemmed from the German extension of
the Programme for International Student Assessment (PISA),
namely from the PISA-I Plus study in 2003 (Prenzel, Baumert, et al.,
2006; Prenzel et al., 2013). PISA provides evidence regarding the
competencies of students in mathematics, reading and science
(OECD, 2005). The PISA 2003 focused on mathematics. In 2003,
Germany opted for an additional grade-based sampling (random
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Table 1

Descriptives of the study variables in Grade 9 (data for Grade 10 in parentheses).
Variable M SD Range ICC, ICC, N
Self-concept 2.52(2.52) 0.82 (0.86) 1-4 .02 (.03) 35(.38) 4543 (4326)
Interest 2.21(2.24) 0.77 (0.79) 1-4 .09 (.04) 68 (.45) 2010 (4329)
Intrinsic value 217 (2.13) 0.77 (0.76) 1-4 .07 (.05) 62 (.52) 4499 (4333)
Utility value 2.78 (2.78) 0.71 (0.70) 1-4 .05 (.06) 54 (.56) 4547 (4328)
Achievement 538.57 (563.48) 74.44 (73.29) .52 (.45) - 4612 (4612)
Effort 3.23(3.24) 0.61 (0.63) 1-4 .02 (.01) 25 (.21) 2012 (1927)
Anxiety 2.20 (2.19) 0.81 (0.81) 1-4 .01 (.01) 19 (.12) 4499 (4332)
Enthusiasm 3.13 0.80 1-4 17 .81 2475
Meaning 2.40 0.80 1-4 25 .88 2472
Clarity 2.58 0.88 1-4 35 .92 2473
Support 2.71 0.56 1-4 21 .85 4543

Note. Missingness by design is responsible for the varying amounts of N. Meaning = teaching for meaning; Clarity = instructional clarity.

sampling of two entire grade 9 classes per school). These classes
were assessed once more one year later in a national study when
the students were in grade 10. In the German school system, stu-
dents are allocated in different school tracks after elementary
school based on their school achievement. At the Gymnasium
(college-bound track) students mostly enter college after the final
examination in grade 12 or 13. At the Realschule (middle track)
students mostly enter vocational training after the final examina-
tion in grade 10. In this study, data was assessed from those tracks
in spring of grades 9 (Time 1) and 10 (Time 2). We used data from
those students who participated at both time points (N = 6020
adolescents).! Of the 6020 students, we used a subsample of 4612
students (55.6% girls) from 152 schools who participated in both
time points and who did not experience a change of mathematics
teacher. The largest group of students (90.7%) reported that they
were born in Germany. The other groups reported that they were
born in Russia (or countries of the former Soviet Union) (3.7%),
Poland (1.3%), Bosnia and Herzegovina (0.2%), Turkey (0.2%), Greece
(0.1%), Italy (0.1%), other country (1.0%) and 2.7% missing. The
highest educational degree attained by the parents of almost half of
the students (40.9%) was a high-school diploma (“A-levels”; in
German: Abitur) or university of applied sciences entrance quali-
fication (‘Fachhochschulreife’). The parents of 24.9% of the students
reported that their highest degree was a middle school degree (in
German: ‘Realschule’). The parents of 14.3% of the students re-
ported that a degree from vocational school was their highest
educational degree. The parents of 10.3% of the students reported
that a degree from compulsory basic secondary schooling (in
German: ‘Hauptschule’) was their highest educational degree. The
remaining 9.6% were students whose parents reported to have
another school degree (2.5%), to have no school degree (0.6%) or to
have a degree from a polytechnic institute/extended secondary
school (0.4%), and 6.1% were missing data.

3.2. Measures

We based our latent profile analyses on motivational constructs
assessed in grades 9 and 10, and measured validation variables in
both grades. Teacher beliefs and behaviors were assessed via stu-
dent ratings in grade 9. Means and standard deviations of the
variables that were included in the analyses are reported in Table 1.
The response categories for the motivational constructs and for
most scales that assessed perceived teaching ranged from 1
(strongly disagree) to 4 (strongly agree). The response format of
student-perceived teacher support differed with response

T For a more detailed description of the sample see also Prenzel, Carstensen,
Schops, and Maurischat (2006).

categories ranging from 1 (every lesson) to 4 (never or hardly ever).

3.2.1. Motivational constructs

Mathematics self-concept was assessed with a five-item scale.
Example items were “I learn Mathematics quickly” and “I get good
grades in mathematics” Reliabilities were a=0.91 (grade 9) and
a=0.93 (grade 10).

Mathematics interest was assessed with a five-item scale.
Example items were “I am interested in the things I learn in
Mathematics” and “Mathematics is personally important to me”.
Reliabilities were a = 0.87 (grade 9) and a = 0.89 (grade 10).

Mathematics intrinsic value was assessed with a six-item scale.
Example items were “I look forward to my mathematics lessons”
and “Mathematics is fun for me”. Reliabilities were a = 0.91 (grade
9) and a=0.91 (grade 10).

Mathematics utility value was assessed with a four-item scale.
Example items were “I will learn many things in Mathematics that
will help me get a job” and “Mathematics is an important school
subject for me because I need it for my future studies”. Reliabilities
were a=.82 (grade 9) and a = 0.83 (grade 10).

3.2.2. Validation variables

Student achievement in mathematics was measured using the
PISA 2003 mathematics test. The test measured “the capacities of
students to analyse, reason, and communicate ideas effectively as
they pose, formulate, solve, and interpret mathematical problems
in a variety of situations” (OECD, 2003, p. 20). The estimates of
achievement are plausible values based on item response models.
The mean of the scale across OECD countries was 500 points
(SD =100). In our sample, the mean was M = 538.57 (SD = 74.44).

Mathematics effort was assessed with a four-item scale. Example
items were “In mathematics, I try to understand everything as well
as possible” and “In mathematics, I try to do everything as well as
possible”. Reliabilities were a = 0.78 (grade 9) and a = 0.79 (grade
10).

Mathematics anxiety was assessed with a seven-item scale.
Example items were “I am very nervous before mathematics tests”
and “In mathematics, I am often worried that I understand less than
all others”. Reliabilities were a = 0.89 (grade 9) and a = 0.90 (grade
10).

3.2.3. Perceived teaching

All scales measuring perceived teaching in mathematics classes
were assessed via student ratings.

Teachers' enthusiasm was assessed with a three-item scale.
Example items were “Our mathematics teacher seems to enjoy
teaching very much” and “Our mathematics teacher is enthusiastic
about mathematics as subject”. Reliability was a = 0.83 (grade 9).

Teaching for meaning was assessed with a three-item scale.
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Example items were “To explain mathematics topics, our mathe-
matics teacher often uses an example from everyday life” and
“When learning something new in mathematics, we often start
with our own experiences and examples from everyday life”.
Reliability was a = 0.77 (grade 9).

Instructional clarity was assessed with a three-item scale.
Example items were “Our mathematics teacher always explains
things in an understandable manner” and “Our mathematics
teacher explains the usefulness of mathematics using examples
from everyday life”. Reliability was a = 0.89 (grade 9).

Teacher support was assessed with a five-item scale. The anchor
phrase was “How often does the following situation occur in your
mathematics class ...”. Example items were “The teacher shows an
interest in every student's learning” and “Our teacher explains
content until we understand”. Reliability was a = 0.78 (grade 9).

3.2.4. Control variable

Student socio-economic status was measured using the index for
economic, social and cultural status (ESCS). The ESCS index for PISA
2003 was derived from the highest level of parental education,
highest parental occupation and number of home possessions
(OECD, 2005). Example categories for home possessions include
desk, computer, own room, study place, textbooks or dictionary, see
OECD (2005) for more information. Sample mean for ESCS within
our sample was M =0.49 (SD = 0.84).

3.3. Analysis strategy

First, we tested measurement invariance across time (across
grade 9 and 10) for the motivational variables. In line with Byrne
(1989), we tested whether the factor structure (configural invari-
ance), the factor loadings (metric invariance), and the intercepts
remained the same across the two time points (scalar invariance).
Partial metric invariance across time was established, which in-
dicates that the motivational variables reflected the same con-
structs at each measurement occasion. Further information is
provided in Appendix A in the online supplement.

Subsequently, we applied a person-centered analysis approach
that allows for the heterogeneity of the student population by
classifying students into homogenous groups with similar patterns
of variables (Bergman, Magnusson, & El Khouri, 2003). We identi-
fied similar patterns of variables in grades 9 and 10 using the I-
states-as-objects analysis procedure (ISOA; Bergman & El-Khouri,
1999), which allows for studying developmental stability and
change in patterns of variable values (Bergman, Nurmi, & von Eye,
2012). When using ISOA, we applied a correlated latent profile
analysis assuming that criterion variables are intercorrelated. This
applies especially to interest and academic self-concept (Koller,
Trautwein, Lidtke, & Baumert, 2006) and interest and intrinsic
value (Renninger & Hidi, 2016). We evaluated the appropriate
number of latent classes based on the Bayesian information crite-
rion (BIC: lowest; Schwarz, 1978), the entropy value (>0.80) (Rost,
2006), and the adjusted Lo-Mendell-Rubin Likelihood Ratio Test.
Theoretical interpretation and the number of cases per profile were
also used as criteria for model selection (Berlin, Williams, & Parra,
2014). To validate the latent profiles, we computed a multivariate
analyses of variance (MANOVA) with students' most likely latent
profile membership as independent and mathematics anxiety and
effort as dependent variables. Student gender ratio within the
latent profiles was assessed using cross-tabulation with %’-Test.

2 BIC value consistently declined; adjusted LMR LR Test showed a significantly
better fit of the six-class solution in comparison to the seven-class solution; entropy
score showed a good fit to the five-class solution.

To examine stability and change in the profile membership from
grades 9 to 10, we conducted a Configural Frequency Analysis
(ConFa; Bergman et al., 2012), based on a cross-tabulation of cat-
egories over the two measurement points. Going beyond an overall
y2-Test, ConFA provides a test for each cell indicating whether this
cell contains more (called type) or fewer cases than expected by
chance (antitype). We performed ConFA with the ‘confreq’ package
in R (Heine & Alexandrowicz, 2015), using the z-Test with Bonfer-
roni correction for the cell-specific significance tests.

Subsequently, dummy variables with stability being coded as ‘0’
and change being coded as ‘1’ were computed that reflected stu-
dent changes across profiles from grades 9 to 10. We then con-
ducted binary logistic regression analyses to investigate the
relations between student-perceived teachers' beliefs and behav-
iors in grade 9, as well as the change in student motivational profile
membership from grades 9 to 10 when controlling for student
gender, achievement level and socio-economic status. In latent
profile analyses and logistic regression analyses, missing data were
addressed using full-information maximum likelihood (FIML)
estimation which is a theory-based maximum likelihood (ML)
approach for treating missing data (Enders & Bandalos, 2001).
Latent profile analyses and logistic regression analyses were con-
ducted in Mplus (Muthén & Muthén, 1998-2015). We used the
TYPE = COMPLEX function that allows to correct standard errors
and % values when analyzing data nested in clusters. In our study,
students were nested in classrooms (N =217 classrooms; average
classroom size of 21.8 students per classroom). Intraclass correla-
tions (ICCs, see Table 1) showed that only between 2 and 8% of the
variance in motivational variables were due to sharing the same
classroom, while for perceived teaching the amount was between
18 and 35% (Table 1; ICCy). The reliability of the class-mean ratings
(ICC,) was low as values ranged between 0.35 and 0.66 for the
motivational variables (Liidtke, Robitzsch, Trautwein, & Kunter,
2009). Given the relatively low ICCs in motivation, we limited our
interpretations to the student level and only corrected the standard
errors for the nested data structure.

4. Results
4.1. Motivational profiles

After conducting a series of correlated latent profile analyses
(extracting one to eight latent classes), we selected the four-class
solution as the final solution. We selected this solution based on
theoretical criteria as it was not possible to clearly identify a pref-
erable solution by statistical criteria, the reason being a strong
inconsistency in model fit indices® (see Table 2). We decided to
focus on solutions which were characterized by profiles with level
differences in the motivational variables, but also by a profile of
mixed motivation (solutions with three classes upwards). This
‘mixed profile’ was characterized by intraindividual different con-
figurations of motivational variables. Such ‘mixed’ profiles allowed
for an examination of intraindividual mixed patterns of motivation,
which is a primary goal of this study. The ‘mixed’ profile was
characterized by high mathematics self-concept, low interest and
intrinsic value, and medium utility value, and was labeled highly
confident, hardly interested profile. This profile corresponded to
findings of previous research (Seidel, 2006; Viljaranta, Kiuru, et al.,
2016).

We then compared the three and four class solution, because the
profile solutions with more than four classes showed only a
splitting-off of motivation in a wide range of level differences. Here,
the special value of person-centered research allowed us to
examine the emergence and antecedents of intraindividual
different patterns of motivation. Thus, we decided not to focus on
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Table 2
Model fit criteria of the one to eight class solutions in latent profile analysis (N of I-states = 8894).
1 2 3 4 5 6 7 8

BIC 59316.36 58826.16 58413.31 58197.64 57962.74 57824.01 57730.55 57642.42

Entropy 0.606 0.635 0.714 0.804 0.772 0.762 0.755

LMR 535.66 458.32 261.14 280.37 211.34 108.87 61.82

pLMR 0 0.0002 0.0015 0.0016 0.0208 0.6632 0.3425

Note. BIC, Bayesian Information Criterion. LMR: Lo-Mendell-Rubin adjusted likelihood ratio test.

profile solutions that were mostly characterized by level differences
(five-profile solution onwards) that could also be investigated by
means of variable-centered research.

Compared to the three-class solution, the four-class solution
additionally included a medium profile that resembled the profile
that was characterized by high academic self-concept in mathe-
matics/low interest in mathematics in its levels of interest, intrinsic
value, and utility values. The medium profile was also characterized
by lower levels of mathematics self-concept than the highly
confident, hardly interested profile.

We selected the four-profile solution as the final solution
because the ‘medium motivation’ profile is important: It reflects the
student population in which not all students are either highly or
little motivated (Linnenbrink-Garcia et al., 2018; Viljaranta et al.,
2017). The latent profiles of the four-class solution are displayed
in Fig. 1.

In the four-class solution, most of the students (grade 9: 41.5%;
grade 10: 37.5%) displayed a medium motivation profile character-
ized by medium levels of mathematics self-concept, interest,
intrinsic value, and utility values. Almost one third of the students
(grade 9: 33.2%; grade 10: 32.5%) displayed a low motivation profile
that was characterized by low levels of mathematics self-concept,
interest, intrinsic value, and utility values. Every fifth student
(grade 9: 20.1%; grade 10: 20.0%) displayed a high motivation profile
characterized by high mathematics self-concept, interest, intrinsic
value, and utility values. The smallest motivational profile was
characterized by high mathematics self-concept and moderate
levels of utility value, but low levels of mathematics interest and
intrinsic value (highly confident, hardly interested profile; grade 9:
4.5%; grade 10: 4.5%).

The profiles differed statistically significantly in the criterion
variables, F (12, 16701) = 1905.99, p <.001; Wilk's A = 0.10; partial
1 =0.53 (see Appendix B).
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2.50
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Medium (Gr 9: 41.5%; Gr 10:

37.5%) 32.5%)

# Self-concept

Low (Gr 9: 33.2%; Gr 10:

11 Intrinsic value

4.2. Validation of profiles

The motivational profiles in grade 9 differed significantly in
mathematics anxiety, academic effort in mathematics and mathe-
matics achievement in grade 10 when including gender, anxiety,
effort and achievement in grade 9 as covariates, F (9, 4563) = 9.27,
p <.001; Wilk's A =0.02.

Students in the highly confident, hardly interested profile re-
ported significantly lower anxiety than students in the medium and
low motivation profile, significantly lower effort than students in
the high motivation profile, but significantly higher effort than
students in the low motivation profile. They also had significantly
higher mathematics achievement than students in the medium and
low motivation profiles (see Appendix C).

Examination of the  gender  distribution  [x(6,
N =4560) =228.76, p <.001)] for profile membership in grade 9
showed that boys were statistically significantly more often than
expected by chance in the high motivation profile (adjusted re-
siduals = 6.1; observed: n =523, 56.7%; expected: n =400) and in
the highly confident, hardly interested profile (adjusted re-
siduals = 4.3, observed: n =131, 63.0%; expected: n=214). Boys
were statistically significantly less often than expected by chance in
the low motivation profile (adjusted residuals = —8.0, observed:
n =456, 29.9%; expected: n =661). Girls were statistically signifi-
cantly more often than expected by chance in the low motivation
profile (adjusted residuals =7.1; n= 1055, observed: 69.2%; ex-
pected n = 847). Girls were statistically significantly less often than
expected by chance in the high motivation profile (adjusted re-
siduals = —5.4; n =390, observed: 42.3%; expected n=513) and in
the highly confident, hardly interested profile (adjusted re-
siduals = —4.2; n =71, observed: 69.2%; expected n = 116). Similar
results applied to the gender distribution in profiles in grade 10.

|

High (Gr 9: 20.1%; Gr 10:
20.0%)

I

Highly confident, hardly
interested (Gr 9: 4.5%; Gr 10:
4.5%)

= Interest & Utility value

Fig. 1. Mean levels of mathematics self-concept, intrinsic value, interest and utility value in the latent profiles (I-states: N = 8894).
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4.3. Stability and change in profile membership

Table 3 showed the results of a ConFA. It was untypical (less
likely than expected by chance) for students in the medium moti-
vation profile or those in the low motivation profile to move to the
other profiles one year later. Moreover, for students in the high
motivation profile in grade 9 it was untypical to move to the low
motivation or medium motivation profile, but typical (more likely
than expected by chance) to move to the highly confident, hardly
interested profile in grade 10. It was also untypical for students in
the highly confident, hardly interested profile in grade 9 to move to
the low motivation profile. In general, the profile membership from
grade 9 to 10 was rather stable.

4.4. Perceived teaching and change in profile membership

We examined the effects of student-perceived mathematics
teacher beliefs and behaviors in grade 9 on the stability and change
of profile membership when controlling for student gender,
mathematics achievement and socio-economic status using logistic
regression analyses. First, we calculated the mean values and
standard deviations of the teaching variables for each latent profile
(see Appendix D). We further analyzed how perceived teaching in
grade 9 was related to student profile membership in grade 9 and in
grade 10 (see Appendix E). Finally, we conducted the logistic
regression analyses as reported in Tables 4 and 5 for those changes
that pertained to more than 1% (n =46) of the sample. Significant
findings regarding student-perceived teacher beliefs and behaviors
are reported in the text. The non-significant coefficients and the
coefficients of individual variables are not reported in the text, but
in the tables.

Below we first present the findings reflecting adaptive changes
in motivational profiles from lower to higher levels of motivation.
Results are reported in Table 4. Following that we report findings
reflecting maladaptive profile changes. Results are reported in
Table 5. However, not all profile changes can clearly be labeled as
adaptive or maladaptive. This regards the changes from the highly
confident, hardly interested profile to other profiles and vice versa:
Students with a highly confident, hardly interested profile showed
high achievement and low anxiety like students with a high
motivation profile, but their effort was similar to students with a
medium motivation profile (see Appendix C). We therefore report
all findings involving the highly confident, hardly interested profile
in the end of this section. Results are reported in Table 6.

Table 4
Unstandardized regression coefficients predicting changes to more adaptive profiles
from grade 9 to 10.

Variable Low — Medium n =341 Medium — High n =250
B SE OR p B SE OR p
Boys 0.22 009 125 .009 0.16 008 170 .041

Achieve 0.01 0.01 1.00 <.001 0.01 0.01 1.00 .005
ESCS 0.01 0.08 1.01 910 -0.05 010 095 .599
Enth -022 016 080 .058 0.22 019 125 241
Meaning  0.30 013 135 .025 0.15 014 116 .291
Clarity 0.32 012 137 .006 -0.06 015 094 .664
Support -0.08 013 093 .554 0.32 015 137 .036

Note. N=4251. Achieve = Standardized test result; ESCS =economic, social and
cultural status, Enth =Teacher enthusiasm; Meaning = teaching for meaning,
Clarity = instructional clarity; High = High motivation profile; Low = Low motiva-
tion profile; Medium = Medium motivation profile.

Table 5
Unstandardized regression coefficients predicting change to more maladaptive
profiles from grade 9 to 10.

Variable Medium — Low n =390 High — Medium n= 799
B SE OR p B SE OR p

Boys -0.04 0.09 096 .632 0.10 009 111 292
Achieve —-0.01 001 099 <.001 -0.01 0.01 099 .005
ESCS 0.05 008 1.05 .500 0.09 0.10 1.05 371
Enth 0.18 014 120 .187 0.17 022 118 .446
Meaning -0.02 0.13 098 .852 0.02 016 1.02 .883
Clarity -037 013 0.69 .006 -035 0.17 0.70 .038
Support -0.10 015 090 472 -0.01 0.18 099 952

Note. N=4251. Achieve = Standardized test result; ESCS = economic, social and
cultural status, Enth =Teacher enthusiasm; Meaning = teaching for meaning,
Clarity = instructional clarity; High = High motivation profile; Low = Low motiva-
tion profile; Medium = Medium motivation profile.

4.4.1. Changes to more adaptive motivation profiles

Change from low motivation to medium motivation profile
(n=341). Students in the low motivation profile in grade 9 who
perceived high levels of teaching for meaning in mathematics
(B=0.30,SE=0.13, p=.03, OR = 1.35) or those who perceived high
levels of instructional clarity (B =0.32, SE=0.12, p =.01, OR=1.37)
were more likely to change to the medium motivation profile in
grade 10 than to stay in the low motivation profile. Furthermore,
students in the low motivation profile with high mathematics
achievement were significantly more likely to change to the me-
dium motivation profile instead of staying in the low motivation
profile in grade 10 (B=0.01, SE=0.01, p<.001, OR=1.00).

Table 3
Transition probabilities for motivational profiles from Grade 9 to 10 (cross tabulation of most likely latent profile memberships) and configural frequency analysis results.
Profile Grade 9 Profile Grade 10 N (observed) % of Profile Grade 9 N (expected) =z p Type/Antitype
Medium Medium 1093 60.9 711.49 14.30 <001 T
Low 390 21.7 617.24 -9.15 <001 A
High 250 13.9 379.94 —6.67 <001 A
Highly confident, hardly interested 62 3.5 86.33 -2.62 .004 A
Low Medium 341 239 566.42 -9.47 <001 A
Low 1056 73.9 491.38 2547 <001 T
High 19 13 302.47 -1630 <001 A
Highly confident, hardly interested 13 0.9 68.73 —6.72 <001 A
High Medium 205 232 349.60 -7.73 <001 A
Low 23 2.6 303.29 -16.10 <.001 A
High 594 67.3 186.69 29.81 <001 T
Highly confident, hardly interested 60 6.8 42.42 2.70 .003 T
Highly confident, hardly interested = Medium 67 33.8 78.48 -1.30 .097
Low 11 5.6 68.08 —6.92 <001 A
High 48 24.2 41.91 0.94 173
Highly confident, hardly interested 72 36.4 9.53 20.25 <001 T

Note. %> (9, N=4304) = 3063.97, p <.001. Bonferroni corrected alpha =.003.
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Table 6
Unstandardized regression coefficients predicting changes involving the highly
confident, hardly interested profile.

Variable Medium — Highly confident, High — Highly confident,
hardly interested n =62 hardly interested n =60
B SE OR p B SE OR p
Boys 0.23 010 126 .022 -0.15 0.14 086 .294
Achieve 0.01 001 101 .002 0.01 0.01 1.01 .078
ESCS 0.05 016 1.05 .746 -0.18 0.17 084  .287
Enth —-087 028 042 .002 0.19 0.38 120 .627

Meaning  0.05 0.26 1.05  .862 -0.07 0.27 050 778
Clarity 0.09 0.30 1.21 753 —-070 027 050 .011
Support 0.21 0.32 124 504 052 030 060 .080

Note. N=4251. Achieve = Standardized test result; ESCS = economic, social and
cultural status, Enth=Teacher enthusiasm; Meaning =teaching for meaning,
Clarity = instructional clarity; High = High motivation profile; Low = Low motiva-
tion profile; Medium = Medium motivation profile.

Compared to girls, boys who were in the low motivation profile in
grade 9 were more likely than expected by chance to change to the
medium motivation profile instead of staying in the low motivation
profile in grade 10 (B=0.22, SE=0.09, p =.009, OR = 1.25).

Change from medium motivation to high motivation profile
(n=250). Students in the medium motivation profile in grade 9
who perceived high levels of mathematics teacher support were
more likely to change to the high motivation profile instead of
staying in the medium motivation profile in grade 10 (B=0.32,
SE=0.15, p=.01, OR = 1.37). Students in the medium motivation
profile with high mathematics achievement were more likely to
change to the high motivation profile instead of staying in the
medium motivation profile in grade 10 (B = 0.01, SE = 0.01, p <.001,
OR = 1.00). Compared to girls, boys who were in the medium
motivation profile in grade 9 were more likely than expected by
chance to change to the high motivation profile instead of staying in
the medium motivation profile in grade 10 (B=0.16, SE =0.08,
p=.041, OR = 1.70).

4.4.2. Changes to more maladaptive motivation profiles

Medium motivation to low motivation profile (n =390). Students
in the medium motivation profile in grade 9 who perceived high
levels of instructional clarity in mathematics were less likely to
change to the low motivation profile instead of staying in the me-
dium motivation profile in grade 10 (B= —0.37, SE=0.13, p=.01,
OR = 0.69). Furthermore, students in the medium motivation pro-
file with high mathematics achievement were less likely to change
to the low motivation profile instead of staying in the medium
motivation profile in grade 10 (B=-0.01, SE=0.01, p<.001,
OR =0.99).

Change from high motivation to medium motivation profile
(n=205). Students in the high motivation profile in grade 9 who
perceived high levels of instructional clarity in mathematics were
less likely to change to the medium motivation profile instead of
staying in the high motivation profile in grade 10 (B= —0.35,
SE=0.17, p <.01, OR = 0.70). Students in the high motivation profile
with high mathematics achievement were less likely to change to
the medium motivation profile instead of staying in the high
motivation profile in grade 10 (B=-0.01, SE=0.01, p<.005,
OR =0.99).

4.4.3. Changes involving the highly confident, hardly interested
profile

Change from medium motivation to highly confident, hardly
interested profile (n=62). Students in the medium motivation
profile in grade 9 who perceived high levels of mathematics teacher
enthusiasm were less likely to change to the highly confident,

hardly interested profile instead of staying in the medium moti-
vation profile in grade 10 (B= —0.87, SE=0.28, p =.01, OR=0.42).
Students in the medium motivation profile with high mathematics
achievement were more likely to change to the highly confident,
hardly interested profile instead of staying in the medium moti-
vation profile in grade 10 (B =0.01, SE=0.01, p <.001, OR=1.01).
Compared to girls, boys who were in the medium motivation profile
in grade 9 were more likely than expected by chance to change to
the highly confident, hardly interested profile instead of staying in
the medium motivation profile in grade 10 (B=0.23, SE =0.10,
p=.041, OR = 1.26).

Change from high motivation to highly confident, hardly interested
profile (n=60). Students in the high motivation profile in grade 9
who perceived high levels of instructional clarity in mathematics
were less likely to change to the highly confident, hardly interested
profile instead of staying in the high motivation profile in grade 10
(B=-0.70, SE=0.27, p=.01, OR = 0.50).

5. Discussion

This study identified adolescents’ motivational profiles in
mathematics and investigated their stability and change from grade
9 to 10. Our person-centered longitudinal study contributes to
current research by extending knowledge regarding the stability
and change of motivational profiles of adolescents in mathematics.
Beyond that, this study enriched research on teaching as it inves-
tigated how teaching characteristics related to changes in profiles
of student motivation. Previous longitudinal research on the asso-
ciations between perceived teaching and student motivation in
mathematics (Dietrich et al., 2015, Lazarides & Watt, 2015; Kunter
et al,, 2013; Wang, 2012) had primarily applied variable-centered
approaches and had not focused on specific patterns of motivation.

5.1. Motivational profiles — stability and change

Our study built upon previous variable-centered research that
showed strong and positive relationships between students' in-
terest in mathematics and their mathematics self-concept (Marsh,
Trautwein, Liidtke, Koller, & Baumert, 2005) as well as between
students' interest and their utility value (Eccles, 2005; Gaspard
et al., 2015). It is, however, important to go beyond such variable-
centered findings and to gain knowledge about the differences
among subgroups of students in classrooms.. Such knowledge will
help to understand that motivational stability and change do not
occur for all students equally. For example, stable motivational
profiles of students would indicate that teachers can plan their
instruction based on students' stable motivational needs (e.g.,
providing instructional clarity to all students, especially to those
who need it to remain interested in class). However, understanding
not only stability but also the changes across student motivational
profiles could help to identify and address students who might be
‘at risk’ for a motivational decline in mathematics.

In line with our expectations (Hypothesis 1), we identified
motivational profiles in mathematics that reflected relative level-
differences in student motivation (labeled high, medium, and low
profile). As hypothesized, we also identified a highly confident,
hardly interested profile. This profile resembles a profile reported
by previous research that focused on 9th graders in physics classes
("'uninterested’ group; Seidel, 2006), on elementary school students
in the reading domain (Viljaranta et al., 2017), and on kindergar-
teners in science (Patrick et al., 2008). However, the previous
studies included cognitive variables to form the student profiles.
Seidel (2006), for example, identified an ‘uninterested’ group with
high cognitive ability and pre-knowledge, but low interest and an
intermediate probability for high academic self-concept in physics.
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Viljaranta et al. (2017) showed a ‘positive self-concept but low in-
terest’ profile as well as a ‘high skills but low interest’ profile.
Patrick et al. (2008) found a profile of students with low compe-
tence and ease, and medium levels of liking (13.6%) in their study.
Moreover, other findings of Linnenbrink-Garcia et al. (2018) iden-
tified a ‘intrinsic and confident’ profile among college students in
science with high levels of science interest and competence beliefs
but low levels of performance goal orientations. Compared to our
study, the other cited studies (Patrick et al., 2008; Seidel, 2006;
Viljaranta et al., 2017) focus on younger students’ motivation in
specific school subjects and found other configurations of motiva-
tional variables. It might thus be assumed that the combination of
motivational variables varies by students' age. However, further
research is needed to address this question.

Even though we did not include cognitive variables, our findings
point to similar profiles, and this may be an indication of the
generalization of different profiles between school subjects. How-
ever, further research is needed to investigate this assumption.

Our findings also point to the medium motivation profile as an
important subgroup among students. In this study, this profile can
be seen as a group of students who are not ‘at risk’ for a maladaptive
development in school because their anxiety levels are not partic-
ularly high. However, students in this group need to improve
certain aspects of their academic behaviors given that their levels of
effort are relatively low.

Concerning Hypothesis 2, our findings are in line with Eccles's
expectancy value theory (Eccles et al., 1983) that conceptualizes
gender as one antecedent of student motivation, especially in math
and science. Corresponding with previous person-centered
research (Chow & Salmela-Aro, 2011), we showed that boys were
overrepresented in high-math-and-science motivational profiles,
while girls dominated low-math-and-science profiles. Interest-
ingly, girls were underrepresented in the highly confident, hardly
interested profile which reflects their comparably lower mathe-
matics self-concept (Marsh & Yeung, 1998). It is important to
acknowledge, however, that the gender differences that we found
may be reversed when focusing on language arts since studies have
shown that girls report higher interest in reading than boys
(McGeown, Goodwin, Henderson, & Wright, 2012). Consequently,
our gender-specific findings cannot be generalized to other
domains.

Even if the motivational profiles found in this study were
anticipated, are plausible and showed plausible relations to vali-
dation variables such as achievement, anxiety or effort (in line with
Hypothesis 2), we still could not find a clearly best fitting empirical
model to portray the different motivational profiles. Furthermore,
even if other studies (Seidel, 2006; Viljaranta et al., 2017) have
found similar types of mixed-motivation, one may raise the ques-
tion of whether or not the group of highly confident, hardly inter-
ested students with only 4.5% of the sample is substantial.
Consequently, further research is needed to investigate the devel-
opment of such ‘mixed’ motivational profiles.

Regarding the stability and change of the identified profiles
(Hypothesis 3), the profiles were relatively stable as 61—74% of the
students remained in the medium, low and high motivation profiles
from grade 9 to 10. It is important to note that this is only a relative
stability as students still changed to other profiles. For example,
although 74% of the students remained in the low motivation
profile from grade 9 to 10, 26% of the students changed to other
profiles. The highly confident, hardly interested profile showed
lower stability than the other profiles as 36% of students remained
in this profile compared to, for example, 74% who remained in the
low motivation group (see Table 3). This relatively low stability
contradicted prior findings that indicated a relatively high stability
profiles with inconsistent patterns of motivation (Alexander &

Murphy, 1998; Hayenga & Corpus, 2010). A possible interpreta-
tion for the low stability of the highly confident, hardly interested
profile is that students may have an inherent tendency to balance
out motivational discrepancies.

Despite the relative stability of profiles, this study identified one
instance of systematic change: More students moved from the high
motivation profile to the highly confident, hardly interested profile
than expected by chance, indicating that a small group of highly
motivated students tended to decrease their math task values from
grade 9 to 10 while remaining high on mathematics self-concept
(and high on achievement/low on anxiety). Taken together, the
relative stability in motivational profiles was in line with Hypoth-
esis 3 and earlier studies (Alexander & Murphy, 1998; Lazarides,
Viljaranta et al., 2016; Hayenga & Corpus, 2010). Partly corrobo-
rating Hypothesis 3, students in a high motivation profile were the
only group where systematic changes occurred. This agrees with
previous studies reporting a lower stability of high compared to
low motivational profiles (Alexander & Murphy, 1998; Braten &
Olaussen, 2005).

5.2. Perceived teaching and student motivation in mathematics

This study not only investigated the stability and change of
adolescents’ motivational profiles within the domain of mathe-
matics, but also examined how specific student-perceived teacher
behaviors were related to specific changes within specific groups of
students (Hypothesis 4). Many variable-centered longitudinal
studies have analyzed the relations between student-perceived
mathematics teaching and their motivation (e.g., Kunter et al.,
2013; Rakoczy, 2008; Wang, 2012). However, these studies could
not address the heterogeneity in students’ motivational develop-
ment, leaving open the question whether teaching relates to
motivation in the same way for all students or just for the students
in a certain motivational profile.

In this study, the factor most relevant for changes in motiva-
tional profiles was perceived instructional clarity. Students who
perceived that their teachers made efforts to present mathematical
problems in an understandable manner were less likely to experi-
ence a decrease in their mathematics interest, utility value and self-
concept (e.g., changes from the high motivation profile to the me-
dium motivation profile, and from the medium to the low moti-
vation profile). Moreover, students with high motivation perceiving
high instructional clarity were less likely to lose their mathematics
interest (to change from the high motivation profile to the highly
confident, hardly interested profile) which points to the impor-
tance of clear instruction especially for sustaining high interest and
intrinsic value. Student-perceived instructional clarity (and also
student-perceived teaching for meaning) moreover related to
adaptive motivational changes as students who perceived high
instructional clarity were more likely to change from the low to the
medium motivation profile. Going beyond previous research, our
findings showed that student-perceived instructional clarity was
relevant for specific changes and irrelevant for others — for
example, student-perceived teacher support but not student-
perceived instructional clarity was predictive for changes from
the medium motivation profile to the high motivation profile.
Consequently, students who have low interest, academic self-
concept and utility value in mathematics might especially benefit
from instruction that they perceive as being understandable and
clear while students who already have a certain level of mathe-
matics interest, self-concept and utility value (medium profile)
might benefit more from perceived teachers' support when they
need help in concrete learning situations.

Furthermore, those students in the medium profile might have
been affected by perceived teacher enthusiasm as high enthusiasm
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related to lower chances of making the change to the highly
confident but hardly interested profile. Stated differently, low
perceived teacher enthusiasm may increase the odds that some
students with moderate levels of motivation lower their interest
and intrinsic value in mathematics, but at the same time their self-
concept might still go up. This finding extends previous variable-
centered research on perceived teacher enthusiasm in mathe-
matics (Frenzel, Goetz, Liidtke, Pekrun, & Sutton, 2009; Kunter
et al,, 2013) adding a more nuanced view to the relationship be-
tween enthusiasm and student motivation.

Interestingly, profile changes in students who were in the highly
confident, hardly interested profile in grade 9 to other profiles in
grade 10 were not significantly related to perceived teaching. A
possible explanation for the nonsignificant effects of perceived
teaching on students in the highly confident, hardly interested
profile is the small number of students in this group limiting the
statistical power to detect effects. Further studies are therefore
needed to validate the findings related to this profile.

In general, we assumed that the teaching measured during the
9th grade was related to the motivation during the 10th grade
because a student who had the same mathematics teacher for both
grades would likely experience relatively similar teacher practices
in 9th and 10th grade. Also, we assumed that teaching in the last
year of the German middle school was particularly relevant for
students’ motivation in school subjects. In 10th grade, students
have to make career choice relevant decisions, such as course se-
lections or occupational choices (Nagy, Trautwein, Baumert, Koller,
& Garrett, 2006). Related calibration processes of personal interests
and abilities might lead to an up- or a downgrading of school
subjects like mathematics, and students may use school experience
as a source of information for this process (Cramer, Herr, & Niles,
2004).

5.3. Limitations

The nature of the study, being based on student ratings of
teaching presents one caveat of the present study. Socialization
processes operate through individuals' perceptions of others' be-
haviors (Eccles et al., 1983), and therefore it is highly important to
focus on student perceptions of their classroom environment.
However, further research is needed that includes multiple per-
spectives on instructional quality because teachers' perceptions of
the classroom environment are also relevant for student academic
development (Clausen, 2002). Another issue related to the
perceived teaching scales might be that the items assessed
perceived teaching referring to different levels of frequency of
shown teaching behavior (see example items). We do not know
how this difference in the wording might have affected the find-
ings. Consequently, further studies with a greater focus on the
methodological aspects of assessing teaching behaviors using stu-
dent ratings should address this point.

Second, we did not consider bidirectional effects between so-
cializers' behaviors and student motivation (Lazarides, Rubach &
Ittel, 2017), because our data set only includes the perceptions of
students regarding teaching in classrooms. Future research could
investigate reciprocal changes in student motivation and teaching
behaviors by using observational data of teaching or obtaining
teacher-reports of their behavior.

Third, one further limitation is the high amount of missing data
on some teaching variables caused by missing by design. More
information about the multiple matrix sampling design that was
applied in the PISA studies is provided by Prenzel, Baumert, et al.
(2006) and Baumert et al. (2001). Problems that can occur when
using this design are position effects that can cause of biased item
parameter estimates — accurate answers may be given more

frequently if an item is presented in a cluster at the beginning of a
booklet rather than at the end of a booklet (Frey, Hartig, & Rupp,
2009).

5.4. Implications for teacher training and teaching practice

The findings of this study have practical implications for teacher
training and teaching practice. Teacher training should take into
consideration the different types of learners characterized not only
by differing levels in motivation, but also by both adaptive (high
academic self-concept in mathematics) and maladaptive (low in-
terest and intrinsic value, moderate utility value in mathematics)
patterns of motivation. Because students' motivation is much more
than the level of their intrinsic values and expectancies
(Linnenbrink-Garcia et al., 2018), future research should focus on
other important motivational indicators such as goal orientations
or attributions.

Regarding teaching practices, we identified high instructional
clarity as highly important especially for motivational changes
across these patterns. In this study we assessed explanatory clarity,
that is, the ways in which instructors expand upon details that give
substance to structure (Titsworth & Mazer, 2016). Related teaching
practices include for example explanations of content (Stronge
et al., 2011) or the provision of definitions, examples, illustrations,
and other information to assist students in schema development
(Titsworth & Mazer, 2016). Even though teachers should strive for
clarity and teach for meaning in all classrooms, we suggest that if
teachers have students with particularly low motivation in math-
ematics, a special emphasis on clear and understandable explana-
tions and tasks that are related to students' everyday life might help
to increase these students' motivation.

Moreover, because in our study perceived teacher support
positively predicted the change from the medium to the high
motivation profile, we conclude that when students already show
some interest and have some beliefs in their competency in
mathematics, strongly supportive teaching when struggling with
problems seem to be a good way to increase students' motivation.
This may take place for example by showing interest in every stu-
dent's learning.

It is important to note that many teachers probably already
teach in an understandable and clear manner. Our findings do not
suggest that these teachers should change their teaching. In the
sense of differentiated instruction (Tomlinson et al., 2003), our
findings provide deeper knowledge about how specific groups of
students will especially benefit from specific aspects of teaching.

Our findings have also implications for school counselling and
school psychologists who are informed by the findings of this study
about students ‘at risk’ for a maladaptive motivational develop-
ment. Students in the low motivation group are, for example, such a
risk group as they are highly likely to remain in their profile. The
low motivation profile was also characterized by high levels of
anxiety and low levels of effort. Given that high levels of mathe-
matics anxiety have been shown to be relevant for achievement
(Ma, 1999), educational decisions (Meece et al., 1990) and high
school completion (Duchesne, Vitaro, Larose, & Tremblay, 2008),
students in the low motivation group are important to address in
school psychology and counselling. However, the other groups are
also relevant— students in the highly confident, hardly interested
profile, for example, reported low effort in mathematics, which
may in the long run lead to a decline in their high performance.

Taken together, the implication of our findings for teaching
practices show that clear explanations and instructions and
teaching for meaning may lead to an adaptive motivational devel-
opment in highly heterogeneous groups of students. For teacher
education and training, our findings emphasize the need to reflect



174 R. Lazarides et al. / Teaching and Teacher Education 79 (2019) 164—175

and discuss such educational practices that allow teachers to
address the needs of different groups of students effectively in their
mathematics classrooms.
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