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Abstract. This study explores the extent to which TIMSS and PISA yield consistent patterns of
associations between science teaching and affective as well as cognitive outcomes in 5 high-
performing Asian countries. Iltems with similar content were identified and selected to represent two
forms of instruction: “inquiry” and “interactive” science teaching. Multi-group ESEM of the
measurement model established metric-level invariance across the 5 countries. Subsequently, multi-
group multilevel SEM revealed markedly different patterns of teaching-learning relationships between
the two assessments. The results show that PISA and TIMSS do not always converge or lead to
consistent conclusions, especially regarding the associations between teaching and cognitive outcome
(achievement). Results from PISA indicate that inquiry is associated with lower achievement, while
interactive teaching with higher achievement, In contrast, the weak and non-significant relations found
in TIMSS suggest that the relations between both forms of teaching and learning outcomes may be
more contextual. A better understanding of the reasons behind these diverging findings is necessary
before stronger conclusions can be made about the effects of interactive and inquiry-based science
teaching. This paper argues that one of the more probable explanations is related to the source of data
(student perceptions vs. teacher reports). That is, teachers and students may interpret descriptions of
teaching practices (e.g. “students are asked to draw conclusions from experiments”) in systematically
different ways. Further research is needed to test this and other possible explanations.
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INTRODUCTION

This paper examines associations between science learning outcomes and two important forms of
instruction: interactive teaching and inquiry-based teaching. Prior studies addressing this question
have found that, contrary to expectations, inquiry is associated with poorer learning. Complementing
prior studies which have mostly relied upon the PISA database, this paper draws upon TIMSS-Grade 8
and PISA 2015 to explore the extent to which consistent, meaningful patterns of findings could be
observed in five high-performing Asian countries.

Teaching quality

Teaching is among the most important factors influencing student learning and achievement. Decades
of research have attempted to identify characteristics of high quality teaching. While terminologies
vary, these characteristics could be arranged under several broad dimensions (Fauth, Decristan, Rieser,
Klieme, & Bittner, 2014; Neumann, Kauertz, & Fischer, 2012). One dimension is related to
presentation, e.g. clear goals, logical sequence, and using appropriate pace. Another dimension is
related to classroom climate, e.g. positive social interactions, orderly climate, and efficient transitions.
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A third dimension, which is the focus of this paper, is often called cognitive activation (Klieme, Pauli, &
Reusser, 2009).

Cognitive activation are practices which activate students’ higher-order cognitive processes which are
central to learning (Bransford, Brown, & Cocking, 2000). Cognitive activation practices can be generic
or domain-general, such as questioning, prompting self-explanations, connecting new information
with students’ prior knowledge. They can also be domain-specific, such as inquiry activities often
incorporated in science teaching. Inquiry is seen as essential for science learning when the goal is to
develop not only conceptual knowledge, but also understanding about the nature of science.

Inquiry-based teaching

While widely endorsed, inquiry-based teaching has also attracted criticisms. Authors have argued that
inquiry and other constructivist teaching approaches are often too unstructured, thus potentially
overloading students’ cognitive capacity and hampering learning (Kirschner, Sweller, & Clark, 2006;
Mayer, 2004). Instead of student-driven approaches, these authors advocate for the use of explicit
guidance and structure in teaching (Stockard, Wood, Coughlin, & Rasplica Khoury, 2018).

Conceptually, inquiry approaches do not necessarily exclude scaffolding or teacher guidance. Indeed,
much research in science education have sought to investigate the nature and effects of various types
of structures for the process and outcomes of inquiry activities (e.g. Quintana, Zhang, & Krajcik, 2005;
Wilson, Taylor, Kowalski, & Carlson, 2010). Such studies have generally shown that structure and
guidance increases the effectiveness of inquiry (Furtak, Seidel, Iverson, & Briggs, 2016; Lazonder &
Harmsen, 2016).

The bulk of the literature on inquiry science teaching investigates innovative, research-based curricula
implemented in specific classrooms/schools which may not be representative of more “naturally
occurring” practices in the average classroom. In this regard, studies based on international large-scale
assessment (ILSA) data provide an important contribution by examining teaching practices in a much
wider range of schools. In general, ILSA studies have either found non-significant or negative
associations between inquiry and science achievement (Areepattamannil, 2012; Cairns &
Areepattamannil, 2017; Lay, Areepattamannil, Ng, & Khoo, 2015). However, other studies indicate that
some items or dimensions of inquiry positively predict learning outcomes, at least in certain countries
(Gee & Wong, 2012).

Science teaching in ILSA

TIMSS and PISA background questionnaires include items/indicators of teaching which reflect the
concept of cognitive activation. These include domain-general practices such as asking students to
explain their ideas and relating content to everyday life and students’ prior knowledge. Others are
more domain-specific, which in science refers to inquiry activities. These include practices such as
asking students to design and conduct experiments, interpret data, and use evidence to support
claims/conclusions. Comparatively, TIMSS covers more indicators of domain-general cognitive
activation, while PISA includes more items on inquiry (Miller, Prenzel, Seidel, Schiepe-tiska, & Kjaernsli,
2016).

Beyond the specific items, the main difference between TIMSS’ and PISA’s assessment of teaching is
their data sources. TIMSS uses teachers’ report, while PISA assesses students’ perceptions. Each
approach has its strengths and drawbacks, and are often seen as complementary approaches to assess
teaching quality (Ludtke, Robitzsch, Trautwein, & Kunter, 2009).

Research question
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To what extent do analyses based on TIMSS and PISA data produce consistent findings regarding the
relationships between teaching practices and educational outcomes (enjoyment and achievement)?

METHOD
Data sources

Data was taken from the 2015 cycle of PISA and Grade-8 TIMSS from five high-performing Asian
countries/education systems (Hong Kong, Japan, Korea, Singapore, and Taiwan). Teacher and student
data from TIMSS were merged using the IDB Analyzer software.

Table 1. Number of students and class/schools.

ILSA PISA TIMSS

Unit Students | Schools | Students | Schools
Taiwan 7708 214 5964 208
Hong Kong 5359 138 4283 152
Japan 6647 198 5534 171
Korea 5581 168 6847 220
Singapore 6115 177 6116 334

Total 31410 895 28744 1085

Measures

In TIMSS, grade 8 science achievement is measured in terms students’ knowledge in biology,
chemistry, physics and earth science, and their ability to apply and reason using that knowledge
(Jones, Wheeler, & Centurino, 2015). Similarly, PISA measures students’ ability to explain natural
phenomena, evaluate and design science investigations, and interpret scientific data and evidence
(OECD, 2016). The key difference is that TIMSS’ test content is curriculum-based, while PISA is not.

Enjoyment of learning science was chosen to represent affective outcome. This was measured by the
IRT-scaled indices of “Students Like Learning Science” (TIMSS) and “Enjoyment of Science” (PISA).

Table 2 displays the indicators of teaching as cognitive activation used in this paper. Both TIMSS and
PISA include several other indicators of cognitive activation (e.g. in PISA there are items referring to
debate and argumentation around inquiry). However, only similarly-worded items considered to
measure closely related constructs are chosen for the current analysis. In TIMSS, the data represent
teacher reports, while in PISA they represent student perceptions.

Table 2. Indicators of inquiry and interactive science teaching practices

TIMSS PISA
Inquiry-based teaching
BTBG18E. Conduct experiments or ST098QO2TA. Students spend time in the
investigations. laboratory doing practical experiments.

BTBG18G. Interpret data from experiments or ST098QO5TA. Students are asked to draw

investigations. conclusions from an experiment they have
conducted.

BTBG18D. Design or plan experiments or ST098QO7TA. Students are allowed to design

investigations. their own experiments.
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Interactive teaching

BTBG14B. Ask students to explain their answers.

ST098QO1TA. Students are given opportunities
to explain their ideas.

BTBG14E. Link new content to students' prior
knowledge.

ST098QO6TA. The teacher explains <school
science> idea can be applied

BTBG14A. Relate the lesson to students' daily
lives.

ST098QOI9TA. The teacher clearly explains
relevance <broad science> concepts to our lives.

Analysis

Analyses were conducted separately for TIMSS and PISA. Multi-group ESEM was applied using MPLUS
to check for configural, metric, and scalar invariance for the two-factor model (inquiry vs. interactive
teaching). Subsequently, multi-group multilevel SEM using MPLUS was applied to examine relations
between teaching and learning outcomes (enjoyment and achievement) in three steps. First, a null
model was fitted to estimate Level-1 (student) and Level-2 (classrooms in TIMSS and schools in PISA)
variances of the dependent variables (enjoyment and achievement). Second, a random intercept
model was fitted with gender (L1), immigrant status (L1), language spoken at home (L1), and SES (L1
and L2) as observed predictors. Third, interactive teaching and inquiry teaching, each measured by 3
items, were added as latent predictors. All available plausible values were utilised through the
TYPE=IMPUTATION option. Design effects were taken into consideration by using the school id (PISA)
and teacher-link (TIMSS) as clustering variables. The final student weight (PISA) and science teacher
weight (TIMSS) variables were used to account for sampling bias. Due to the age-based sampling in
PISA, students from a school might be taught by different teachers (there are no meaningful class-level
cluster). Hence, teaching practices were treated as a student-level construct.

RESULTS

Preliminary results

Multi-group ESEM indicated that Ml for the two factor model (interactive and inquiry teaching) could
be established at the metric level (for PISA: CFI=.974, TLI=.963; RMSEA=.059; SRMR=.044; for TIMSS:
CFI=.968, TLI=.953; RMSEA=.011; SRMR=.071). This implies that measurement models have the same
number of factors and factor loadings across the 5 countries, allowing for meaningful comparison of

regression slopes.

The multi-group multilevel SEM of the null models reveal a large variation of ICC for achievement:
estimates were 25-44% (PISA) and 6-76% (TIMSS). For enjoyment, ICC were lower and less varied:

between 1-10% (PISA) and 6-8% (TIMSS).

Teaching practices and student outcomes

To conserve space, only standardized slope estimates of teaching effects are reported. Among the
covariates, individual and collective SES (i.e. ESCS in PISA and HLR in TIMSS) displayed consistently

positive associations with outcomes.

Table 3. Effects of INQUIRY TEACHING (figures are standardised estimates and standard errors).

Outcome Enjoyment Achievement
ILSA PISA TIMSS PISA TIMSS
Taiwan 0.00 (0.02) 0.05 (0.11) -0.47 (0.02) ** 0.05 (0.05)
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Hong Kong 0.11 (0.04)** 0.37(0.17)* | -0.30(0.05) ** | 0.35(0.11)**
Japan -0.10 (0.02) ** 0.10 (0.24) -0.27 (0.03) ** 0.03 (0.14)
Korea -0.06 (0.02) ** | -0.09(0.12) | -0.44 (0.02) ** 0.09 (0.08)
Singapore -0.01 (0.03) 0.05 (0.08) -0.03 (0.04) 0.03 (0.05)

Table 4. Effects of INTERACTIVE TEACHING (figures are standardised estimates and standard errors).

Outcome Enjoyment Achievement
ILSA PISA TIMSS PISA TIMSS
Taiwan 0.21 (0.02)** 0.08 (0.11) 0.44 (0.02)** -0.01 (0.06)
Hong Kong 0.27 (0.04)** -0.09 (0.19) 0.36 (0.05)** -0.10 (0.12)
Japan 0.31 (0.02)** -0.00 (0.22) 0.15 (0.03)** -0.09 (0.13)
Korea 0.24 (0.02)** 0.36 (0.12)** 0.26 (0.02)** 0.00 (0.10)
Singapore 0.32 (0.03)** 0.16 (0.10) 0.12 (0.04)** 0.02 (0.05)

DISCUSSION AND CONCLUSION

Estimates based on PISA indicate that inquiry is unrelated (or weakly related) to enjoyment and
associated with lower achievement, but that interactive teaching is associated with both higher
enjoyment and higher achievement. Meanwhile, estimates based on TIMSS mostly indicate both forms
of teaching to be unrelated with enjoyment and achievement. For TIMSS, the only significant
correlations were between inquiry and both outcomes in Hong Kong, and between interactive
teaching and enjoyment in Korea.

At first blush, these results reveal little consistency between TIMSS and PISA. However, comparisons
across PISA and TIMSS need to take into account the uncertainty (standard errors) around the point
estimates. The standard errors in TIMSS are much larger because analyses were conduceted at the
classroom level (i.e., much smaller sample size than PISA, which took students as its unit of analysis).
Thus, for the purpose of comparing PISA and TIMSS, it is more appropriate to examine confidence
intervals around the point estimates (and disregarding the statistical significance).

Using this approach, the discrepancy between PISA and TIMSS largely disappears with regards to the
association between teaching and enjoyment. That is, there is too much uncertainty around the
estimates to confidently infer that the findings reflect genuine differences. With regards to
achievement, however, estimates from PISA and TIMSS seem to genuinely differ in Taiwan, Hong Kong,
and Korea. For these three countries, PISA indicate that inquiry is associated with lower achievement,
while interactive teaching with higher achievement.

Taken together, analyses based on PISA and TIMSS data do not always converge or lead to consistent
conclusions. Inconsistencies between the two are more pronounced with regards to the association
between teaching and cognitive outcomes. Results from PISA shed an unfavourable light on inquiry.
Meanwhile, the weak and non-significant relations found in TIMSS suggest that inquiry’s impact on
learning may be more contextual. Thus, rather than leading to an unfavourable conclusion regarding
inquiry, results from TIMSS would prompt further investigations of contextual features (e.g. teacher
qualifications, school resources) which may moderate the relations between teaching and learning.

Which conclusions are more warranted? Answering this question would require a better
understanding of why the diverging results emerged. Part of the explanation likely involves some
aspect of the different methods adopted by TIMSS and PISA. One possibility stems from how
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achievement is assessed (curriculum-based in TIMSS vs. daily life applications in PISA). However, the
two assessments share much in common (Wu, 2009) and are highly correlated (Asendorpf & Conner,
2012). Furthermore, one might argue that because interactive teaching is teacher-centred, it should be
linked more strongly with assessments which are curriculum-based (which was not the case here).

A more probable explanation might have to do with the source of data to assess teaching (students vs.
teachers). In this case, the diverging results may reflect systematic differences in how a description
such as “asking students to interpret data” might be interpreted. For most students, it may mean
doing the activity without the teachers’ guidance. For teachers, however, the same description may
conflate guided and unguided activities (and hence its correlation with outcomes would depend upon
context, as current results indicate).

This latter possibility is supported by a recent analysis of the TIMSS 2007 data for Taiwan, in which
teaching was assessed based on students’ perceptions but then aggregated at the class level (Liou &
Jessie Ho, 2018). These authors found that science achievement is negatively related with inquiry, but
positively with teacher-centred instruction. This is the same pattern of results obtained in this study
based on the PISA data.

These possibilities are offered as conjectures to be systematically tested in future research. What can
be concluded for the moment is that drawing valid inferences about teaching quality from
guestionnaire data is a challenge which still needs to be addressed through concerted effort.
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Dear participants,

We are sincerely glad to have the opportunity to welcome you to Denmark and the Danish School of Education—also
known in Denmark, on our campus in Copenhagen, and beyond, as DPU. You are not only visiting the 8t [EA
International Research Conference but also one of Denmark’s largest and strongest university environments for
research within the field of education and educational theory (pedagogy). With our 155 scholars and 90 PhD
students, DPU constitutes one of the largest education research environments in Europe. Hosting the conference is
in line with DPU’s international foundation and outlook to build strong scientific perspectives on educational
theory. DPU is characterized as a place for interdisciplinary research aimed at specific educational fields of
inquiry, with daycare and schools playing the largest and most central roles. We therefore hope you have some
fruitful days of knowledge sharing here at our campus, joining the 8t IEA International Research Conference.

Sincerely,
Christian Christrup Kjeldsen

Deputy Head of School (DPU) and Centre Director and Director for Research at the National Centre for School
Research (NCS)
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PRACTICAL INFORMATION

WIFI

If you are a student or employee at AU you can setup your wireless connection by using the “AU”-button. If
your home institution uses Eduroam, you should be able to log on via the network: Eduroam.

Guest wifi
To use the guest wifi at DPU, please take the following steps:

1) Activate wifi on your device

2) Choose the 'AU-Guest' wifi

3) Open an internet browser

4) The browser will automatically redirect you to the login screen. (If not, please visit ww.au.dk). You
need an account at one of the following to use the internet: Facebook, Google Drive, Linkedln, SMS
(Only Danish phone numbers), Microsoft-account (outlook.dk, hotmail.com.) After the initial
configuration you will be logged on automatically in the future.

RECEPTION

The reception will be held in the Copenhagen City Hall
Address: Radhuspladsen 1, 1599 Kagbenhavn, Denmark
18:00 - 19:30
Buses will be available to take guests to the event. The buses will leave at 17:20 from the front entrance to
the conference building on Tuborgvej road.

CERTIFICATES OF ATTENDANCE

If you would like a certificate of attendance, or have indicated to us already that you would like a certificate,
please come to the registration desk on Friday (28 June) during the lunch break.
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