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A B S T R A C T

Previous studies have assumed a linear relationship between inquiry-based teaching and student achievement in
science. However this assumption may be questionable. Recent evidence on the effectiveness of inquiry-based teaching
has yielded conflicting findings. To test the linearity assumption, the present study investigated the relation between
inquiry-based teaching and achievement by taking into account the possible existence of nonlinear relations using
Norwegian TIMSS 2015 data. A multilevel structural equation modeling analysis showed that the relationship was
curvilinear. Inquiry-based teaching was positively correlated with achievement, but high frequency of inquiry ac-
tivities was negatively related to achievement. Furthermore, we found that classroom SES did not affect the strength of
the relationship between inquiry and achievement. These findings challenge the linearity assumption and contribute
to explaining the conflicting evidence in earlier research as well as promote the effectiveness of inquiry-based teaching
regardless of students’ socioeconomic backgrounds.

Real science is a constant investigation of the unknown.
– Abhijit Naskar, Neuroscientist, author, and speaker

1. Introduction

The relation between the implementation of certain instructional ap-
proaches and student achievement has probably become the most relevant
indicator of teaching effectiveness. For instance, science education commu-
nities have long advocated the importance of inquiry-based teaching in
improving student learning (e.g., American Association for the Advancement
of Science, 1994; Osborne & Dillon, 2008; Rocard et al., 2007). The trend
towards inquiry-based teaching can be seen as an attempt to develop stu-
dents’ reasoning and thinking skills through inquiry activities that represent
the heart of scientific method (Klahr & Dunbar, 1988). This effort is partly
reflected by the recommendations to implement inquiry-based methods to
improve the quality of science teaching across European countries, such as
the Rocard report Science Education Now: A Renewed Pedagogy for the Future of
Europe (2007), and the increasing focus on experimentation and inquiry
skills in educational large-scale assessments (e.g., Programme for Interna-
tional Student Assessment [PISA], Trends in International Mathematics and
Science Study [TIMSS]). Despite these developments, an important question
remains: Does inquiry-based teaching result in higher science achievement?

A growing body of research has investigated the effectiveness of inquiry
teaching for improving student achievement. However, this research

abounds in conflicting findings. Whereas some studies have documented a
positive trend favouring inquiry-based instructional practices (e.g., Minner,
Levy, & Century, 2010; Schroeder, Scott, Tolson, Huang, & Lee, 2007), the
results of more recent studies using international large-scale assessment
(ILSA) data indicated that this teaching strategy is negatively associated
with science achievement (see Cairns & Areepattamannil, 2017). These
inconsistent results in the literature might be due to several possible
challenges associated with the nature of inquiry teaching measure and the
analysis of the resultant data.

First, most studies investigating the effectiveness of inquiry-based
teaching employ a measure of inquiry that focused on its frequency aspect
(i.e., how often inquiry activities occur) and assume that a linear relation-
ship exists between the inquiry activities and student achievement (e.g.
Stohr-Hunt, 1996). Instead of assuming that “more is always better (or
worse)”, Creemers and Kyriakides (2008) argue that researchers in-
vestigating teaching effectiveness should consider the possibility of non-
linear associations of the variables under investigation. For instance, the
implementation of inquiry-based science teaching to only a limited extent
misses out on an important aspect of scientific literacy (NRC, 2013). At the
same time, the implementation of this approach requires ample lesson time
(Guskey, 2000), and an overemphasis on inquiry activities might cut into
time spent on other necessary teaching and learning practices. Hence, it is
possible to expect the presence of a curvilinear relation between inquiry-
based teaching and student achievement.
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Second, the use of ILSA data has attracted great attention in recent
decades because it provides unique opportunities for generalizing findings
to a wide population and examining teaching effectiveness across countries
and cultures (e.g., Nilsen, Gustafsson, & Blömeke, 2016; Strietholt &
Scherer, 2017). Since the implementation of inquiry-based teaching de-
pends upon the teachers, variance in this construct may be more likely
explained by differences between classes rather than between schools.
Hence, to investigate the link between teaching strategies and student
outcomes, the appropriate level of analysis—that is, the classroom level—is
needed (Marsh et al., 2012). This presents a challenge for ILSA studies such
as PISA, which primarily focuses on the student, school, and country levels
rather than the classroom or teacher levels.

The aim of this study is therefore to shed light on the relationship
between inquiry-based teaching and student achievement in science,
based on a large-scale data set that overcomes the challenges associated
with the type of relationship (i.e., linear vs. curvilinear) and level of
analysis (i.e., classroom level vs. alternative levels). More specifically,
we present findings from the TIMSS 2015—the only ILSA study that
collects data from a nationally representative sample of schools and
students in their intact science classrooms—and examine the relation
between inquiry-based teaching activities and students' achievement,
considering the possible existence of nonlinear relations and the ap-
propriate unit of analysis (i.e., classrooms). In addition, it is important
to examine whether and to what extent contextual variables, such as
students’ socioeconomic status (SES) in a class, might influence this
relationship. As such, the effectiveness of inquiry instruction might vary
by classroom SES. These findings contribute to an understanding of the
role of inquiry-based teaching in science education and create aware-
ness of the methodological challenges associated with the analysis of
self-reported data, especially ILSA data for studies of teaching effec-
tiveness in the research community.

1.1. Defining inquiry-based science teaching

Inquiry has been interpreted in many different ways across studies

and has become “one of the most confounding terms within science
education” (Settlage, 2003, p. 34). Although there is a lack of agree-
ment on the meaning of inquiry, it seems clear that this practice places
a strong emphasis on promoting active learning and student's responsi-
bility for constructing knowledge (de Jong & van Joolingen, 1998). Stu-
dents are expected to acquire first-hand experience through inquiry
practices in order to fully understand and appreciate how scientific
knowledge is discovered (NRC, 2012).

In dealing with the non-uniform interpretations of inquiry, Abrams,
Southerland, and Evans (2007) suggested focusing on the goals teachers
have for applying inquiry in the classroom. In general, teachers im-
plement inquiry practice so that their students can accomplish one or
more of the following objectives: “to learn how to do science, learn
about the nature of science, and learn science content”(NRC, 2000, p.
1). Based on the primary goal(s) of classroom inquiry, we define inquiry
as the practice in which students design or plan experiments, conduct ex-
periments to collect evidence, interpret the evidence from the experiments,
use the evidence to justify conclusions, and communicate the results of the
experiments. These activities frame inquiry as a student-centred ap-
proach by highlighting the importance of scientific investigations in
achieving the goals of classroom inquiry.

We simplified the five phases of the inquiry-based learning framework
developed by Pedaste et al. (2015) to illustrate various inquiry activities
involved in our research. The original framework divided inquiry learning
into five phases: Orientation, Conceptualization, Investigation, Conclusion,
and Discussion. In our simplified phases of inquiry (see Fig. 1), we did not
include the Orientation phase—which places more emphasis on teacher-
centred approaches to stimulating students’ interest in the scientific in-
vestigation at hand—since our definition of inquiry-based teaching views
students as active learners who are responsible for their knowledge con-
struction. Our adapted framework of inquiry starts with the Con-
ceptualization phase, where students identify questions or formulate hy-
potheses to guide the inquiry process (Fig. 1). The research problems or
hypotheses can be provided by the teacher, suggested by students, or
identified by the teacher and students together. In the Investigation phase,

Fig. 1. The integrative phases of inquiry-based teaching activities in our study (a simplified inquiry-based learning framework from Pedaste et al., 2015, p. 56, p. 56).

N. Teig et al. Learning and Instruction 56 (2018) 20–29

21



students make discoveries related to their questions by designing their in-
vestigations, conducting experiments, and interpreting and evaluating the
outcomes. While the focus in the Exploration and Experimentation sub-
phase is to collect reliable data, the Data Interpretation sub-phase places a
strong emphasis on the process of meaning-making and building new
knowledge from the data (Bruce & Casey, 2012). The next stage can be
characterized as the Conclusion phase, which focuses on the process of
comparing inferences drawn from the data to justify a conclusion. Students
evaluate whether the research problems have been answered through the
evidence collected from the investigation (Scanlon, Anastopoulou,
Kerawalla, & Mulholland, 2011). Finally, the Discussion phase is viewed as
a process that occurs during all phases. This phase represents an external
process of inquiry and its openness, in which students discuss their findings
and conclusions with the teacher and other students and receive feedback
that can be used to improve the inquiry activities. Inquiry is viewed as an
integrated and nonlinear process in which every activity is linked with each
other in complex ways (Krajcik et al., 1998).

1.2. The relationship between inquiry-based teaching and student
achievement in science

Inquiry has increasingly become a central term that represents
“good science teaching and learning” in science education communities
(Anderson, 2002). Researchers have advocated teachers to facilitate
learners in constructing their own scientific knowledge and to engage
them in the problem-solving process by using inquiry approach in their
classrooms (Driver, Asoko, Leach, Scott, & Mortimer, 1994). Although it
seems obvious that the implementation of scientific inquiry should be
the basis for science teaching and learning, the evidence suggesting that
inquiry-based teaching translates into increased student achievement,
has been somewhat inconclusive.

In the past two decades, several meta-analyses and ILSA studies ex-
amining the effectiveness of inquiry-based science teaching have been re-
ported. These studies can be divided into four major strands: First, studies
that contrasted inquiry-based science teaching with other science teaching
approaches highlighted the significance of inquiry approach in place of
traditional passive teaching strategies (e.g., Minner et al., 2010; Schroeder
et al., 2007). Second, empirical research that concentrated on the instruc-
tional guidance given to students found that activities involving teacher-
guided instruction were more effective than independent or open-inquiry
based approaches (Furtak, Seidel, Iverson, & Briggs, 2012; Jiang &
McComas, 2015; Kang & Keinonen, 2017). However, the different types of
guidance students received during scientific inquiry were equally effective
in promoting learning (see Lazonder & Harmsen, 2016). Third, research
that compared different types of inquiry activities across multiple countries
showed that only the activities that emphasized models or applications in
science and student-centred interactions were positively correlated with
science achievement, and the opposite effect was found for inquiry that
focused on hands-on scientific investigation activities (Areepattamannil,
2012; K. A. Gee & Wong, 2012; Lavonen & Laaksonen, 2009). Fourth,
studies that considered student investigations to be the cornerstone of in-
quiry practice indicated that high levels of inquiry-oriented learning ac-
tivities led to below-average levels of science performance (McConney,
Oliver, Woods-McConney, Schibeci, & Maor, 2014). Similarly, recent re-
search across 54 countries using PISA 2006 data revealed that inquiry-
based science teaching was negatively related to students’ scientific literacy
(Cairns & Areepattamannil, 2017).

The preceding summary illustrates the variability in the ways that
inquiry-based science teaching has been related to student achieve-
ment. Early research suggested that inquiry is a preferred instructional
strategy in science classrooms. However, more recent studies—espe-
cially those using ILSA data places on the third and fourth strand of
inquiry research—failed to show a positive correlation between scien-
tific investigation activities and student achievement. We argue that
this mixed evidence might have been caused by insufficient attention
being paid to the type of relationship and level of analysis inherited in the

ILSA data, which could have masked important differences in the ef-
fectiveness of inquiry-based science teaching across studies.

Regarding the type of relationship, a considerable amount of litera-
ture on teaching effectiveness has relied on the assumption that a linear
association exists between teaching factors and student outcome vari-
ables. Most of these studies have examined the frequency dimension of
teaching effectiveness, indicated by either the number of hours per
week or other frequency responses (e.g., ranging from “never” to “every
lesson”). Researchers have proposed the necessity of investigating
nonlinear relations when examining the link between frequency di-
mension and student achievement (see Creemers & Kyriakides, 2008).
For example, Caro, Lenkeit, and Kyriakides (2016) found that the as-
sociation between cognitive activation strategies and mathematics
achievement follows an inverted U-shape instead of linear pattern.
Thus, the previous studies on inquiry effectiveness might have ne-
glected the possible existence of a nonlinear relationship between in-
quiry-based teaching and achievement in science.

Choosing the appropriate level of analysis is another important
consideration. In examining the impact of classroom-level constructs,
the appropriate unit of analysis lies at the classroom level (for a com-
prehensive review see Marsh et al., 2012). Although many studies have
stressed the need for measuring teaching effectiveness at the classroom
level (for instance, Creemers & Kyriakides, 2008), several recent in-
vestigations failed to consider the importance of this analytical ap-
proach in studying the effect of inquiry-based science teaching on stu-
dent achievement (e.g., Kang & Keinonen, 2017). This might be due to
the fact that these studies were based on PISA data, which were col-
lected at the student and the school level within a country. Even though
investigating teaching effectiveness at the student or school level may
provide insights into individual differences in student perceptions or
the instructional climate in schools (Scherer, Nilsen, & Jansen, 2016), it
suffers from methodological challenges associated with the inquiry ef-
fectiveness factors operating at the inappropriate level. To address this
issue, we chose to use TIMSS data in the present study to examine in-
quiry-based science teaching at the classroom/teacher level.

While most studies on the relations between inquiry-based teaching and
achievement would control for students' socioeconomic back-
ground—probably the most widely used students' contextual variable in
teaching effectiveness research (Sirin, 2005)—few investigate the role SES
plays in moderating this relation. The available literature suggests that
students’ access to educational resources at home is consistently related to
higher science achievement, both at the student and classroom levels (e.g.,
Kaya & Rice, 2010). According to the TIMSS 2015 International Results in
Science (Martin, Mullis, Foy, & Hooper, 2016), students and parents who
reported owning many educational home resources (e.g., books at home)
scored approximately 1.5 standard deviations higher on science achieve-
ment than those who reported having few resources. Although substantial
evidence on the effects of SES on achievement exist, little is known about
the role that SES plays in making a specific teaching approach—such as
inquiry-based science teaching—successful.

The implementation of inquiry activities in classrooms with low
average SES may be less fruitful in fostering student learning than in
classes with high SES. As reported in several recent international stu-
dies, such as PISA 2015 (OECD, 2016) and TIMMS 2015 (Martin,
Mullis, Foy, et al., 2016), students from low SES families are less likely
to engage in academic activities. Interest towards science learning is a
substantial factor for effective inquiry instruction since this practice
often requires considerable effort and commitment from students to
actively construct their own knowledge (Anderson, 2002). Further-
more, it is critical to note that students’ engagement in inquiry activ-
ities, especially in the discussion phase, requires them to participate in a
scientific discourse in which the use of language plays an important role
in facilitating learning (Norris & Phillips, 2003; Wellington & Osborne,
2001). Research has shown that students who come from under-
privileged SES families, especially those with immigrant backgrounds,
are at a disadvantage when it comes to learning the language of science
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(J. P. Gee, 2004; Ryoo, 2009). Along this line, it is valuable to explore
whether the relation between inquiry-based teaching and student
achievement is sensitive to SES differences. This line of thought adds a
differential effectiveness perspective to the relation between inquiry
activities and student achievement in science.

2. The present study

The present study utilizes a large dataset from TIMSS 2015 to in-
vestigate the relationship between inquiry-based teaching and science
achievement by applying the appropriate level of analysis (i.e., the
classroom level). First, we use a multilevel approach to investigate the
possibility that inquiry-based teaching exhibits a curvilinear relation-
ship with achievement. Second, we examine whether the association
between inquiry-based teaching and science achievement changes after
controlling for classroom SES and whether this association is moderated
by the classroom SES. To our knowledge, this article is the first to report
nonlinear relations between inquiry-based science teaching and
achievement in addition to the effect of classroom SES.

3. Method

3.1. Sample and procedure

Data for the analyses were drawn from TIMSS, an international
large-scale survey that assesses student performance in mathematics
and science of four and eight graders in participating countries every
fourth year (Martin, Mullis, Foy, et al., 2016). Our analyses were based
on the Norwegian data from the TIMSS 2015 science grade 8th study.
The sample consisted of N=4382 students (50.1% girls) and 211 sci-
ence teachers (52.7% female; 75.8% under the age of 50; teaching ex-
perience: M=13.1 years, SD=10.4 years). This study examined the
data from the teacher and student background questionnaires in addi-
tion to the student science assessment.

TIMSS uses a two-stage stratified cluster sampling design in choosing
participants within a country (Martin, Mullis, & Hooper, 2016). In the first
stage, schools are sampled, and in the second stage, intact classrooms of
students are selected at random within the participating schools. These
classrooms are sampled instead of individual students across certain age
groups or grade levels because TIMSS focuses on students’ curricular and
instructional experiences, which typically occur in classrooms. As such,
students are nested within classrooms and classrooms within schools. To
avoid bias associated with disproportional selection probabilities, sam-
pling weights are computed at the school, classroom and student level, but
only assigned at the school and classroom level since the student level
weights are not informative (Kim, Anderson, & Keller, 2013; Rutkowski &
Zhou, 2013; Stapleton, 2013).

3.2. Measures

3.2.1. Inquiry-based science teaching
Inquiry-based science teaching—represented as a latent varia-

ble—served as the independent variable in this study. Teachers were
asked about their perceptions on the frequency of various activities in
science lessons, “In teaching science to the students in this class, how often
do you ask them to do the following?” They indicated the frequency with
which 15 specific teaching and learning activities occurred in their
science lessons using a 4-point Likert-type scale ranging from 1 (never)
to 4 (every or almost every lesson). Of these 15 items, we chose the fol-
lowing five items that were related to our definition and phases of in-
quiry-based science teaching: (a) design or plan experiments or in-
vestigations [Expl], (b) conduct experiments or investigations [Expr],
(c) present data from experiments or investigations [Com], (d) interpret
data from experiments or investigations [Data], and (e) use evidence
from experiments or investigations to support conclusions [Con].

3.2.2. Science achievement
We selected student achievement in science as a dependent variable

in this study. The psychometric quality of the science assessment was
evaluated extensively during the scaling procedure. For a detailed de-
scription of the process, we refer the reader to the Methods and
Procedures in TIMSS 2015 report (Martin, Mullis, & Hooper, 2016).
Student achievement was measured with a science test and estimated
via a measurement model that produced a set of five plausible values to
represent the range of student performance. All plausible values were
incorporated into our models to produce an average of the model es-
timates (e.g., regression coefficients) and adjusted standard errors.
Since our primary goal was to investigate the relationship between
inquiry-based science teaching and student achievement at the class-
room level, we used achievement scores at the classroom level and
controlled for possible variation at the student level (Morin, Marsh,
Nagengast, & Scalas, 2014).

3.2.3. Classroom SES
We used three items from the student background questionnaire

(i.e., students' ratings of the number of books at home, the levels of
their mother and fathers' highest education background) to create a
latent variable of SES at the student level. This latent variable was also
established at the classroom level under the doubly-latent variable
framework to control for measurement error at the student and class-
room level and sampling error in the aggregation of students’ ratings to
create SES construct at the classroom level (Morin et al., 2014).

3.3. Data analysis

Classroom level is the most appropriate level of analysis whenever re-
search questions targeting teaching effectiveness are examined (Marsh
et al., 2012). In the current data, 12.2% of variation in student achievement
is explained at the classroom level. Accordingly, we performed multilevel
structural equation modelling (MSEM) with students nested in classrooms.
Our MSEM approach served two main purposes: (a) establishing mea-
surement models to represent inquiry-based science teaching and student
SES background; (b) examining the relations between teaching activities,
SES, and science achievement. To accomplish (a), we used multilevel
confirmatory factor analysis (MCFA)—an extension of CFA to multilevel
situations that has proved useful to study the factor structure of instruc-
tional practices at two levels (Fauth, Decristan, Rieser, Klieme, & Büttner,
2014; Wagner, Göllner, Helmke, Trautwein, & Lüdtke, 2013)—inquiry-
based science teaching and SES. Model fit was evaluated using Ryu’s
(2014) partial saturation approach by obtaining test statistics and fit in-
dices for each level separately. Given that we used teacher reports to
measure the frequency of inquiry-based activities in classrooms, the factor
structure was only specified at the between level; the within level was
empty. We referred to common guidelines for an acceptable model fit (i.e.,
CFI≥ .95, TLI≥ 0.95, RMSEA≤ .08, and SRMR≤ .10; Marsh, Hau, &
Grayson, 2005). Nevertheless, we note that these guidelines do not re-
present “golden rules” (Marsh, Hau, & Wen, 2004), and the extent to which
they apply to MSEM is still to be examined (Ryu, 2014). SES was based on
student ratings that were aggregated to the classroom level, and the
doubly-latent modelling approach was chosen to describe these contextual
data (Morin et al., 2014).

We further performed MSEM on the basis of the previously ex-
amined factor structures. In these models, the relation between inquiry-
based science teaching and achievement was described as linear or
curvilinear. More specifically, we first specified a model assuming a
linear relation among these constructs and evaluated its goodness-of-fit.
In a second step, we added a quadratic component to examine whether
a curvilinear relation described that data better. To compare the linear
and curvilinear model, we performed the Satorra-Bentler corrected
Likelihood-ratio test (Satorra & Bentler, 2010) and evaluated differ-
ences in information criteria (i.e., Akaike's Information Criterion [AIC],
Bayesian Information Criterion [BIC], and sample-size adjusted BIC
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[aBIC]) for each plausible-value dataset (Enders & Mansolf, 2016). We
applied the latent moderated structural (LMS) equations approach to
create the squared variable of inquiry-based science teaching and to
analyse the latent interaction terms using the XWITH command in the
software Mplus (Muthén & Muthén, 1998–2015). We chose the LMS
approach in our analyses to overcome the non-normality of the product
term (Klein & Moosbrugger, 2000).

One of the complexities of the TIMSS 2015 data lies in the use of
plausible values to represent science achievement (Martin, Mullis, Foy,
et al., 2016). To account for this complexity, all analyses including science
achievement were performed five times (i.e., once for each of the plausible-
values datasets), and the resultant model parameters were pooled following
Rubin's combination rules (Rubin, 1987). In this procedure, missing values
that have occurred on the item level (less than 0.3% in the current data set)
were handled by the expectation-maximization (EM) algorithm for each of
the five plausible-value datasets. Robust maximum likelihood estimation
(MLR) was used to address the non-normality and non-independence of the
data. Item responses were treated continuously under the MLR estimator
due to its robustness in the presence of categorical data with at least four
response categories (Marsh et al., 2013; Rhemtulla, Brosseau-Liard, &
Savalei, 2012).

4. Results

4.1. Multilevel confirmatory factor analysis

We began by performing two MCFAs to investigate the fit indices for
the measurement model of inquiry-based science teaching and student
SES. For the inquiry-based science teaching construct, a single-factor
model without any residual correlations indicated a poor fit, SB-
χ2(5)= 24.1, p < 0.01, RMSEA=0.031, CFI= 0.903, TLI= 0.806,
SRMRwithin= 0.000, SRMRbetween= 0.061, AIC=1277, BIC= 1372,
aBIC= 1324. In the next step, we added a residual correlation between
the data interpretation and communication items for both methodolo-
gical and conceptual reasons: the activities of interpreting data and
discussing the results of an investigation are intertwined, and

modification indices suggested an improvement in model fit. The re-
fined model in Fig. 2a showed an acceptable fit, SB-χ2(4)= 4.1,
p > 0.05, RMSEA=0.002, CFI= 1.000, TLI= 0.999,
SRMRwithin= 0.000, SRMRbetween= 0.025, AIC= 1248, BIC= 1349,
aBIC=1298. Standardized factor loadings were between 0.569 and
0.835, with a mean of 0.68 and a median of 0.66. Scale reliability was
acceptable, ω=0.75.

For classroom-level SES, we followed the strategies outlined by Ryu
and West (2009) for evaluating model fit separately at the individual and
classroom level by specifying a one-factor model of SES at one level and a
saturated model at the other level. We constrained the residual variance of
the item “mothers’ highest education level” at the classroom level to zero
due to its insignificance. The model fit was satisfactory, both for the model
with the SES factor structure at the student level and a saturated class-
room-level as well as the corresponding model with a classroom-level
factor structure of SES and a saturated-student level. These analyses did
not indicate severe misfit, neither at the student nor the classroom level.
We thus combined the two models by specifying the SES factor structure at
both levels in a final step. The resultant, combined model in Fig. 2b fitted
the data well, SB-χ2(1)=0.043, p > 0.05, RMSEA=0.000,
CFI=1.000, TLI=1.000, SRMRwithin=0.000, SRMRbetween=0.002,
AIC=32259, BIC=32348, aBIC=32304. The scale reliability at the
classroom level was good, ω=0.95. Overall, the MCFA resulted in ac-
ceptable measurement models of inquiry-based science teaching and stu-
dent SES.

4.2. Multilevel structural equation model

On the basis of the MCFA results, we evaluated a sequence of linear
and curvilinear models to investigate the relation of inquiry to science
achievement and the effect of classroom SES (see Fig. 3).

First, inquiry-based science teaching was not associated linearly
with achievement (see Table 1; linear model 1.1). We then evaluated a
curvilinear relationship by adding a quadratic term of inquiry and
found a significant association with achievement (curvilinear model
2.1). The quadratic term of inquiry reflects the curvilinear relationship

INQB

1

Classroom level (B)

Student level (W)

Observed variables

.65 .84 .67 .66 .57
.57 .31 .55 .57 .68

.54

SESB

SESW

1 1

1 1 1

Book

1

.40
.81

.69

.85 .92
1

.84 .35 .53

.28 0 .53

1

MEd FEdExpl Expr Data Com Con

11 1 1 1 1

(a) (b)

Fig. 2. Multilevel confirmatory factor analysis describing one-factor model of (a) inquiry-based science teaching and (b) SES at the classroom and student level.
Note. INQ=Inquiry-based science teaching, Expl=Exploration; design or plan experiments or investigations, Expr= Experiment; conduct experiments or investigations, Data=Data
Interpretation; interpret data from experiments or investigations; Com=Communication; present data from experiments or investigations, Con=Conclusion; use evidence from ex-
periments or investigations to support conclusions.
Book= number of books at home, MEd=mothers' highest education background, FEd= fathers' highest education background.
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between the predictor and outcome, and the negative coefficient of the
quadratic estimate indicates that the initially positive association be-
tween inquiry and achievement diminishes and becomes negative as the
value of inquiry increases. Thus, this relationship takes the shape of an
inverted U-curve rather than a straight line.

Second, using the Satorra-Bentler scaled likelihood ratio test, we
compared the fit of the models assuming a linear and curvilinear re-
lationship of inquiry-based science teaching and student achievement
(see Table 2; linear model 1.1 and curvilinear model 2.1). The test
statistics were significant for every plausible value of achievement,
indicating that the curvilinear model fitted the data better than the

linear model (Satorra & Bentler, 2010).
Third, classroom SES had a strong and positive relationship with

achievement in both models, which explained most of the variation in
the outcome variable (see Table 1; linear model 1.2; curvilinear model
2.2). As a result of this strong relationship, the associations between
inquiry-based science teaching and achievement decreased and became
insignificant after controlling for SES at the student and the classroom
level. Nevertheless, the results also showed that the associations be-
tween inquiry-based science teaching and achievement were not mod-
erated by student SES, neither for linear nor for curvilinear models
(linear model 1.3; curvilinear model 2.3).
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Fig. 3. Multilevel structural equation model representing the linear and curvilinear relations among inquiry-based teaching and science achievement. Model 1.1 Linear relationships
between inquiry-based teaching and science achievement. Model 1.2 Linear relationships between inquiry-based teaching and science achievement, controlling for SES. Model 1.3 Linear
relationships between inquiry-based teaching and science achievement with the interaction effects of inquiry and SES. Model 2.1. Curvilinear relationships between inquiry-based
teaching and science achievement. Model 2.2 Curvilinear relationships between inquiry-based teaching and science achievement, controlling for SES. Model 2.3 Linear relationships
between inquiry-based teaching and science achievement with the interaction effects of inquiry and SES in addition to the interaction effects of inquiry-squared and SES. Note.
ACH=Science achievement, INQ=Inquiry-based teaching, SES=Socioeconomic status. The item indicators of the quadratic term are not explicitly shown in the panel to sustain the
clarity of presentation.
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The test statistics of model comparison for each plausible value of
achievement showed a significant difference between the linear and
curvilinear models, with inquiry and the classroom SES as the main
effects (Table 2; linear model 1.2 and curvilinear model 2.2). In con-
trast, no significant difference was found on the models with the in-
teraction effect of the classroom SES on the relations between inquiry
and achievement in science (Table 2; linear model 1.3 and curvilinear
model 2.3).

Overall, MSEM indicated that (a) a curvilinear relation between
inquiry-based teaching and student science achievement existed and (b)

this relation was not moderated by classroom SES.

5. Discussion

The current study explored the link between inquiry-based teaching
and student achievement in science. Our investigation extended pre-
vious research in two ways. First, it addressed the existence of a cur-
vilinear relationship between the two constructs using relevant analysis
of Norwegian TIMSS 2015 data at the classroom level; and second, it
examined the effects of the student SES in a classroom from a

Table 1
Latent linear and curvilinear regression of inquiry-based science teaching on science achievement.

Estimate Linear model Curvilinear model

Model 1.1 Model 1.2 Model 1.3 Model 2.1 Model 2.2 Model 2.3

B (SE) B (SE) B (SE) B (SE) B (SE) B (SE)

Regression coefficienta

Inquiry .072 (.096) .072 (.071) .066 (.069) .122 (.082) .098 (.067) .097 (.067)
SES – .700 (.068)∗∗ .640 (.060)∗∗ – .635 (.061)∗∗ .643 (.078)∗∗

Inquiry x Inquiry – – – -.264 (.130)∗ -.174 (.116) -.179 (.131)
Inquiry x SES – – .055 (.162) – – .022 (.182)
Inquiry2 x SES – – – – – -.063 (.382)
R2 .011 .678 .650 .031 .661 .667

Model fitb

SB-χ2 (df) 9.29 (8) 241.38 (27) – – – –
RMSEA 0.006 0.042 – – – –
CFI 0.994 0.875 – – – –
TLI 0.989 0.806 – – – –
SRMRwithin 0.000 0.066 – – – –
SRMRbetween 0.036 0.051 – – – –
Npar 20 37 36 21 36 38
Log-likelihood (LL) −5831.2 −21685.7 −21700.7 −5829.4 −21699.6 −21699.5
AIC 11702 43445 43473 11701 43471 43475
BIC 11831 43683 43705 11836 43703 43719
aBIC 11767 43566 43591 11769 43588 43599

Note. B=unstandardized regression coefficient; SB-χ2= Satorra-Bentler corrected χ2 value (Satorra & Bentler, 2010), RMSEA=Root Mean Square Error of Approximation; CFI=-
Comparative Fit Index; TLI= Tucker-Lewis Index; SRMR=Root Mean Square Residual; Npar= number of free parameter; AIC=Akaike Information Criterion; BIC=Bayesian In-
formation Criterion; aBIC= sample-size adjusted BIC.
∗p < .05 ∗∗p < .01.

a Science achievement scores are pooled from the five plausible values of achievement.
b Model fit indices using the LMS approach for the SB-χ2, RMSEA, CFI, TLI, and SRMR are not yet provided by Mplus.

Table 2
The results of the Satorra-Bentler scaled likelihood ratio test for comparison between linear and curvilinear model for each plausible value of science achievement.

Model Model comparisons

Linear Curvilinear Plausible Value (PV)

1.1 1.2 1.3 2.1 2.2 2.3 PV1 PV2 PV3 PV4 PV5

LL SCF LL SCF LL SCF LL SCF LL SCF LL SCF D(Δdf) D(Δdf) D(Δdf) D(Δdf) D(Δdf)

−5880 2.06 −5878 1.99 3.8 (1)∗

−5854 2.06 −5852 2.01 3.3 (1)∗

−5787 2.06 −5785 1.98 3.5 (1)**
−5869 2.04 −5867 1.97 3.0 (1)*
−5767 2.06 −5765 1.99 4.0 (1)*

−21736 1.82 −21750 1.89 −26.5 (1) ∗∗

−21701 1.82 −21715 1.89 −27.1 (1) ∗∗

−21657 1.82 −21672 1.89 −29.0 (1) ∗∗

−21721 1.83 −21735 1.90 −29.2 (1) ∗∗

−21613 1.83 −21626 1.88 −26.5 (1) ∗∗

−21751 1.89 −21750 1.85 2.8 (2)
−21715 1.88 −21714 1.83 1.5 (2)
−21673 1.88 −21672 1.85 2.3 (2)
−21736 1.89 −21735 1.84 2.1 (2)
−21628 1.88 −21626 1.83 2.8 (2)

Note. LL= Log-likelihood value; SCF= scaling correction factor for multilevel modelling; D = Difference in deviances (Δ[-2*LL]), the test statistics for the log-likelihood ratio test.
∗p < .05 ∗∗p < .01.
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differential effectiveness perspective.

5.1. The curvilinear relationship between inquiry-based teaching and
student achievement in science

The implementation of inquiry-based teaching was related to sci-
ence achievement. However, a linear relationship may not accurately
reflect the nature of the association, as our findings indicated a curvi-
linear pattern (Model 2.1). The linear coefficient of inquiry was positive
and non-significant, but the curvilinear coefficient was negative and
significant, which indicates the presence of a curvilinear association
between inquiry approach and student achievement. The increasing use
of inquiry-based teaching was correlated with higher achievement in
science until it reached an optimum value, then this association de-
creased as the use of the strategy increased. Furthermore, when there
was a very high frequency of inquiry activities, the relationship be-
tween inquiry and achievement became negative. This nonlinear pat-
tern indicates that excessive use of inquiry strategy in science class-
rooms may have diminishing returns for increasing student
achievement because the frequency of student investigations per se
does not lead to better performance. However, how the investigations
are performed and discussed are of key significance for a more elabo-
rate understanding of science concepts and principles (Duit & Tesch,
2010). As such, enacting inquiry activities in science classrooms is
beneficial for student learning as it places a strong emphasis on the
learners’ development of scientific thinking (Dewey, 1910). As re-
commended by Lederman, Lederman, & Antink, “students will best
learn scientific concepts by doing science” (2013, pp. 142–143).

Nevertheless, an overemphasis of inquiry-based instruction might
disregard other necessary teaching strategies. For example, direct in-
struction was a more effective strategy in teaching students about ex-
perimental design than was discovery learning in a study Chen and
Klahr (1999) conducted. Kirschner, Sweller, and Clark (2006) sup-
ported this observation and further argued that minimal guidance in
discovery, problem-based, experiential, and inquiry-based teaching is
probably the least effective teaching strategy compared to guided in-
struction. Using cognitive load theory, they illustrated how inquiry-
based teaching contradicts the structure of human cognition by placing
a heavy cognitive load on learner working memory and makes the
learning process less effective. Furthermore, Stull and Mayer (2007)
examined students' understanding of scientific texts by comparing the
process of learning by doing and learning by viewing with graphic or-
ganizers. This study showed that students gained better understanding
when they were provided with ready-made graphic organizers rather
than constructing their own. They concluded that active learning that
increases students' physical activity can create unnecessary cognitive
load, which hinders student learning. Overall, these studies demon-
strate that high emphasis on the frequent activities that involve student
active learning, such as scientific investigations, may not always lead to
deeper learning and underline our finding that “too much doesn't
work”. Excessive inquiry-based teaching would not be productive for
student learning. Thus, complementing inquiry activities with direct
instruction can help students develop a level of surface knowledge that
is sufficient for effective deep learning processes (Hattie & Donoghue,
2016; Kirschner et al., 2006; Schneider & Preckel, 2017).

Another explanation for the limited effects from high frequencies of
inquiry activities is related to the amount of resources needed to im-
plement this instruction. Successful inquiry learning requires con-
siderable time and efforts, both for teachers to plan an elaborate, well-
thought lesson and for students to pursue a variety of inquiry activities
(Guskey, 2000). Due to the resource-consuming nature of inquiry,
teachers may encounter significant challenges as they try to prepare
and manage the activities effectively, which can affect the quality of
their instruction. Even when students are generally capable of con-
ducting inquiry, Krajcik et al. (1998) have noted that they still face
difficulties in recognizing the scientific value of the questions they

explore, collecting and analysing evidence systematically, and justi-
fying their conclusions with appropriate data. Krajcik et al. further
suggested that it would not be reasonable to expect students' inquiry
skills to develop in a uniform manner, which highlights the role of in-
structional scaffolding in a successful inquiry practice. Although it de-
pends on the complexity of the investigation addressed during the
varying phases of inquiry, the extreme use of inquiry practice might
negatively influence student achievement. Note that our findings
should not be interpreted as encouraging a reduction in the use of in-
quiry-based science teaching. Inquiry instruction certainly plays a role
in the development of students’ scientific knowledge, which leads to
increased achievement. As such, a high quality, rather than quantity, of
inquiry activities is likely to be more beneficial to promote student
learning (Marshall, Smart, & Horton, 2010).

While there have been a number of studies on the relations between
inquiry-based teaching and achievement in science (e.g., Cairns &
Areepattamannil, 2017), few recent studies have examined this asso-
ciation at the classroom level. For example, Gao (2014) conducted
classroom level analyses and revealed that low, medium, and high
achieving students were associated differently with inquiry-based
teaching practice. In a similar study, Kaya and Rice (2010) found that
inquiry was positively related to achievement in Singapore, but not in
the USA and Australia. Even though these studies have applied the
appropriate level of analysis, they did not take into account the fre-
quency dimension of inquiry and only investigated the linear relation-
ships between both constructs.

Due to the disparate and multiple interpretations of inquiry across
studies that have resulted in confusion among teachers and scholars
(Barrow, 2006), it is necessary to provide a clear definition of inquiry-
based science teaching. In doing so, our study places a strong emphasis
on a specific operationalization of inquiry grounded in the Pedaste et al.
(2015) inquiry-based learning framework to help clarify what we mean
by inquiry-based science teaching. While the previous studies imply
inquiry-based science instructions involving separate inquiry activities,
in the present study, these activities were viewed as interconnected
phases within an integrative inquiry process (see Fig. 1) and supported
by the measurement model of inquiry that fits the data well (see
Fig. 2a). Accordingly, the integrated process becomes a distinctive and
important feature of inquiry-based science teaching in this study.

By comparing the various conceptualizations of inquiry found across
studies, Rönnebeck, Bernholt, and Ropohl (2016) distinguish two features
of inquiry: the type and range of activities and the amount of teacher
guidance. To address both features, Jiang and McComas (2015) analysed
PISA 2006 data by using the inquiry framework from Schwab (1962) and
Herron (1971) to classify students’ inquiry activities into five levels based
on the varying degree of guidance provided to them in designing in-
vestigations, conducting experiments, drawing conclusions, and asking
questions. They found that Level 2 inquiry teaching, in which students fully
engaged in conducting experiments and drawing conclusion, demonstrated
the highest achievement. They also concluded that not all levels of inquiry
are suitable and effective for all science instructions. Although we did not
categorize inquiry activities based on the level of teacher guidance due to
the difficulty in differentiating who is responsible for each activity in our
data, this study indicates that frequency of activities is an important factor
in examining the type and range of inquiry.

5.2. The effect of classroom SES

In line with previous studies (e.g., Kaya & Rice, 2010), it is evident that
classroom SES predicts science achievement. Students in classes with a
higher SES tend to have better achievement scores compare to those in a
lower classroom SES. Moreover, even though Norway is known to have
high levels of equity and small differences between schools (Martin, Mullis,
Foy, et al., 2016; OECD, 2016), the relation between classroom SES and
achievement (B=0.700) seemed to be more comparable to that found
internationally (e.g., Sirin, 2005). The strong relation between classroom
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SES and achievement also leads to a reduced and insignificant effect of
inquiry-based science teaching on achievement, as shown in Model 2.2.
One explanation for this could be that SES alone explained 66.6% of the
variation in achievement at the classroom level while inquiry only ex-
plained 3.1% (Model 2.1). Hence, the effect of SES on the outcome variable
is so large that adding SES into any model would diminish the inquiry-
achievement relation. It should be noted, however, that this should not
merely be interpreted to mean that inquiry does not correlate with
achievement after controlling for SES. According to the TIMSS 2015 In-
ternational Results in Science, the index of teacher emphasis on inquiry
investigation on about half the lessons or more was 5% in Norwegian
eighth grade classrooms (Martin, Mullis, Foy, et al., 2016). As such, var-
iation of the frequency of inquiry activities is very small, which can lead to
a low statistical power. Furthermore, although the individual sample size is
quite large (N=4382 students), these students are nested in 211 class-
rooms. In a multilevel analysis, a large number of classrooms are more
important than the student-level sample size (Maas & Hox, 2005). The
sample size of 211 classrooms may have not been large enough and could
therefore also contribute to the lack of power in addition to the low fre-
quency of inquiry investigation in Norway.

Despite these findings, there was no evidence that students from high-
and low-SES classrooms benefit differently from inquiry-based science
teaching. Inquiry practice seems to be beneficial for students' achievements
regardless the levels of their classrooms SES. Contrary to Secker's findings
(2002) that inquiry-based teacher practices contribute to larger achieve-
ment gaps between high and low advantaged students, the results of this
study indicate that the inquiry-achievement relation was not influenced by
varying levels of students' economic backgrounds in a classroom. This in-
structional approach “appears to make science interesting and accessible to
a wider range of students than is possible with traditional approaches”
(White & Frederiksen, 1998, p. 91). Our study therefore contributes to the
growing body of evidence supporting the advocacy of enacting inquiry-
based science teaching, including across classrooms with diverse economic
backgrounds (e.g., Blanchard et al., 2010).

5.3. Limitations and future directions

Since the results of this study were based on the secondary analysis of
TIMSS data, there are some important limitations for research on teaching
effectiveness. First, the TIMSS measure of inquiry-based science teaching
was based on teacher ratings. Adding students' perspectives or researchers'
classroom observations to these ratings may substantiate our findings even
further. Second, given the cross-sectional nature of the TIMSS data, in-
ferences about the causality of the inquiry-achievement relation cannot be
drawn. However, the results obtained from this study should stimulate
experimental investigations of the curvilinear relationship. Third, most of
the items that were used to measure inquiry did not specify the extent of
guidance teachers provided in varying inquiry activities. Providing a clear
description of who is responsible for each activity could contribute to
making the conceptualization of inquiry-based science teaching in TIMSS
questionnaire more comprehensive. Fourth, our study focused on the
analysis of teachers’ perceptions of the frequency rather than the quality of
inquiry activities. Additionally, we measured teacher beliefs about the
frequency of inquiry activities instead of actual frequency. Taking a more
qualitative perspective on these activities, such as through video observa-
tions, could provide deeper insights into the optimal quantity and quality of
inquiry activities. Although this kind of research is generally costly and
difficult to standardize across classrooms, it captures important character-
istics of the inquiry approach as it is enacted in actual classrooms.

5.4. Conclusion

This research investigates the relationship between inquiry-based
teaching and student achievement in science as well as the effect of the
classroom SES in curvilinear models. Our findings imply that inquiry-
based science teaching is positively related to students’ science

performance. We extend earlier research by examining the fading ef-
fects of this teaching strategy on achievement, especially with high-
frequency inquiry activities. Our results provide insight into the mul-
tifaceted nature of the association between inquiry and achievement by
demonstrating the existence of a curvilinear pattern. This challenge the
assumption of linearity—that “more is always better (or worse)”—and
contributes to explaining the conflicting evidence found in previous
empirical research. Our study also confirms that varying levels of
classroom SES are associated with student achievement; yet our results
show it does not influence the strength of the association between in-
quiry activities and achievement in science. Thus, these results further
promote the effectiveness of inquiry-based science teaching to foster
learning in all students, regardless of their socioeconomic backgrounds.

In conclusion, our findings are particularly useful for stimulating
future dialog among researchers, policymakers, and practitioners on the
role of inquiry-based teaching in science education. This study shall
also create an awareness of the methodological challenges in describing
instructional effectiveness using ILSA data.
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