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1. Introduction
The transition to school is seen as an extensive process of adaptation
during which children need to adjust to school standards. Successful
adaptation is reﬂected in children's classroom behavior (i.e., prosocial
behavior rather than behavior problems) and academic performance
(Petriwskyj, Thorpe, & Tayler, 2005). It is well documented that cognitive abilities (i.e., IQ) are linked to academic indicators of success in
school (e.g., Deary, Strand, Smith, & Fernandes, 2007). Recently, however, Duckworth and Seligman (2005) presented evidence that the
ability to self-regulate has greater inﬂuence on a student's academic
performance than his or her IQ. Self-regulation (the motivation and
ability to control one's emotions and behaviors in potentially stressful
situations) affects children's ability to adapt to and learn in formal school
settings (Trommsdorff, in press). In this study, we refer to self-regulatory
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skills such as delaying gratiﬁcation, following instructions, and inhibiting
impulsive or aggressive behavior as behavior regulation (Kopp, 1982).
The development of behavior regulation is inﬂuenced by the family
environment (Calkins & Howse, 2004; Suchodoletz, Trommsdorff, &
Heikamp, submitted for publication). As a result, signiﬁcant differences in
behavior regulation exist among children when they enter formal schooling among other things (McClelland et al., 2007; Ponitz et al., 2008).
Deﬁcits in behavior regulation may cause social and academic adjustment
difﬁculties in school (Calkins & Howse, 2004; Eisenberg et al., 2000;
McClelland, Morrison, & Holmes, 2000). Therefore, it is important to understand the function of behavior regulation during the transition process.
1.1. Behavior regulation and classroom behavior
Behavior regulation enables children to adapt successfully to the
classroom by means of their improved motivation and ability to pay
attention to, remember, and follow classroom rules and teachers'
demands (McClelland et al., 2007). Whereas externalizing problem
behaviors are negatively related to behavior regulation skills (e.g.,
Eisenberg et al., 2000), social competence (Mischel, Shoda, &
Rodriguez, 1989) and peer status (Spinrad et al., 2006) are positively
related to behavior regulation.
1.2. Behavior regulation and academic performance
Behavior regulation is positively related to children's school
readiness, including emergent vocabulary, literacy, and math skills
(McClelland et al., 2007). In addition, behavior regulation accounts for
developmental changes in children's performance over the school
year. In a study by Duckworth and Seligman (2005), performance in a
delay-of-gratiﬁcation task predicted academic performance (i.e.,
achievement-test scores) of adolescents more robustly than measures
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of intelligence did. In the current study, it was considered to be
important to control for the inﬂuence of other child characteristics
(such as vocabulary knowledge and mental concentration) and
mother's level of education, which are presumed to be related to
academic performance (e.g., Magnuson, 2007; Nelson & Stage, 2007).
1.3. Classroom behavior and academic performance
Children's classroom behavior in the early school setting is closely
related to their adjustment to school (Ladd & Burgess, 2001) and is an
important determinant of academic progress. School-related problem
behaviors such as inattentiveness or oppositional behavior affect school
readiness (Fantuzzo et al., 2007) and academic performance (Rabiner,
Murray, Schmid, & Malone, 2004). Moreover, academic underachievement may result in decreased achievement motivation (e.g., Preckel,
Holling, & Vock, 2006) and behavior problems (e.g., Kniveton, 1998).
1.4. The present study
The present study aims to test the relationship between behavior
regulation in kindergarten and adaptation to school in ﬁrst grade. Here,
we extend the research of McClelland and others (e.g., McClelland et al.,
2007) by observing children at the transition to formal schooling.
Additionally, we focus on academic and social indicators of successful
adaptation. We hypothesize that behavior regulation in kindergarten
will predict ﬁrst grade academic performance (H1) and classroom
behavior (H2). We also expect that children's classroom behavior will
relate to their academic performance (H3).
2. Methods
2.1. Participants
Data analyses were conducted on observations of 28 German
children (16 boys, 12 girls) from public kindergartens. Of the original
sample (N = 64), 36 participants (56%) took part in the follow-up study
at the end of ﬁrst grade. Eight subjects were excluded because of missing
data. Mann–Whitney U analyses revealed that there was no selective
dropout between children who were retained and those who did not
participate in the follow-up with respect to behavior regulation.
When ﬁrst observed, children were between 5.4 and 6.5 years old
(M = 5.9, SD = 0.3). The majority of the children lived in families with
a middle-class socio-economic background. Using ISCED-97 (Organization for Economic Co-operation and Development, 1999) to indicate
mother's level of education, 17 mothers (61%) had completed the ﬁrst
stage of tertiary education (i.e., B.A. or M.A.).
2.2. Procedure
In the spring of their last kindergarten year (German children attend
three years of kindergarten, from ages 3 to 6) the children were
observed in different behavior regulation tasks while their mothers
completed questionnaires on demographic information. One-year
follow-up measures at the end of ﬁrst grade (in Germany, the school
year starts in September) included formal tests of academic performance, language skills, nonverbal intelligence, and a computer-based
mental concentration test. Teacher reports of children's classroom
behavior and school progress were also assessed at the end of ﬁrst grade.
2.3. Measures
2.3.1. Assessment of behavior regulation
Behavior regulation was measured using the Snack Delay and
Tower of Patience tasks of the Laboratory Temperament Assessment
Battery—Preschool Version (Lab-TAB; Goldsmith, Reilly, Lemery,
Longley, & Prescott, 1993). In the Snack Delay, task the child must

resist the temptation to eat a candy until the experimenter rings a bell.
In the Tower of Patience task, the child must take turns with the
experimenter in building a tower. Both tasks use multiple trials with
waiting periods of different duration for each of the trials. The tasks
measure the child's motivation and ability to keep a rule in mind,
respond according to the rule, and to inhibit a dominant spontaneous
response. These tasks have been widely used in previous studies to
assess behavior regulation (review by Garon, Bryson, & Smith, 2008).
Overall possible scores in the Snack Delay task ranged from zero to
six; Tower of Patience scores ranged from zero to 14 (i.e., for each trial,
a rule violation was coded as one point, no rule violation as zero). For
statistical analyses, variables were recoded, zero corresponding to low
level of behavior regulation and six (or 14, respectively) to a high
level. Videos were coded by two independent raters; interrater
reliabilities (based on 30% of the videotapes) were high for both tasks
(κ = .87 and .90, respectively).
2.3.2. Assessment of adaptation to school: Academic performance
Using the Salzburger Reading and Writing Test (SLRT; Landerl,
Wimmer, & Moser, 1997), we averaged reading time (in seconds) and
reading errors for each subtest (Common Valid Words (e.g., cat), NonWords (e.g., talire), and a Short Text of 30 words) to assess reading
skills. Writing skills were assessed by subtracting the number of
words with phonetic errors from those correctly written (out of a
sample of ﬁfteen common German words, like “hand”). A mean score
was derived by averaging the test variables (reading time, reading
errors, and writing score). The subtests Addition, Subtraction, and
Component Comprehension of the German Test of Mathematics for the
First Grade (DEMAT1+; Krajewski, Küspert, & Schneider, 2002)
assessed mathematic performance. To create a total score, the sum
scores within each subtest were averaged.
Additionally, teachers evaluated student performance in mathematics and reading and writing skills in terms of German school
grades. Test scores and school grades were recoded (for all variables, a
higher score indicated better academic performance) and standardized by computing z-scores. As Spearman rank correlations revealed,
test scores and teacher evaluations of academic performance were
correlated (r = .52, p b .01 for mathematic performance; r = .57, p b .01
for reading and writing skills). Consequently, test scores and teacher
evaluations for each child in mathematic performance and in reading
and writing skills were averaged.
2.3.3. Assessment of adaptation to school: Classroom behavior
The Strengths and Difﬁculties Questionnaire (SDQ, teacher version;
Goodman, 1997; German Version by Woerner et al., 2002) is a reliable
and well established instrument to measure behavior problems (i.e.,
emotional problems, conduct problems, hyperactivity–inattention
problems, and peer-relationship problems) and prosocial behavior.
Even though the SDQ is a brief behavior screener, a meta-analysis by
Warnick, Bracken, and Kasl (2008) supports the use of the SDQ in
community samples. Cronbach's Alphas for the subscales ranged from
.71 to .88. A total score for behavior problems (Cronbach's Alpha = .81)
was derived by adding the scale scores of the four problem scales (see
Klasen, Woerner, Rothenberger, & Goodman, 2003). The score was
recoded, with lower values indicating fewer behavior problems.
2.3.4. Assessment of mental concentration
A computerized discrimination task assessed the children's mental
concentration. In 282 trials, children categorized transportation and
animal pictures. After 12 exercise trials, the ﬁrst mental concentration
measurement (30 trials) followed. Subsequently, children worked
through 210 trials of the same task with additional distractions before
the second mental concentration measurement (30 trials) took place.
A focused index for mental concentration was computed by subtracting the average reaction times of correct responses in measurement 2
from those in measurement 1. Higher values thus reﬂect that a child
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Structures subtest, and receptive language skills with the Comprehension Grammatical Structures subtest. The raw scores were transformed into age-standardized T-values and averaged to a single score
reﬂecting language abilities.

Table 1
Descriptive statistics (N = 28).
Measure and variable
Behavior regulation
Snack delay
Tower of patience
Academic performance
Reading time (SLRT)

M
2.18
0.61

SD

Range

1.70 0–6
1.42 0–6

55.65 27.68 14.67–
130.00
Reading mistakes (SLRT)
1.76
1.21 0–4.67
Correctly written
7.32
3.53 0–15
words (SLRT)
Words with phonetic
1.32
2.63 0–10
errors (SLRT)
Mathematics
7.64
3.11 3–12
(DEMAT 1+)
2.23
0.83 1–4
Teacher report
readinga
2.43
0.87 1–4
Teacher report
writinga
2.07
1.00 1–4
Teacher report
mathematicsa
Classroom behavior
Prosocial behavior
7.25
2.35 3–10
(SDQ)
Behavior problems
6.14
6.30 0–25
(SDQ)
Mental concentration
Measurement 1
6.69
0.18 6.46–
7.05
Measurement 2
6.80
0.23 6.48–
7.28
Language skillsb
40.36
8.55 26–61
Comprehension
grammatical structures
(HSET)
Imitation grammatical
48.89
7.95 34–59
structures (HSET)
Cognitive abilityb
CPM
54.39
7.42 42–72

v

σv

β2
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σβ2

0.53 0.44 − 0.55 0.86
2.67 0.44
7.32 0.86

0.52 0.44 − 0.34 0.86
0.24 0.44 − 0.32 0.86

2.3.6. Assessment of cognitive ability
Nonverbal intelligence and logical reasoning were assessed with
the Coloured Progressive Matrices (CPM; Raven, Court, & Raven, 1984;
German Version by Bulheller & Häcker, 2002). Sum scores were
transformed into age-standardized T-values.

2.45 0.44

2.4. Data analysis

1.33 0.44

1.99 0.86

5.71 0.86

− 0.14 0.44 − 1.29 0.86

We computed Spearman rank correlations for correlational
analyses and Mann–Whitney U-tests to test gender effects on all
variables. Hypotheses were tested using partial least squares (PLS),
applying SmartPLS 2.0 (Ringle, Wende, & Will, 2005). PLS places
minimal restrictions on measurement scales, sample size, and residual
distributions (Chin, 1998). Model ﬁt is estimated in two stages: ﬁrst,
the assessment of the reliability and validity of the measurement model,
and second, the assessment of the structural model (Barklay, Higgins, &
Thompson, 1995). The bootstrap resampling procedure (see Yung &
Chan, 1999), using 500 randomly drawn subsamples that generated
t-statistic values (n minus the number of estimated parameters, in
which n is equivalent to the sample size), was applied to test the
signiﬁcance of indicator loadings and path coefﬁcients. For analyses,
all variables were z-standardized. A reﬂective model with the
direction of causality from the construct to the indicator (Jarvis,
Mackenzie, & Podsakoff, 2003) was used as latent measurement
model. The indicators were created under the assumption that they
all measured the same underlying construct (Chin, 1998).

0.02 0.44 − 0.61 0.86
0.15 0.44 − 0.75 0.86
0.85 0.45 − 0.09 0.87

− 0.47 0.44 − 0.99 0.86
1.26 0.44

1.35 0.86

0.77 0.46

0.41 0.90

0.81 0.46 − 0.25 0.90

0.21 0.44 − 0.37 0.86

− 0.42 0.44 − 0.92 0.86

3. Results
0.38 0.44 − 0.44 0.86

3.1. Descriptive and correlational analysis

Note. Raw scores. Skewness (v) and associated standard deviation (σv). Kurtosis (β2)
and associated standard deviation (σβ2).
a
German grade-scale: 1 (very good), 2 (good), 3 (satisfactory), 4 (adequate), and 5
(inadequate).
b
Age-standardized T-values. SLRT=Salzburger Reading and Writing Test; DEMAT 1+ =
German Test of Mathematics for the 1st Grade; SDQ = Strengths and Difﬁculties
Questionnaire; HSET= Heidelberger Test of Language Development; CPM =Coloured
Progressive Matrices.

Descriptive analyses were performed using raw scores. In general,
the children demonstrated successful behavior regulation as indexed by
the observational data. The range of the scores was rather small in the
Tower of Patience task, but not in the Snack Delay task. To prevent the
ﬁndings merely reﬂecting the behavior regulation of a minority of
subjects, hypotheses testing was conducted on both tasks as indicators of
behavior regulation. On average, the academic performance in the
sample was good. Teachers characterized the children as generally
prosocial, with only marginal behavior problems. The children's level of
cognitive ability (i.e., nonverbal intelligence) and language skills were
largely within the normal range. Children's reaction time increased from
mental concentration measurement 1 to measurement 2. Table 1 shows
the descriptive statistics of the raw data for all variables.

was able to keep his or her mental concentration effectively focused
on the discrimination task over time.
2.3.5. Assessment of language skills
Language skills were assessed with the Heidelberger Test of
Language Development (HSET; Grimm & Schöler, 1991). Expressive
language skills were evaluated using the Imitation Grammatical

Table 2
Spearman Rank Correlation Matrix (N = 28).
2
1) Snack delay
2) Tower of patience
3) Reading and writing skills
4) Mathematics
5) Prosocial behavior
6) Behavior problems
7) Nonverbal intelligence
8) Language skills
9) Mental concentration
10) Mother's education
a
b
c

p b .10.
p b .05.
p b .01.

3
a

.34
–

4
c

.49
.26
–

5
c

.60
.39b
.48b
–

− .01
.29
.34b
.11
–

6

7
a

− .34
− .25
− .68c
− .51c
− .57c
–

8
a

.34
.51c
.27
.64c
.16
− .32a
–

− .12
.13
.14
− .17
− .10
.12
.04
–

9
.09
.07
− .05
.11
− .14
.05
.10
.20
–

10
− .09
.14
.16
.04
.42b
− .33a
.02
.20
.02
–
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Table 3
Loadings, Reliability, Average Variance Extracted (AVE), and t-statistics.
Construct
and indicator

Loadings Composite Average variance SE
reliability extracted
(ρc)
(AVE)

Behavior regulation
Measure 1
.85a
(Snack delay)
Measure 2
.73a
(Tower of patience)
Nonverbal
intelligence
Measure 1 (CPM)
1.00
Academic
performance
Reading and
.86a
writing skills
Mathematics
.88a
Classroom behavior
Prosocial behavior
.74a
Behavior problems
.97a
Mother's education
ISCED-97 index
1.00
a

Table 5
Results of the structural model.

.77

tstatistic

.62

1.00

1.00

.86

.76

.10

9.24

.22

3.28

.00

.06 15.42

Hypothesis

β

H1
H2
H3

.54a
.47a
.28

a

t-statistic (bootstrap)
6.48
3.11
1.95

p b .01 (based on t(23), two-tailed test). t(0.01;

Result of test
Supported
Supported
Rejected

23) = 3.10.

construct's maximal correlation with other constructs (Chin, 1998).
Under this constraint, only the correlation between behavior
regulation and academic performance (.80) was marginally larger
than the square root of the behavior regulation AVE (.79). The ﬁt
estimates are presented in Tables 3 and 4. In summary, the evaluation
of the measurement model showed good reliability and validity.

.05 18.84
.85

.74
.22
.11

1.00

3.59
8.37

1.00
.00

p b .01 (based on t(23), two-tailed test). t(0.01;

23) = 3.10.

Mann–Whitney U analyses revealed no signiﬁcant gender differences in behavior regulation, academic performance, or classroom
behavior. Teacher evaluations of academic performance and standardized test scores (i.e., SLRT, DEMAT1+) both showed correlations
to children's behavior regulation and classroom behavior in similar
measures. The relationships between the dependent variables (i.e.,
academic performance, classroom behavior) and control variables
were examined. The analyses yielded signiﬁcant correlations between
nonverbal intelligence and mathematic performance (r = .64, p b .01),
and between mother's level of education and prosocial behavior
(r = .42, p b .05). No relationships were found to language skills and
mental concentration. Consequently, nonverbal intelligence and
mother's level of education were entered as latent variables in further
analyses. A summary of correlations is presented in Table 2. The results
were conﬁrmed when computing the correlations without outliers.
3.2. Partial least squares analyses
3.2.1. Evaluation of the measurement model
Individual reﬂective-scale reliability is assessed by examining the
loadings of the scales on the underlying construct. We accepted only
scales with loadings higher than 0.7 (Carmines & Zeller, 1979). All
reliabilities were over the acceptable cut-off level. For reﬂective
measures, the composite reliability (ρc) assesses construct reliability
(Fornell & Larcker, 1981). The composite reliabilities ranged from .77
(self-regulation) to .86 (academic performance). All were above the
recommended 0.7 level (Nunnally, 1978). Convergent validity was
measured by average extracted variance (AVE; Fornell & Larcker,
1981). AVE should exceed 0.5; all constructs satisﬁed this condition.
Discriminant validity was assessed by applying the square root of the
AVE and should be at least 0.7 (Barklay et al., 1995; Chin, 1998).
Additionally, the square root of the AVE should be greater than the

3.2.2. Evaluation of the structural model
The structural model evaluated the relationship between behavior
regulation and adaptation to school by examining the path coefﬁcients (β). The amount of variance in the endogenous construct
explained by the model (R2) was used as a measurement of the
predictive power of exogenous latent variables. The model explained
74% of the variance of academic performance (R2 = .737), and 34% of
the classroom behavior (R2 = .337). According to Chin (1998), the
explained variance of the academic performance was substantial,
whereas the explained variance of the classroom behavior was
moderate. Table 5 shows the hypotheses, path coefﬁcients (β), and
t-values. Path coefﬁcients (β) and R2 values are summarized in Fig. 1.
Speciﬁcally, the relative impact of an exogenous latent variable on
the endogenous latent variable can be examined by comparing the
change in its R2 value when the exogenous variable is removed from the
model. Chin (1998) suggested values of 0.02, 0.15, and 0.35 as
operational deﬁnitions of small, medium, and large effect sizes (f 2),
respectively. Effect sizes are presented in Table 6. The evaluation of the
structural model supported our hypotheses that behavior regulation in
kindergarten would be positively related to academic performance (H1)
and negatively related to behavior problems in the classroom (H2) by
the end of ﬁrst grade. The results were demonstrated with simultaneous
consideration of nonverbal intelligence and mother's level of education,
as signiﬁcant correlations were found in preliminary analyses. The effect
size (f 2) of nonverbal intelligence on academic performance was
moderate (.18) compared to the large effect of behavior regulation
(.62). However, we did not ﬁnd evidence that classroom behavior was
signiﬁcantly related to academic performance (H3).
Additionally, we tested the alternative explanation that the
relationships among the observed variables could be inﬂuenced by
extreme data points by following the procedure of regression
diagnostics (Belsky, Kuh, & Welsch, 1980; Cook & Weisberg, 1982).
One observation was identiﬁed as an inﬂuential observation. The
structural model results were conﬁrmed without this observation.
4. Discussion
This study aimed to examine the inﬂuence of kindergarten
children's behavior regulation on their adjustment to school, focusing

Table 4
Discriminant validity coefﬁcients.

Behavior regulation
Nonverbal intelligence
Academic performance
Classroom behavior
Mother's education

Behavior regulation

Nonverbal intelligence

Academic performance

Classroom behavior

Mother's education

.79
.46
.80
.50
.10

1.00
.55
.15
− .13

.87
.59
.05

.86
.34

1.00

Note. The principal diagonal elements correspond to the square root of the average variance extracted (AVE) of each construct.
Off-diagonal elements are correlations between the constructs.
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Fig. 1. Structural model results: The relations of behavior regulation to academic achievement and classroom behavior. Note. ⁎⁎ p b .01 (based on t(23), two-tailed test). t(0.01; 23) = 3.10.

on both academic and social outcome indicators. In line with previous
ﬁndings (Eisenberg et al., 2000; Howse, Lange, Farran, & Boyles,
2003), early behavior regulation was positively related to academic
performance and classroom behavior in school. Moreover, the results
demonstrated the relative importance of behavior regulation above
and beyond intelligence for academic progress even at a very early
age, and thereby contribute to the recent controversial discussion on
preconditions of academic success (Bayer & Gollwitzer, 2007; Duckworth & Seligman, 2005; Huang & Vazsonyi, 2008). However, the
small sample size calls for some caution about the external validity of
results. The relationships among the observed variables may be
sample speciﬁc and thus not be representative for the population of
children from which the sample was drawn.
Unexpectedly, classroom behavior was not related to academic
performance. This may be explained by the nature of ﬁrst grade
classroom environment, which is mostly characterized by a playful
atmosphere. Classroom behavior, and behavior problems in particular,
may be linked to academic underachievement as school becomes more
demanding (Ladd & Burgess, 2001). However, the lack of signiﬁcant
ﬁndings may be caused by sample characteristics and measurement
approach. Also, the relationship between classroom behavior and
academic performance may not be causal but bidirectional, which
could not have been tested with PLS.
Moreover, individual differences in children's early behavior
regulation may inﬂuence not only their adaptation to school but
also how their teachers and peers perceive them (Hughes, Luo, Kwok,
& Loyd, 2008; Rothbart & Jones, 1998). The present study relied on
teacher reports of academic performance and classroom behavior.
However, no interpretations about the bidirectional interplay be-

Table 6
Effect sizes.
Exogenous variable

Endogenous variable

Effect size
f2

Behavior regulation
Nonverbal intelligence
Classroom behavior
Behavior regulation
Mother's education

Academic performance
Academic performance
Academic performance
Classroom behavior
Classroom behavior

.62
.18
.21
.33
.12

Large
Medium
Medium
Medium
Small

tween the child's characteristics and the child's interaction with
teachers and peers are possible. Further research should include
classroom observations to investigate the complex interactions in the
school environment. Additional limitations suggest a tentative
interpretation of the path model results. Finally, the sample size
was rather small and the children came from a middle-class socioeconomic background. Therefore, these results cannot be generalized
to a larger population. A replication of the ﬁndings with a larger and
more diverse sample is desirable.
However, this study has important methodological strengths.
Children's behavior regulation was measured by two different observational situations. Outcome indicators for school success included both
teacher evaluations and standardized performance tests. Children's
behavior regulation was positively related to academic performance
and classroom behavior. Individual differences may persist as selfregulated learning becomes more important (Boekaerts & Corno, 2005;
Corno, 2008). Improving early behavior regulation skills may therefore
become an important feature of early intervention in order to facilitate
children's successful transition and adjustment to school.
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