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1 Introduction

Emotions are ubiquitous in academic learning and achieve-
ment situations in and outside of school (cf. Pekrun and Ste-
phens 2012). Kleine et al. (2005) consider specifically math-
ematics as “an emotionally intense subject for students due 
to its difficult nature, and as such, its implications for stu-
dents’ overall performance” (p. 222; see also Goldin 2014). 
Reiss and Reiss (2006) stress that in mathematics instruc-
tion, besides subject-specific and subject-didactical aspects, 
factors such as enjoyment of learning should also be consid-
ered, as these interact with achievements. Indeed, Luo et al. 
(2016) as well as Schukajlow et al. (2012) deem such factors 
to be goals in their own right, and not merely of the math-
ematics instruction. Qualitative studies show that enjoyment, 
or enjoyment of learning, is the most frequently mentioned 
positive emotion in academic learning and achievement situ-
ations (Pekrun and Stephens 2012). Experiences in school 
learning and achievement situations are central to the devel-
opment of a greater or lesser amount of enjoyment of learn-
ing. Nevertheless, experiences in learning and achievement 
situations outside of school also play an important role in 
this regard. As Grolnick et al. (2009) make clear, what hap-
pens in the family is not without consequences for what hap-
pens in school, and ultimately for children’s overall learning 
and achievements (see also Gonida and Cortina 2014; Jullien 
2006; Lorenz and Wild 2007; Pomerantz et al. 2007).

Abstract Positive and negative emotions are ubiquitous in 
everyday school life, and can foster or impair processes of 
learning and achievement. However, learning- and achieve-
ment-related emotions are not based solely on experiences 
from respective situations in the school context. Rather, 
experiences outside of school, e.g. learning at home, are 
also important. The present study focused on the impor-
tance of perceived parental support for children’s enjoy-
ment of learning in the subject of mathematics. We were 
interested in the following two characteristics of perceived 
parental support: perceived parental control, in the sense of 
intrusive parental support, and perceived parental structure, 
in the sense of clarity of parents’ learning-related expecta-
tions. The central question concerned the predictive effects 
of intraindividual changes in perceived parental control and 
perceived parental structure with respect to intraindividual 
changes in enjoyment of learning. This issue was tested by 
means of a latent change model. Data were analyzed of 396 
children (six measurement time points from the sixth to the 
eighth school year). The results showed the expected indi-
rect positive effects of intraindividual changes in perceived 
parental structure, and indirect negative effects of intrain-
dividual changes in perceived parental control, with regard 
to intraindividual changes in enjoyment of learning. In both 
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The present study focuses on the importance of learning-
related parental support for enjoyment of learning in the 
subject of mathematics, on the theoretical basis of the con-
trol-value theory of achievement emotions (Pekrun 2006; 
Pekrun and Perry 2014; Pekrun and Stephens 2012).

2  Control‑value theory of achievement emotions 
(CVTAE)

The CVTAE distinguishes between different achievement 
emotions (e.g., anxiety or enjoyment) and explains both 
their emergence and their consequences. Pekrun and Perry 
(2014) define achievement emotions generally as affective 
arousal during achievement-related activities (e.g. learning) 
or relating to achievement outcomes (e.g. success or failure 
in a test). Besides the object focus (activity vs. outcome), 
achievement emotions are further differentiated accord-
ing to their valence (positive or negative) and their activa-
tion (activating vs. deactivating). Valence refers to whether 
an emotion is experienced as (rather) pleasant or (rather) 
unpleasant, while activation refers to the degree to which 
the emotion stimulates the individual to be active or pas-
sive. Pekrun (2006) elaborates further that achievement 
emotions are either momentary or habitual, recurring indi-
vidual experiences in specific achievement-related situa-
tions (state-like vs. trait-like emotions): “The defining char-
acteristic separating trait from state achievement emotions 
is temporal generality rather than situational generality, 
since trait achievement emotions can be situation-specific” 
(p. 317). In the present study, we focus on enjoyment of 
learning as a trait-like emotion.

2.1  Enjoyment of learning

According to the taxonomy of the CVTAE, enjoyment of 
learning is an activity-related, positive, activating achieve-
ment emotion. It manifests itself, for instance, when the 
learner enjoys dealing with the learning content, is stimu-
lated when learning, and does more than is actually neces-
sary out of pleasure. The learner enjoys challenges and has 
fun learning new things. Pekrun and Stephens (2012) state 
that enjoyment of learning contributes, among other things, 
to a focusing of attention on the object of learning. Moreo-
ver, they claim that it facilitates the use of flexible learn-
ing strategies and supports self-regulation during learning. 
All of this should have a positive impact on achievement. 
Accordingly, numerous empirical studies show a positive 
relationship between enjoyment of learning and achieve-
ment, for instance also in mathematics (e.g., Ahmed et al. 
2010, 2013; Goetz et al. 2012).

2.2  Antecedents of enjoyment of learning

The CVTAE assumes that enjoyment of learning is influ-
enced by the most diverse of personal and contextual char-
acteristics and processes.

2.2.1  Personal antecedents: perceived value and perceived 
control

Cognitive appraisals and beliefs are deemed to be cru-
cial to the emergence of enjoyment of learning (Pekrun 
2006; Pekrun and Stephens 2012). Appraisals can be seen 
as rather fleeting and situation-specific, while beliefs are 
rather temporally stable and cross-situational in nature. 
Appraisals and beliefs refer to the subjectively perceived 
value and control of activities, objects or events. Perceived 
value comprises, among other things, appraisals and beliefs 
regarding the importance or the instrumental usefulness of 
activities, objects or events (with respect to various value-
related constructs, cf. Eccles 2005; Pekrun 2006). Per-
ceived control includes, among other things, the academic 
self-concept or academic self-efficacy (with respect to 
various control-related constructs, cf. Pekrun 2006; Skinner 
1996). The academic self-concept refers to the subjective 
assessment of one’s own academic competence. Academic 
self-efficacy includes subjective, future-oriented assump-
tions regarding the chances of success of one’s one actions. 
It is postulated that enjoyment of learning occurs when 
both perceived value and perceived control are positive 
(e.g., Pekrun 2006, p. 323). This assumption is also sup-
ported in mathematics by several empirical findings (e.g., 
Dinkelmann and Buff 2016a; Frenzel et al. 2007; Jullien 
2006; Luo et al. 2016).

2.2.2  Contextual antecedents: parental control 
and parental structure

In terms of contextual influences, characteristics and pro-
cesses in the close social environment are central to the 
emergence of enjoyment of learning. This includes the way 
in which parents support their children when learning, par-
ticularly with regard to those characteristics and processes 
which influence perceived value and perceived control. It 
is mainly through these that events in the close social envi-
ronment gain their emotional significance (Pekrun and Ste-
phens 2012). Accordingly, primarily indirect effects of the 
close social environment on enjoyment of learning are pos-
tulated, via perceived value and perceived control. The cen-
tral question is: What type of parenting increases or impairs 
perceived value and perceived control? In the following, 
the focus is on two characteristics with a long tradition in 
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research on parenting: parental control and parental struc-
ture (Connell and Wellborn 1991; Skinner et al. 2005).

Parental control (e.g., Grolnick and Pomerantz 2009; 
Soenens and Vansteenkiste 2010) is expressed, for instance, 
through strict implementation of rules and enforcement of 
obedience by means of threats or punishments. It is also 
apparent, however, in withdrawal of love, humiliation, or 
inducing feelings of guilt. A further form is intrusive paren-
tal support. This manifests itself through unsolicited help or 
interference, which takes away or limits the child’s possi-
bility to solve problems independently. Gonida and Cortina 
(2014) see intrusive parental support as a particularly prob-
lematic form of parental control. As many parents deem 
“helping” to be fundamentally positive, they are unaware of 
the possible negative consequences of unsolicited help. The 
common feature of the different forms of parental control is 
“pressure, intrusion, and dominance” (Pomerantz and Grol-
nick 2009, p. 166). It is assumed that parental control, in its 
various manifestations, primarily impairs a child’s need for 
autonomy and thus negatively influences perceived value 
and/or perceived control (e.g., Grolnick et al. 2009; Skinner 
et al. 2005). Some empirical findings at least partly support 
the postulated negative relationships: for mathematics (e.g., 
Dinkelmann and Buff 2016b; Jullien 2006), for other sub-
jects or for learning in general (e.g., Dumont et al. 2012; 
Gonida and Cortina 2014; Skinner et al. 2005; Vansteenk-
iste et al. 2005).

Parental structure (e.g., Farkas and Grolnick 2010) 
encompasses, as Grolnick and Pomerantz (2009) describe, 
features of parenting “characterized mainly by guidance” 
(p. 165). Parental structure is manifested, for example, in 
the clear communication of rules (and advocating them 
consistently), in positive and constructive feedback, or in 
hints and assistance when problems and difficulties arise. 
A facet which is mentioned in virtually all conceptions of 
parental structure is the clarity of parental expectations. It 
is assumed that parental structure, in its various manifesta-
tions, primarily contributes to the satisfaction of children’s 
need for competence, and thus positively affects perceived 
control and/or perceived value (e.g., Grolnick et al. 2009; 
Skinner et al. 2005). A series of studies at least partly sup-
port the postulated positive relationships: for mathematics 
(e.g., Dinkelmann and Buff 2016b; Jullien 2006; Lorenz 
and Wild 2007), for other subjects or for learning in general 
(e.g., Farkas and Grolnick 2010; Grolnick et al. 2014; Skin-
ner et al. 2005).

In terms of the primarily indirect positive effects of 
parental structure and negative effects of parental control 
on enjoyment of learning postulated by the CVTAE, the 
findings are sparse. Although the results and comments of 
Jullien (2006) appear to confirm these assumptions, the 
study does not report any separate results for parental struc-
ture and parental control.

3  The present study

3.1  Research deficits: Indirect effects 
and intraindividual relationships

Based on the available findings, with the exception of indi-
rect effects, the theoretical assumptions of the CVTAE 
concerning the relationships between parental control, 
parental structure, perceived control, perceived value and 
enjoyment of learning appear to be fairly well evidenced, 
also in mathematics. However, it should be noted that all of 
the aforementioned studies that demonstrate this are based 
on analytical procedures in which interindividual differ-
ences or relationships between interindividual differences 
were examined. Selig and Preacher (2009, p. 149) point 
out that such studies provide evidence about relationships 
between the interindividual rankings of the individuals in 
the respective constructs, or between changes in the inter-
individual rankings of the individuals in the respective 
constructs. However, as Pekrun et al. (2002, p. 133) note, 
this does not permit conclusions to be drawn about intrain-
dividual relationships between constructs or about indi-
vidual, intrapsychic functional mechanisms. As Selig and 
Preacher (2009, p. 162) make clear, however, intrapsychic 
functional mechanisms are of central interest in the case of 
development-related questions. Of particular interest here, 
for instance, is how individual development processes or 
changes in one area predict individual development pro-
cesses or changes in another area. Corresponding assump-
tions can also be found in the CVTAE. Goetz et al. (2010), 
for example, write that “positive emotions can be enhanced 
by modifying either perceptions of personal control- or 
value-related cognitions, the most efficacious investment of 
intervention-related resources would involve programs that 
promote both” (p. 59; cf. also Pekrun 2006; Pekrun and 
Stephens 2012). However, empirical findings are almost 
entirely lacking in this regard. An exception is the study 
by Goetz et al. (2010), which shows that, positive intrain-
dividual changes in perceived control and perceived value 
are accompanied, among other things, by positive intrain-
dividual changes in activity-related enjoyment. A fur-
ther exception is the study by Buff (2014). Here, positive 
intraindividual changes in perceived control and perceived 
value in mathematics prove to be longitudinal predictors of 
positive intraindividual changes in enjoyment of learning 
in mathematics. Regarding the question of whether intrain-
dividual changes in parental control or parental structure 
predict intraindividual changes in perceived control, per-
ceived value, or enjoyment of learning, we are not aware of 
any studies which used an adequate analytical procedure. 
Testing such assumptions requires procedures “that not 
only consider the longitudinal nature of the data, but also 
maintain the distinction between intra- and interindividual 
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change” (Selig and Preacher 2009, p. 162). Latent change 
models represent a possibility of achieving this distinction, 
and were employed in the present study.

3.2  Aims of the present study

Against this background, the primary aim of the study 
was to test whether the relationships between the vari-
ables of interest, which are theoretically postulated by the 
CVTAE, are also valid intraindividually. If this is the case, 
an increase in parental control should prove to be a nega-
tive predictor of the change in perceived value and per-
ceived control; i.e. both should deteriorate. In the case of 
an increase in parental structure, perceived value and per-
ceived control should improve. Further, with increasing 
perceived value and perceived control, enjoyment of learn-
ing should also improve. And finally, it would be expected 
that an increase in parental control should have an indirect 
negative effect on the change of enjoyment of learning—
via negative changes in perceived control and value—and 
an increase in parental structure should have an indirect 
positive effect—via positive changes in perceived control 
and value.

Figure 1 shows, on the left-hand side, the postulated 
direct and indirect positive (+) and negative (−) effects of 
the constructs of interest in the case of interindividual dif-
ferences. On the right-hand side, it shows the correspond-
ing direct and indirect positive (+) and negative (−) effects 
of the constructs of interest in the case of intraindividual 
changes. Solid arrows symbolize direct effects, while 

dotted or dashed arrows symbolize indirect effects. The 
concern here is with the “change–change” assumptions, 
which constituted the main interest of the present study. 
The timeline t1 to t6 expresses that in both cases, the con-
cern is with longitudinal predictive assumptions.

The present study focuses on the subject of mathematics. 
All constructs are conceived as relatively temporally stable 
(trait-like) characteristics. With regard to parental control, 
the facet of intrusive parental support was of interest, and 
in the case of parental structure, the facet of clarity of par-
ents’ learning-related expectations was of interest. In both 
cases, the focus lies on parental control and parental struc-
ture in the eyes of the children; thus on perceived parental 
control and perceived parental structure.

4  Method

4.1  Sample

Data were analyzed of 396 German-speaking Swiss chil-
dren (54% female), who participated from the sixth to the 
eighth school year in the study TRANSITION “Parental 
support and motivational-affective development in the tran-
sition to lower secondary level” (Buff and Reusser 2008) 
and in the State of Learning Surveys in the Canton of 
Zurich (Moser and Hollenweger 2008). These 396 children 
consisted of a subsample of the State of Learning Surveys. 
Participation in the TRANSITION study was voluntary. 
A comparison of the present sample with that of the State 

Fig. 1  Postulated direct and indirect effects
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of Learning Surveys at the end of the third school year 
showed that children from lower social strata, those with 
a migration background and/or those without German as 
their first language were underrepresented in the present 
sample. At the beginning of the data collection, the children 
were approximately 12 years old on average (M = 12.09, 
SD = 0.35).

4.2  Data collection

The six rounds of data collection took place from Novem-
ber 2008 to September 2010: November 2008 (t1), April 
2009 (t2) and June 2009 (t3), all sixth school year, Decem-
ber 2009 (t4) and May 2010 (t5), both seventh school year, 
September 2010 (t6), eighth school year. Standardized 
questionnaires were used.

4.3  Instruments

In all cases, a four-point response format was used for the 
individual items: completely true (4)—rather true (3)—
rather untrue (2)—not at all true (1). The reliability values 
presented in the following for the constructs are each based 
on the cases without missing values (n between 267 and 
391).

Based on Pekrun (2006), perceived control in math-
ematics was operationalized by two scales: competence 
beliefs and self-efficacy beliefs. The scale “competence 
beliefs” (Buff et al. 2007) comprised six items (e.g., “I am 
good at mathematics.”; αt1/t4 = 0.90/0.91). The scale “self-
efficacy beliefs” (Buff 2005) consisted of four items (e.g., 
“I can achieve what I set out to do in mathematics.”; αt1/

t4 = 0.90/0.91).
In line with Eccles (2005, see also Pekrun 2006), per-

ceived value in mathematics was measured with two scales 
addressing the aspects of importance (αt1/t4 = 0.80/0.83) 
and instrumental utility (αt1/t4 = 0.73/0.79). Both scales 
consisted of three items: e.g., “Mathematics is important to 
me.”, “Mathematics is useful for me.” (Buff et al. 2007).

To operationalize enjoyment of learning in mathemat-
ics, three (slightly) adapted items from the Academic Emo-
tions Questionnaire (AEQ, Pekrun et al. 2005) were used: 
“Learning mathematics is something I find fun.”, “I like 
doing mathematics.”, “I like learning new things in math-
ematics.”. The reliabilities amounted to αt3/t6 = 0.84/0.89.

Perceived parental control in mathematics referred to the 
aspect of intrusive parental support (Grolnick and Pomerantz 
2009; Skinner et al. 2005). The three items used to operation-
alize the construct—“In mathematics, my parents help me 
even when I don’t really need help.”, “In mathematics, my 
parents tell me how to solve problems.”, “In mathematics, 
my parents sit next to me and tell me how to do it.”—were 

formulated in line with Niggli et al. (2007) as well as Pekrun 
et al. (2003). The reliabilities amounted to αt1/t4 = 0.60/0.69.

In line with the work of Farkas und Grolnick (2010), 
perceived parental structure was operationalized in terms 
of clarity of parental expectations regarding engagement 
when learning mathematics. Three (slightly) adapted items 
from Wild et al. (2005) were used: “In mathematics, I know 
how much effort my parents expect of me.”, “In mathemat-
ics, my parents expect me to work carefully.”, “In mathe-
matics, my parents expect me to stick at it.”. The reliabili-
ties amounted to αt1/t4 = 0.58/0.64.

4.4  Missing data

With a total of 50 items used to form the various constructs, 
19,800 data points emerged for the 396 children, of which 
520 were missing (2.63%). As Enders (2010) notes, the 
maximum likelihood method is one way for dealing with 
missing data and is superior to all traditional procedures 
(e.g., listwise deletion). In the present study, the full infor-
mation maximum likelihood method (FIML) was used.

4.5  Data analysis

The data preparation and reliability calculations were car-
ried out with SPSS 23; all structural equation models were 
conducted with Mplus 7.3 (Muthén and Muthén 2012). As 
the normal distribution of the manifest variables was not 
satisfactory in all cases, a robust maximum likelihood esti-
mator (MLR) was used, which is robust to non-normality 
and can also be applied in the case of missing data. The 
quality of a structural equation model is usually seen as 
good if a non-significant χ2 value results (which is rarely 
the case in larger samples), CFI (Comparative Fit Index) 
amounts to ≥0.95, TLI (Tucker-Lewis Index) ≥0.95, 
RMSEA (Root Mean Square Error of Approxima-
tion) ≤0.05 and SRMR (Standardized Root Mean Square 
Residual) ≤0.05 (cf. Brown 2015; Little 2013).

4.5.1  Latent change models

As noted in Sect. 3.2, the main interest of the present study 
was to test the “change–change” assumption that intrain-
dividual change in one variable predicts intraindividual 
change in another variable. This was tested by means of a 
latent change model (e.g., Geiser 2012; Selig and Preacher 
2009). In latent change models, latent difference variables 
between two respective measurement time points are mod-
eled. These latent difference variables represent intrain-
dividual changes or interindividual differences in intrain-
dividual changes, respectively. As Geiser (2012) writes, 
these change scores are corrected for measurement error. 
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The basic principles of latent change models are briefly 
described at the beginning of the results section.

4.5.2  Measurement invariance

A prerequisite for the use of latent change models is proof 
of measurement invariance of the various constructs. A 
distinction is made between different types or degrees of 
invariance (e.g., Brown 2015; Little 2013). Of importance 
in terms of using latent change models are the following: 
configural, metric and scalar invariance. Configural invari-
ance means that the factor structure (number of factors and 
loading pattern) remains the same over time. Metric invari-
ance means that, additionally, the factor loadings of like 
items remain constant over time. Scalar invariance means 
that, additionally, the intercepts of like items are the same 
over time. In practice, it is frequently shown that only par-
tial factorial invariance can be assumed. Partial invariance 
occurs if the majority of indicators of a construct prove to 
be invariant over time (Brown 2015; Byrne et al. 1989; Lit-
tle 2013). In the case of latent change models, (partial) sca-
lar invariance is the minimum requirement. In the testing 
of measurement invariance—starting from the model with 
configural invariance—equality restrictions for various 
parameters are introduced in a stepwise manner. By means 
of χ2 difference tests between the more restrictive and less 
restrictive model in each case, it is then tested whether the 
additional restrictions lead to a significant deterioration of 
the model fit. If this is not the case, the more restrictive 
degree of measurement invariance is seen as confirmed. 
With the use of the estimator MLR, the conventional χ2 
difference test is not appropriate. Instead, a modified, so-
called scaled χ2 difference test was conducted (http://www.
statmodel.com/chidiff.shtml). The results of the invariance 
tests are presented in Table 1.

In a first step, a model with configural invariance (M0) 
with correlated latent factors and correlated residual vari-
ances of like items over time was specified. The fit of this 
model proved to be quite satisfactory (see Table 1, M0). 
However, a check of the modification indices suggested per-
mitting correlations between the residual variances of two 
indicators within both measurement time points in the case 
of enjoyment of learning. This modification led to a sig-
nificant improvement of the model fit in the second model 
(M1) (see Table 1, M0 vs. M1: T = 17.465, p < 0.001). 
In a next step, a model with metric invariance (M2) was 
specified. Through the introduced restrictions, the model 
fit did not deteriorate significantly compared to the previ-
ous model (see Table 1, M1 vs. M2: T = 4.967, p > 0.05). 
In the model with scalar invariance (M3), it was apparent 
that the introduced restrictions led to a significant deteriora-
tion of the model fit (see Table 1, M3 vs. M2: T = 30.552, 
p < 0.001). The modification indices showed that in the case 
of perceived parental structure, the equality restrictions for 
the intercepts should be removed for one indicator. The 
resulting model with partial scalar invariance (M4) again 
showed a good fit (see Table 1, M4). A comparison of the 
models with metric and partial scalar invariance showed that 
the model fit did not deteriorate significantly (see Table 1, 
M2 vs. M4: T = 13.706, p > 0.05). Thus, the prerequisites 
regarding measurement invariance for the use of latent 
change models were fulfilled.

4.5.3  Indirect effects

The existence of indirect effects can be checked using vari-
ous procedures (MacKinnon et al. 2002). The use of con-
ventional significance tests can be problematic in this 
regard, as the product of regression coefficients to be tested 
is frequently not normally distributed, which can possibly 

Table 1  Tests of longitudinal measurement invariance

N 396, M0–M4 model 1 to model 4, df degrees of freedom, SCF Scaling Correction Factor for MLR, RMSEA root mean square error of approx-
imation, CFit test of close fit (probability RMSEA ≤ 0.05), SRMR standardized root mean square residual, CFI comparative fit index, TLI 
Tucker-Lewis Index, T test statistic for the scaled χ2 difference test

* p < 0.05

** p < 0.01

*** p < 0.001
a Scaled χ2 value
b Correlated error terms of two indicators within one measurement time point in the case of enjoyment of learning in mathematics

Models χ2a df SCF RMSEA CFit SRMR CFI TLI Comparison T

M0: Configural invariance 301.198** 241 1.0495 0.025 1.000 0.044 0.983 0.977

M1: Configural invarianceb 278.564* 239 1.0465 0.020 1.000 0.042 0.989 0.985 M0 vs. M1 17.465***

M2: Metric invarianceb 283.332 247 1.0481 0.019 1.000 0.043 0.990 0.987 M2 vs. M1 4.967

M3: Scalar invarianceb 313.317** 255 1.0472 0.024 1.000 0.045 0.984 0.979 M3 vs. M2 30.552***

M4: Partial scalar invarianceb 297.057* 254 1.0482 0.021 1.000 0.044 0.988 0.985 M4 vs. M2 13.706

http://www.statmodel.com/chidiff.shtml
http://www.statmodel.com/chidiff.shtml
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lead to distorted results. Based on the results of comparison 
studies on the performance of the different procedures with 
a particular view to their power and Type 1 error rate, boot-
strapping, especially bias-corrected bootstrapping, is rec-
ommended (e.g., MacKinnon et al. 2004; Preacher and 
Hayes 2008). Accordingly, indirect effects were tested by 
means of bias-corrected bootstrapping (10,000 bootstrap 
draws).1

5  Results

As latent change models are not well known, their basic 
principles are briefly described below (for details, see e.g., 
Reuter et al. 2010). Following this description, the descrip-
tive results for the latent change model will be reported. 
Subsequently, the modeling of the structural model of the 
latent change model will be described and the results for 
the direct and indirect effects will be presented. As all con-
structs referred to the subject of mathematics, to improve 
readability, we largely refrain from repeating the word 
mathematics in the results section.

5.1  Latent change models

Latent change models are a structural equation approach 
to examine intraindividual changes and interindividual dif-
ferences in intraindividual changes. The starting point for 
modeling a latent change model in each case is the model 
of the confirmatory factor analysis with at least (partial) 

1 Bootstrapping is not available in Mplus when using the estimator 
MLR. However, as Muthén and Muthén (2012) state, the values for 
MLR correspond to those for the bootstrapping with the conventional 
maximum likelihood estimator (ML). To test indirect effects, the esti-
mator ML was used.

scalar measurement invariance. By reformulating this 
model, a latent change model is generated. In the simplest 
case (two measurement time points), latent change mod-
els consist of two components, the latent state factor and 
a latent change factor. The latent state factor represents the 
starting values at the first measurement time point of a con-
struct. The latent change factor represents the intraindivid-
ual changes from the first to the second measurement time 
point.

Latent change models can be modeled in different 
ways (Geiser 2012). In the present study, the version of 
Steyer et al. (2000) was used, whereby instead of indica-
tor-specific latent method factors, correlations between 
the residual variances of like indicators over time were 
specified. All correlations between the latent state and/
or change factors were freely estimated. As the concern 
with the latent change model is solely with a reformu-
lation of the model of the confirmatory factor analysis 
with partial scalar longitudinal measurement invariance 
(see Sect. 4.5.2, Table 1: M4), these two models show 
the same model fit (χ2 = 297.057, df = 254, p < 0.05; 
CFI = 0.988; TLI = 985; RMSEA = 0.021; CFit = 1.000; 
SRMR = 0.044). Table 2 shows the descriptive results for 
the latent change model. The latent change factors are pre-
sented as Δ-variables. Positive mean values in these latent 
change factors indicate an increase and negative mean val-
ues a decrease in the constructs of interest over time. A 
value of 0 indicates no change over time.

With the exception of perceived parental structure (Δ 
t4 − t1), all latent change factors showed negative mean 
values. This means that for these variables, the values 
reduced on average compared to the starting values. A 
check of the change values (not presented in detail due to 
space restrictions) showed that in the case of enjoyment of 
learning (Δ t6 − t3) and perceived parental structure (Δ 
t4 − t1), these reductions were not significant. In all other 
cases, they were significantly negative (all p’s < 0.001). 

Table 2  Descriptive statistics 
of the latent change model

N = 396, t1 November 2008, t2 April 2009, t3 June 2009, t4 December 2009, t5 May 2010, t6 September 
2010, Δ latent change factors

Mean Variance Skewness Kurtosis Min. Max.

Perceived parental structure (t1) 3.51 0.10 −0.61 0.10 2.25 4.04

Perceived parental control (t1) 1.74 0.08 0.40 −0.55 1.25 2.60

Perceived control (t2) 3.04 0.32 −0.62 0.06 1.28 3.95

Perceived value (t2) 3.23 0.18 −0.64 0.16 1.71 3.92

Enjoyment of learning (t3) 2.59 0.39 −0.19 −0.27 0.61 3.85

Perceived parental structure (Δ t4 − t1) 0.01 0.06 −0.28 0.85 −0.93 0.66

Perceived parental control (Δ t4 − t1) −0.19 0.06 0.19 0.62 −0.95 0.76

Perceived control (Δ t5 − t2) −0.22 0.32 −0.09 0.73 −2.15 1.79

Perceived value (Δ t5 − t2) −0.14 0.13 −0.29 0.32 −1.31 0.87

Enjoyment of learning (Δ t6 − t3) −0.04 0.34 −0.03 0.39 −1.77 1.89
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From the minimum and maximum values of the latent 
change factors, it is apparent that in all cases, both positive 
and negative intraindividual changes occurred.

5.2  Structural model of the latent change model

To check the direct and indirect effects that were of inter-
est, in a next step, a structural model was specified based 
on the latent change model. For constructs measured at 
the same time point, correlations, or correlated residual 
variances, between the latent state factors and their change 
factors, respectively, were permitted (4 correlations). All 
other correlations in the latent change model were replaced 
with paths, in line with the theoretical assumptions (41 
paths). This resulted in a saturated structural model of the 
latent change model. This means that all possible relation-
ships between the latent factors were freely estimated; for 
instance also the direct path from perceived parental con-
trol (t1) to the change in enjoyment of learning (Δ t6 − t3). 
Accordingly, all earlier-measured latent variables were pre-
dictors of all later-measured latent variables. For the sake 
of clarity, Fig. 2 presents only the significant paths and cor-
relations of the saturated structural model. In the following, 
only the direct and indirect effects postulated in Fig. 1 are 
commented on. All significant correlations or effects which 
are not of interest here are depicted in lighter font and those 

of interest are in bold print. Figure 2 presents the standard-
ized path coefficients and correlations (StdXY standardiza-
tion in Mplus 7.3, Muthén and Muthén 2012).

5.2.1  Direct effects

In the case of the latent state factors, i.e. the factors which 
represent interindividual person differences, perceived 
parental structure (t1) proved to be a positive predictor of 
perceived control (t2) and perceived value (t2): The clearer 
the perception of parental expectations regarding engage-
ment, the more competent and efficacious the children 
perceived themselves to be (β = 0.21), and the more they 
saw mathematics as useful and important (β = 0.40). The 
opposite was true for perceived parental control (t1): The 
greater the perception of intrusive parental support, the 
less the children experienced themselves as competent and 
efficacious (β = −0.31), and the less they saw mathemat-
ics as useful and important (β = −0.25). Perceived control 
(t2) and perceived value (t2) proved to be positive predic-
tors of enjoyment of learning (t3): The more the children 
saw themselves as competent and efficacious, and the 
more important and useful they deemed mathematics to be, 
the higher was their enjoyment of learning (β = 0.32 and 
β = 0.55, respectively). All postulated effects were con-
firmed (see Sect. 3.2, Fig. 1, left-hand side).

Fig. 2  Structural model of the latent change model. N = 396. *p < 0.05; **p < 0.01; ***p < 0.001
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Central to the “change–change assumptions” are the 
predictive relationships between the latent change fac-
tors (Δ-variables), i.e., the factors which represent the 
intraindividual changes. Here too, the results corresponded 
to the postulated effects (see Sect. 3.2, Fig. 1, right-
hand side). The change in perceived parental control (Δ 
t4 − t1) proved to be a negative predictor both of change 
in perceived control (Δ t5 − t2) and of change in perceived 
value (Δ t5 − t2): With increasing intrusive parental sup-
port in the eyes of the children, their assessment of their 
own competence and efficacy deteriorated (β = −0.16), as 
did their assessment of the usefulness and importance of 
mathematics (β = −0.21). In the case of perceived paren-
tal structure (Δ t4 − t1), the opposite was true: In the 
eyes of the children, if the clarity of parental expectations 
regarding engagement increased, the assessment of their 
own competence and efficacy improved (β = 0.30), as did 
their assessment of mathematics as useful and important 
(β = 0.30). It was also apparent that changes in perceived 
control (Δ t5 − t2) and perceived value (Δ t5 − t2) pre-
dicted changes in enjoyment of learning (Δ t6 − t3): If the 
children’s assessment of their own competence and efficacy 
improved, and their assessment of mathematics as useful 
and important increased, enjoyment of learning changed 
positively (β = 0.43 and β = 0.34).

5.2.2  Indirect effects

It was expected that the effects of the perception (or the 
change in perception) of parental support regarding enjoy-
ment of learning (or the change therein) would be of an 
indirect nature, via perceived control and/or perceived 
value (or the change therein). The postulated indirect 
effects are presented in Fig. 1 (see Sect. 3.2). As described 
in Sect. 4.5.3, the indirect effects were tested by means of 
bias-corrected bootstrap confidence intervals. Using this 
approach, an indirect effect is significant at a particular sig-
nificance level—5 or 1%—if the value 0 does not fall in the 
estimated bootstrap confidence interval of 95% or 99% for 
this effect. In the following, the unstandardized b-values 
and their 95% or 99% confidence intervals (CI) are pre-
sented (see for example Fairchild and McQuillin 2010).

With regard to the latent state factors, the postulated 
indirect effects were shown. Perceived parental structure 
(t1) proved to be a positive indirect predictor of enjoy-
ment of learning (t3), via perceived control (t2) (b = 0.12 
(99% CI [0.01, 0.34])) and via perceived value (t2) 
(b = 0.42 (99% CI [0.19, 0.82])). The clearer the parental 
expectations regarding engagement in the eyes of the chil-
dren, the greater was the enjoyment of learning. Perceived 
parental control (t1), in turn, proved to be a negative indi-
rect predictor of enjoyment of learning (t3), via perceived 
control (t2) (b = −0.20 (99% CI [−0.46, −0.06])) and via 

perceived value (t2) (b = 0.29 (99% CI [−0.65, −0.07])). 
The greater the intrusive parental support in the eyes of the 
children, the lower was the enjoyment of learning.

All indirect effects were also in line with expectation 
in the case of the latent change factors. The change in per-
ceived parental structure (Δ t4 − t1) proved to be a positive 
indirect predictor of the change in enjoyment of learning 
(Δ t6 − t3), via the change in perceived control (Δ t5 − t2) 
(b = 0.27 (99% CI [0.03, 0.90])) and via the change in per-
ceived value (Δ t5 − t2) (b = 0.21 (95% CI [0.03, 0.62])). 
With an increase in the clarity of parental expectations 
regarding engagement in the eyes of the children, enjoy-
ment of learning increases. The change in perceived paren-
tal control (Δ t4 − t1) proved to be a negative indirect pre-
dictor of the change in enjoyment of learning (Δ t6 − t3), 
via the change in perceived control (Δ t5 − t2) (b = −0.16 
(95% CI [−0.40, −0.01])) and via the change in perceived 
value (Δ t5 − t2) (b = −0.16 (99% CI [−0.42, −0.03])). 
With an increase in intrusive parental support in the eyes of 
the children, enjoyment of learning is reduced.

6  Discussion

Against the background of the control-value theory of 
achievement motivations (CVTAE), the present study 
focused on the importance of perceived parental support for 
perceived value, perceived control, and enjoyment of learn-
ing in the subject of mathematics. In terms of parental sup-
port, we were interested in perceived parental control in the 
sense of intrusive parental support, and perceived parental 
structure in the sense of clarity of parents’ learning-related 
expectations. A whole series of empirical studies confirm 
the relationships between the constructs of interest postu-
lated by the CVTAE (see Sect. 2.2). However, two research 
deficits are apparent. Firstly, it is shown that the vast major-
ity of studies examined relationships between interindivid-
ual differences in the constructs of interest, but this does 
not allow any conclusions to be drawn about intraindi-
vidual relationships or about individual, intrapsychic func-
tional mechanisms. Secondly, barely any findings are avail-
able regarding the postulated indirect effects of perceived 
parental control and perceived parental structure—via 
perceived value and perceived control—on enjoyment of 
learning. In the case of intraindividual relationships, there 
are no findings at all. These two research deficits were the 
main focus of the present study.

6.1  Summary of results

Referring to the subject of mathematics, the results con-
firmed the assumptions of the CVTAE with respect to the 
direct and indirect predictive relationships between the 
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constructs of interest. The postulated predictive inter- and 
intraindividual pattern of relationships between the con-
structs of interest also appears to be congruent.

In the case of the interindividual relationships, the neg-
ative direct effect of perceived parental control was shown 
with regard to perceived value as well as perceived con-
trol. Perceived value and perceived control proved, in turn, 
to be direct positive predictors of enjoyment of learning. 
Likewise, it was apparent that perceived parental control 
has a negative indirect effect regarding enjoyment of learn-
ing, via perceived control and perceived value. With regard 
to perceived parental structure, the corresponding direct 
and indirect effects were positive. While the direct rela-
tionships found here replicate and confirm previous find-
ings (in mathematics e.g., Dinkelmann and Buff 2016a, b; 
Jullien 2006), the results on indirect effects extend previ-
ous findings. In the case of the intraindividual changes, 
an increase in perceived parental structure proved to be a 
direct positive predictor of the change in perceived value 
and perceived control. An improvement in perceived value 
and perceived control, in turn, was accompanied by a posi-
tive change in enjoyment of learning. An increase in per-
ceived parental structure proved to be an indirect positive 
predictor of the change in enjoyment of learning. In terms 
of an increase in perceived parental control, the corre-
sponding direct and indirect effects were negative.

As a whole, in the case of the latent change factors, the 
proof of these direct and indirect relationships in line with 
theory is new, and can be seen as the main finding of the 
present study. The evidence for such “change–change” 
processes is not only of central importance in the current 
case. Reuter et al. (2010) believe that only when “change–
change” effects between predictor and dependent variable 
have been empirically proven will targeted interventions to 
change the predictor be justified.

6.2  Implications for parenting and teaching

Moreover, the findings provide hints regarding where par-
ents might act in terms of their behavior with a view to chil-
dren’s perceived control, perceived value and enjoyment 
of learning in mathematics. Generally speaking: Provide 
structure and refrain from control. This should also apply to 
teachers regarding their classroom management and instruc-
tional design. Rakoczy et al. (2007), for instance, show that 
a structured organization of the learning environment as 
well as a structured presentation of learning content have 
positive emotional and motivational—in the sense of a facet 
of perceived value—consequences in mathematics. Assor 
et al. (2002), in turn, underline that controlling teaching 
has a negative effect on the positive experience in the class-
room. Such findings emphasize that emotional and motiva-
tional characteristics of the children can be influenced by 

the type of classroom management and instructional design, 
also in the case of mathematics. It is repeatedly stressed that 
importance should be attributed to such characteristics in 
mathematics instruction (e.g., Ahmed et al. 2010; De Corte 
and Verschaffel 2006; Reiss and Reiss 2006), as they have a 
substantial influence on learning, problem solving and ulti-
mately achievements in mathematics.

6.3  Limitations

Although the findings were in line with theory, the pre-
sent study has a number of limitations that should be men-
tioned. The sample is not representative and the results 
are based solely on the children’s self-reports. The latter 
is often subject to criticism in the context of parenting. 
However, it is also repeatedly pointed out that a distinction 
should be made between parents’ reports about their par-
enting and the perception of this parenting by the children. 
It is stressed that in terms of the effects on the part of the 
children, the perception and interpretation of the parenting 
by the children is ultimately important (e.g., Goetz et al. 
2010; Jang et al. 2010; Jullien 2006). It can also be asked 
whether the operationalization of such complex constructs 
as parental control or parental structure (see Sect. 2.2.2) 
with only three items each is sufficient. By focusing on 
only one facet each of the two constructs—intrusive paren-
tal support and clarity of parents’ learning-related expecta-
tions—this problem is somewhat qualified. Nevertheless, 
the low number of items is indeed a weak point. The latter 
also applies to a somewhat lesser extent to enjoyment of 
learning. The low number of items in the case of parental 
control and parental structure may also be a reason for their 
not entirely convincing reliability values. It should also be 
noted that correlation studies do not allow any causal con-
clusions in the sense of actual cause-and-effect relation-
ships, even if they are longitudinal studies (Pekrun et al. 
2002). A final point concerns the time intervals between the 
measurements of the contextual and personal antecedents 
of enjoyment of learning, and between these and enjoyment 
of learning. Shorter time intervals would have been desira-
ble here (Selig and Preacher 2009). However, in view of the 
lack of empirical findings on the predictive intraindividual 
“change–change” assumptions and indirect effects over-
all, which constituted the primary focus of the study, these 
limitations appear to be acceptable. Nevertheless, the reli-
ability of the found effects should be checked in replication 
studies, if possible with larger samples, in order to increase 
the precision of the estimations.
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