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Studies Like TIMSS Can be Used to Investigate Effects of Instructiona Quality

Abstract

This study uses data from the 1995 TIM SS middle school study to investigate efficient use
of classroom time and personal support of students as important aspects of instructiona quality.
Typically, most studies on instructional quality define quality intermsof instructional effects
either on cognitive outcomes, such as achievement gains, or on non-cognitive outcomes, such as
students' motivational development, hypothesizing that different aspects of instruction show
specific effects on each set of variables. In the present study, we examine whether mathematical
instruction that is characterized by efficient use of time but, at the same, leaves room for persona
support fosters both mathematical achievement and mathematics-related interest. In addition, we
investigate the hypothesis that an imbalance between the two instructional aspects may have
specific unfavourable effects on the two outcomes. The study draws on the German TIMSS
sample of 8" graders and a national longitudinal extension which included 1900 students for
whom additional data from a measurement point in grade 7 and supplementary questionnaires
were available. Students' class mean ratings of classroom instruction were used to predict
learning gains and interest devel opment over the course of the year. Results showed that efficient
time use and teacher personal support affected students' achievement and interest differentially.
Studentsin classrooms with |ess efficient time use showed weaker achievement gains, whereas
personal support was found to have a positive effect on interest development. However, no
empirical support was found for the expected interaction effects between the two aspects of
instruction. These distinct effects highlight the need for multiple criteria of instructional quality.
Considering motivational and achievement outcomes at the same time may usefully inform
educators about good teaching.
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Introduction

Ininstructiona research, students’ achievement and motivation are often investigated
separately. Achievement and learning gains have been the focus of school effectiveness studies
and studies on instructional quality, which have shown that schools and teachersdiffer in the
degree to which they foster student learning (Anderson, Ryan, & Shapiro, 1989; Luyten, Visscher,
& Witziers, 2005; Wang, Haertdl, & Walberg, 1993). Asacore dimension of instructional quality,
the provision of sufficient learning time has been shown to be one of the most important
predictors for student achievement gains (Anderson et a., 1989; Seidd & Shavelson, 2007; Wang
et a., 1993). It has been shown that teachers use arange of classroom management strategies to
maximize time on task by preventing disciplinary problems and other potential times losses—for
example, establishing clear rules, monitoring student behaviour, and reacting promptly to student
misbehaviour (Doyle, 1986; Emmer & Stough, 2001).

Whereasthe beneficia effects of effective classroom management and efficient time use
on students' achievement are commonly acknowledged, their meaning for students' motivation is
less clear. Motivational research, which typically draws on smaller-scale studies or experimental
approaches, has focused on educational outcomes such as domain-specific interest and its
sengitivity to instruction (Pintrich, 2003). For instance, individua interest as a dispositional
preference for certain topics has been linked to higher engagement and persistence, which may in
thelong run support learning (Hidi, 2006; Krapp, 2002a). One widespread theoretical concern
regarding the relation between efficient time use and interest relates to the high degree of control
and external regulation that seem to be inherent in most classroom management approaches (Elias
& Schwab, 2006; McCadlin et a., 2006). An emphasis on maximizing time on task through
teachers’ controlling behaviour, which in turn underlines the asymmetrical relationship between
teachers and students, would seem to preclude the emergence of caring and supporting teacher—
student relations. Such relations have been shown to boost students' development in non-
achievement related outcomes such as intrinsic motivation, interest and well-being (Anderman &
Kaplan, 2008; Davis, 2003; Furrer & Skinner, 2003). It has been argued that the teacher- and
instruction-, but not student-centered style (Elias & Schwab, 2006)that seems typical for efficient
classroom management may appear controlling to students, undermine their sense of autonomy,
and thus thwart their intrinsic motivation or interest (Davis, 2003; Elias & Schwab, 2006; Reeve,
2006).

From amulti-criterial perspective, classroom instruction in which teachers emphasize
efficient time use thus seems to be a double-edged sword. In terms of achievement, it can be
expected that studentsin classes where much time is devoted to task work can achieve high
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learning rates and achievement gains. In terms of students' motivation and, in particular, aspects
of intrinsic motivation such as domain-specific interest, however, a strong focus on teacher
regulation and management of student interactions, whichis often a prerequisite for efficient time
use, may be problematic—especialy if it is perceived as controlling by the students. The key
guestion that arisesisthus not whether timeis used efficiently or not, but whether this
maximizing of task time is achieved at the expense of positive student—teacher relationships,
leaving students feeling controlled rather than supported. Several empirical studies indicate that
teachers regulatory behaviour does not necessarily undermine students' motivation, but that if
teachers respect students' autonomy and enforce classroom management strategies in a caring and
supportive way, thisinstructional style can boost students' satisfaction, well-being and motivation
(Kunter, Baumert, & Koller, 2007; Reeve, Bolt, & Cai, 1999; Skinner & Belmont, 1993; Walker,
2008; Franz E. Weinert & Andreas Helmke, 1995). For instance, in a small-scale study using
observational data, teacher interviews and student ratings, Walker (2008) identified different
types of teacher practices and found that students who showed the highest achievement,
engagement and self-efficacy were taught by a teacher whose teaching style was characterised by
consistent classroom management coupled with high levels of student support. Similarly, Weinert
and Helmke (1995) employed observer ratings to describe teachers' regulatory behaviour and
found that “ supportive’ teacher control, involving detailed instructions and frequent monitoring,
was associated with positive attitudes towards the subject and active task engagement. In addition,
there is evidence that providing students with structure through clear and consistent classroom
management is positively linked with a sense of autonomy and competence (Kunter et al., 2007,
Skinner & Belmont, 1993). These studies thus underscore that a supportive approach to enforcing
order and discipline in class may have positive effects on students' motivation as well astheir
achievement. However, as most of these studies were based on cross-sectional data with small
selective samples of teachers and students and rarely assessed achievement and motivation
measures simultaneoudly, studies with higher external validity are needed to support thisclaim.

In this paper, wetherefore investigate efficient time use and personal support of students as
features of classroom instruction interms of their potential to foster both student achievement and
subject-related interest. The 1995 TIMSS study in Germany, with its representative class sample,
its standardized achievement tests and additional student questionnaires, provides a unique data
base to investigate our hypotheses. Moreover, the additional longitudinal component integrated in
the German TIMSS design is suitable for investigating the long-term impact of instructional
features on educational outcomes while controlling for prior levels of achievement and

motivation.
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The study is an extension of prior studies on instructional quality using the German TIMSS
datain which selected instructional aspects were investigated separately (Kunter & Baumert,
2006; Kunter et al., 2007). Based on these results, we first investigate the relationships among
efficient time use and personal support of students to determine whether the two aspects coincide
or are mutually exclusive. In so doing, we address the assumption that efficient time use is most
often achieved by intrusive regulation of student behaviour and a strong focus on academic
matters that leaveslittle room for personal support (Kohn, 1996; McCadin & Good, 1996).
Second, we examine the long-term effect of both aspects on students’ achievement and interest
development. Drawing on research that documents the positive effect of efficient time use on
student achievement, on the one hand (Anderson et al., 1989; Seidel & Shavelson, 2007; Wang et
al., 1993), and the beneficial effects of positive teacher—student relations on various aspects of
students' motivation, on the other being (Davis, 2003; Furrer & Skinner, 2003), we expect to find
that mathematical instruction characterized by both efficient use of time and a high degree of
personal support for students, even in non-academic matters, will have positive effects on
students' achievement as well as on their mathematics-related interest. Further, we extend prior
research by specifically investigating the interaction between the two aspects of instruction.
Specifically, we expect studentsin classes where efficient time use is emphasi zed, but teachersdo
not invest time in supporting studentsin personal matters, to show lower interest. We aso expect
studentsin classes in which teachers strive to support their studentsin persona matters, but do

not succeed in using time efficiently, to have particularly low achievement gains.

M ethodology and Data Sour ces

Data Set and Participants

This study draws on data from the German sample of the TIMSS middle school assessment
(Beaton et al., 1996). In Germany, the international cross-sectional design of the TIMSS study
was extended to alongitudinal design, with students being first assessed in grade 7 and again one
year later as part of the international TIMSS assessment in grade 8. The longitudina sample
comprises 1900 students (48.5% girls) from 80 classrooms in 80 schools of all academic tracks.
The students' mean age at the second measurement point (grade 8) was 14.8 years. The mean
number of students per class was 24 (range: 13-31). Overal, 34% of the students were enrolled in
vocational-track schools (Hauptschule), 28% in intermediate-track schools (Realschule), and 39%
in the academic track (Gymnasium). Relative to the nationally representative cross-sectional
TIMSS sample, this sampleis dightly biased towards the academic track.
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Measures
M athematics achievement was assessed with the TIMSS achievement test, which covers

content areas and performance categories such as conducting routine and complex procedures,
applying knowledge and solving mathematical problems (Beaton et al., 1996). Students were
administered overlapping item in grade 7 and grade 8. At both times, items from the international
item pool were combined with aset of items taken from the First and the Second International
Mathematics Study (Husén, 1967; Robitaille & Garden, 1989) and an earlier German study by the
Max Planck Ingtitute for Human Development. Individual achievement scores were estimated
based on item response theory (see Martin & Kelly, 1997 , for details). To describe students
achievement on asingle dimension, we used an equating procedure in which achievement at

grade 8 served as a scale anchor.

M athematics-specific interest was assessed in grade 7 and grade 8 using afour-item scale
tapping aspects of value commitment and positive emotion in line with the person—object
approach to interest (Krapp, 2002b). Students answered questions on positive feglings and
perceived importance of mathematics on a 5-point scale. Theinterna consistency of the scale
was .81 ingrade 7 and .78 in grade 8 (Cronbach’ salpha).

Two scales from a student questionnaire were used to gain measures of instructional
quality in each of the classes. Items on efficient time use tapped the amount of time lost through
disciplinary problems and other disturbancesin class (e.g., “ At the beginning of mathematics
class, it takes quite awhile until students calm down and start working”; four items, all recoded,
Cronbach’ s alpha = .72). Items on personal support tapped teachers willingnessto provide help
and support unrelated to content matters (e.g., “ Our teacher soon noticesif a student has problems
or worries’; 3 items, Cronbach’s alpha = .87). Students' ratings from each class were averaged to
provide an objective measure of instruction. We drew on three indicators to establish the
feasibility of using student ratings as indicators for the quality of classroom instruction (L tidtke,
Trautwein, Kunter, & Baumert, 2006 see Table 1). Firdt, the intraclass correlations (1CCy)
indicated a substantial degree of between-class variation for both aspects of instruction. Second,
therdliability of the class means as indicated by the ICC, (applying the Spearman Brown Formula
to the ICC, by taking into account an average of 24 ratings per class) was sufficient (asarule of
thumb, an ICC, > .70 is considered to indicate good reliability). Third, the average deviation
index ADy showed that, on average, students deviated by two thirds of a scale point in their
ratings within classes, which can be considered to indicate substantial agreement. In sum, these
indicators demonstrate high inter-rater agreement for the students and confirm that it was

appropriate to use mean class ratings as measures for instruction in class.
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School track: Students from different tracks are likely to differ in their achievement levels,
aswdl asin other variables. To account for these differences, school track was included as two
dummy variables: thefirst (high track) coded 1 for classesin the academic track (Gymnasium)
and O otherwise, and the second (low track) coded 1 for classesin the vocationd track
(Hauptschule) and 0 otherwise. Including these two dummy variablesin the multilevel regression
analyses alows us to describe the differences of those two tracks relative to the intermediate track
(Realschule).

Satistical Approach

Multilevel Sructure. The data have amultilevel structure, with students nested within
classes. At Level 1, data on mathematics achievement and mathematics-related interest were
obtained from each student. At Level 2, data on instructional features were obtained by averaging
student responses on efficient time use and personal support across classrooms (school track was
included in additional models). Multilevel modelling techniques were used to handle these
multilevel data, which violate the principle of independence. All analyses were carried out using
the Mplus software (Version 5.1 Muthén & Muthén, 1998-2004).

Missing Data. Dueto the longitudinal design and the combination of performance
measures and questionnaire data, complete data sets were not available for al students (see Table
1). A small proportion of missing data was caused by the drop-out of low-achieving students at
the second measurement point, but most of the missing data seemed to occur at random (Kunter,
2005). In order to avoid areduction of the sample size, missing values were imputed and
compl ete datasets were produced for all students (Rubin, 1996). Multiple imputation was
performed using the NORM software (Schafer, 1999). Specifically, missing values were imputed
using a number of auxiliary variables (student background variables, mathematics achievement
score, additional motivational and classroom perception scales) and five complete data setswere
produced for all students. Using the M plus software, analyses were then carried out with these
multiple datasets smultaneously and combined parameters were produced.

Findings

Descriptive statistics for student achievement and mathematics-related interest, as well as
student ratings of time use and personal support are presented in Table 1. The between-class
variability in mathematics achievement and interest as indicated by the ICC, shows that students
differ substantially between classes, partly as an effect of the tracked system. As expected,
student achievement differed according to track, with highest achievement in the Gymnasium
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track, average achievement in Real schule, and lowest achievement in Hauptschule (see Table 2).
Gymnasium students reported dightly lower mathematics-related interest than the other students,
a phenomenon that has been repeatedly described for German students (see also Pekrun &
Zirngibl, 2004). Patterns of instructional quality also differed between school tracks, with more
efficient time usein academic track classes and higher persona support in vocational-track
classes (Kunter & Baumert, 2006).

Regarding our first research question on the interplay between efficient time use and
personal support, the school-type specific pattern points to the existence of specific teaching
styles in which one aspect is stressed at the expense of the other. However, across the whole
sample, wefound a positive correlation of r = .27 (p < .05) between efficient time use and student
support. Within tracks, we found positive correlations, athough effect sizes varied and, with the
exception of Gymnasium track, did not reach statistical significance (r=.56, p<.05in
Gymnasium; r = .12, p > .05 in Realschule; r = 22, p > .05 in Hauptschule). Thisresult indicates
that, overall, the creation of aclassroom structure in which time is used efficiently does not
necessarily mean costs for positive personal relationships with students. Instead, the positive
correlation indicates that both aspects constitute related aspects of instructional quality that may
coincide—or may both be absent. However, it seemsthat teachersin the specific tracks tend to
stress either one of the two aspectsin their teaching styles. Whereas this interaction between
school type and instructiona style is an interesting descriptive finding per se (Kunter et a., 2005,
for adetailed discussion of differences in instructional quality across school tracks), itisalsoa
limitation for the following regression analyses, as the high amount of confounded variance will
reduce the power to detect unique effects for the instructional variables.

Regarding our second research question, multilevel path analyses were conducted to predict
students' mathematics achievement and mathematics-related interest in grade 8. In these analyses,
mathematics achievement and interest in grade 8 were modelled as two simultaneous outcome
criteriaon the individual and classlevel. On theindividual level, achievement in grade 7 and
interest in grade 7 were entered as control variables for achievement in grade 8 and interest in
grade 8 respectively. Asabase modd to establish the between-class variance in students
achievement and interest changes over the course of the school year, we ran a model including
only theseindividual level variables, which showed that 27% of the variance in achievement
change and 4% of the variance in interest change was located at the between-class leve (both p
<.05). Although these effect sizes are small, they indicate that, even when prior achievement or
interest are controlled, classes still differ systematically in the size of achievement or interest
gains. In the next steps, we thus investigated whether changesin achievement and interest could
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be predicted by instructional variables. On the classlevel, students aggregated ratings for
efficient time and persona support were entered as predictors. As an additional predictor, the
interaction between time use and persona support (formed by the product of the two standardized
predictors) wasincluded. Table 2 shows that both instructional variables were associated with
grade 8 achievement. Whereas efficient time use was positively associated with achievement one
year later, a negative effect was found for personal support. These resultsindicate that studentsin
classesreporting high time on task but low personal support show higher achievement gains over
the course of one year than their peersin other classes. In contrast, only persona support had a
positive effect on the motivational outcome of mathematics-related interest development (b = .15,
p < .01). Contrary to our expectations, theinteraction term did not emerge as a significant
predictor of either achievement or interest.

As both student outcomes and instruction were found to differ between school tracks, in the
next step, weincluded track as an additional class-level predictor. Asshown in Model 2 in Table
2, all effects of instruction were reduced when school track was entered as a control variable. In
particular, the effect for classroom management was no longer statistically significant in
predicting student achievement. However, the negative coefficient for personal support in
predicting student achievement remained significant.

Two approaches are hel pful to evaluate the practical significance of the effects found (Kirk,
1996). First, the proportion of explained variance describes the explanatory value of the predictor
sets at both levels. The explained variance on the class level is of particular interest here. Taking
the between-class variance from the base model as a starting point, our first model explained 36%
of the between-class variance in achievement and 37% of the between-class variance in interest.
In asecond base model, we estimated the variance explained by school track only, and found that
66% of the variance in achievement change and 12.5% of the variance in interest change could be
attributed to track membership. In Model 2, which included both track and instruction, the model
explained 71% of between-class variance in achievement and 49% of between-class variancein
interest. Comparison with the second base moded shows that the unique contribution of the
instructional variables was 5% for achievement and 36% for interest, showing that, in genera,
instruction had moderate explanatory value over and above track membership, particularly on the
outcome variable of mathematics-related interest.

Asasecond approach to evaluating the practical significance of each statistically
significant predictor variable, we chose a procedure based on Tymms' (1997) proposal for
calculating effect sizes for continuous level-2 predictorsin multilevel models. This effect size,

which is comparable with Cohen’s d, can be calculated using the following formula:
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A = 2*B*Dpredictor/ Oe

where B is the unstandardized regression coefficient in the multilevel model, SDpredicior IS
the standard deviation of the predictor variable at the class level, and o isthe residua standard
deviation at the student level. The resulting effect size describesthe difference in the dependent
variable between two classes that differ two standard deviations on the predictor variable. For
efficient time use, we found an effect of d = .54 on achievement (d = .15 controlling for school
track). For social support, we found an effect of d = -.65 on achievement (d = -.29 controlling for
school track) and of d = .33 on interest (d= .27 controlling for schoal track). These can be
classfied as small to moderate effects.

Discussion: Educational and Scientific Importance

In this study, weinvestigated the specific effects of efficient use of classroom time and
personal support of students on motivational development and learning in alarge, representative
sample of mathematics studentsin Germany. As afirst finding, our results contradict the
widespread assumption that efficient time use can only be achieved by sacrificing the dimension
of personal student support. Instead, they suggest that teachers can orchestrate instructional
activitiesto include various positive features, such as making efficient use of classroomtime
while at the same time providing individual students with guidance and support. Regarding our
second research question on the long-term effects of the instructional features, our findings on the
one hand replicated those of previous studies using individual perceptions and smaller samples,
and specificaly highlighted the distinct beneficial effect of interpersonal support for fostering
students' subject-matter interest, and as a tendency also the positive effects of classroom
management on achievement. On the other hand, we found an unexpected negative main effect of
personal support on student achievement. To some degree, this effect can be explained by the
track-specific pattern of low socia support in the high-achieving Gymnasium classes. Still, even
within tracks, a moderate negative effect was observed, which may indicate that a high emphasis
on students’ personal matters during classtime may have costs for achievement. Thisfinding was
contrary to our expectations, we expected only a combination of inefficient time use and high
support to be detrimental, but the interaction term between efficient time use and support was not
found to be significant. There are two possible interpretations of thisfinding. On the one hand, it
needs to be seen in the light of the limited time generally availablein class. Note that we used

aggregated student ratings as a measure of socia support, meaning that the whole class shared the
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impression that their teacher was willing to devote time to their non-academic problems. Given
the high time pressures on teachers, who often complain that thereis barely enough timeto get
through the required curriculum (e.g., Blase, 1986), it is possible that there ssimply is not enough
time to attend to both academic and persona mattersin class. The negative effect of social
support as rated by the whole class in this study may indicate that attending to the whole class's
personal problems may actually consume too much classroom time. However, this do not imply
that teachers should not attend to students' personal matters at all—clearly personal issues can
arisethat teachers will need to deal with. The question to be addressed from the efficiency point
of view is whether these issues need to be addressed immediately in the whole class context or
would be better handled in individual teacher—student sessions.

A second interpretation also addresses a general limitation of our study. Given that we used
aquasi-experimental design in which instruction was measured at only one time point (grade 8),
we cannot rule out the possibility that the negative association between achievement gains and
social support isasign that the teachers are reacting to the students' growing academic
difficulties. Longitudinal studies with several measurement points, and particularly including
measurement at the beginning of the school year, are necessary to address this issue. Asan
additional limitation, issues of statistical power need to be discussed. High statistical power is
needed to detect interaction effects and, in our study, the high occurrence of confounded variance
(also a consequence of the quasi-experimental approach) and rather small sample size on the class
level compromised statistical power. Again, further studies that disentangle effects and perhaps
use a theory-based stratified sampling procedure to increase statistical power with respect to
crucial theoretical variableswould complement our results.

Despite these limitations, our study demonstrated how large-scale data can be productively
used to investigate substantive theoretical questionsin education. Our accessto arepresentative
sample of mathematics classes and use of the TIM SS achievement test as a highly objective and
valid achievement measure strengthens the practical significance and generdizability of our
findings. Thus, our findings complement existing studies on instructional quality, which are often
based on small-scale studies with convenience samples. In addition, our findings on the
differential effects of instruction may be particularly informative for the research community in
the context of international large-scale comparisons. Although the interplay between learning and
motivation iswidely acknowledged (Eccles & Wigfield, 2002; Pintrich & Schunk, 1996; Stipek,
1996), students' domain-specific motivation and other psychosocial aspects representing
desirable educational outcomes have rarely been investigated in large-scale studies (Gadeyne,
Ghesquire, & Onghena, 2006). Our findings stress the importance of considering these additional
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educational outcomes, over and above student achievement, to develop afull picture of what
congtitutes powerful education .
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Table 1: Descriptives, intercorrelations, and reliability information (class level) for the study

variables
N valid M SD ICC, Correlations

Individual variables 1 2. 3.
1. Achievement grade 7 1534 -0.17 1.08 0.43 - -
2. Achievement grade 8 1798 0.45 1.20 0.52 0.94 -
3. Math-related interest grade 7 1527 3.23 0.83 0.10 -0.36 -0.42 1
4. Math-related interest grade 8 1383 3.16 0.87 0.10 -0.49 -0.53 0.80

Class-level variables ICC, ICC, ADy

Efficient time use 80 243 0.31 0.130 0.78 0.64

Personal support 80 247 0.34 0.171 0.83 0.67

Note: ICC;: Between-class variance; ICC,: Reliability of class mean; ADy,: Average deviation index

(agreement within classes); see text for further explanation.
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Table 2: Multilevel models predicting students' mathematics achievement and interest in grade 8, standardized path coefficients B (standard errors of B)

Model 1: Without School Track M2: Controlling for School Track
Criterion Math achievement Math-related interest Math achievement Math-related interest
B S5 B S5 B S5 B S5
Individual variables
0.512"™ 0.035 - - 0.499™ 0.034
Achievement grade 7 0539 0.027 0.539" 0.027
Math-related interest grade 7 ) )
Class-level variables
Efficient time use 0.651" 0.170 0.032 0.090 0.182 0.126 0.119 0.095
Personal support 07117 0.157 0.351™ 0.070 -0.316° 0.128 0.283™ 0.078
Interaction Efficient time use *
Social support 0.068 0.050 0.013 0.023 0.000 0.041 0.026 0.023
Vocational-track Hauptschule * -0.401"™"" 0.098 0.043™ 0.078
Academic-track Gymnasium® 0.517" 0.093 -0.105™ 0.067
Rebetween 0.360 0.375 0.710 0.485

Note: * dummy-coded, reference category: intermediate-track Realschule.
B = unstandardized path coefficients, SE = standardized error.
***: p<.001; *: p<.05.



