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Structured Abstract

Background: Experimentation in geography teaching is considered to have great didactic potential, especially in the
light of scientific literacy, but this potential is countered by the fact that the method is rarely used in the classroom.
Geography teachers, with their subjective beiefs as part of their professional competence, represent a decisive factor
for the use, design, and quality of experimentation in the classroom. Up to now, however, there is a lack of knowledge
about the characteristics of (prospective) teachers’ beliefs about experimentation in geography education as well as of
corresponding measurement instruments.

Purpose: Therefore, the aim of the present study is the confirmatory validation of a newly developed measurement
instrument in the form of a questionnaire on prospective teachers’ beliefs about experimentation in geography class-
rooms.

Design and Methods: A measurement instrument on prospective teachers’ beliefs about experimentation in geography
classrooms was previously developed based on re-analyses of qualitative interview studies and on literature research
and the dimensionality of the construct was examined using exploratory factor analysis. Within the scope of the present
study, the factor structure obtained was then specified by means of confirmatory factor analysis with an independent
sample of prospective geography teachers. We further examined the reliability and validity of the five belief scales about
potentials, learning preconditions and the implementation of experimentation in geography teaching by employing
measurement invariance evaluation and correlation analysis.

Sample: The confirmatory factor analysis was conducted with a sample of N = 344 student teachers of all semesters
(1-13) and all German school types training to become geography teachers. The study was conducted as an online
survey between June and November 2021.

Results: Our analyses support the construct validity (2 =428.255, p =.001, d4f=339; CFI:.962; TLI: .958;
RMSEA =.028, 90% C.I. [.019, .035]; SRMR = .051; y2/df = 1.26) and reliability (.64 < o < .88; 65 < . < .87) of the
modified instrument. The results indicate strong measurement invariance across gender, school type (primary vs. sec-
ondary school), practical experience, and further studied STEM subject, suggesting that the instrument can be used
for the designated subgroups and is suitable for mean value comparisons. Furthermore, the analysis provides first
evidence for convergent and discriminant validity for the five scales.

Conclusions: With the questionnaire, for the first time an exploratively and confirmatory validated measurement
instrument is available to survey the belefs of prospective teachers about experimentation in geography teaching.
Planned further steps in our research project as well as possible applications in practice are discussed.
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1 Introduction

As a method of scientific knowledge, experiments offer a wide range of didactic potential: they can contribute to the
development of methodological skills as well as of flexibly applicable knowledge, arouse curiosity and interest in the
natural sciences, and can trigger important cognitive processes in students. In addition, their use offers the possibility
to realise inquiry-based and problem-oriented learning in the classroom (Kremer et al., 2019; Lethmate, 2006; Otto,
2009; Schubert, 2016; Wilhelmi, 2012), so they are particularly suitable for geography teaching for the implementation
of scientific literacy (Labudde & Méller, 2012; Lethmate, 2006; Otto & Ménter, 2015). At the same time, the imple-
mentation of experiments in geography lessons puts high requirements on teachers, both in terms of preparation and
in terms of conducting and designing these lessons (Fogele et al., 2020; Otto & Ménter, 2015). In reality, geography
teachers rarely apply experiments (Hemmer & Hemmer, 2010), which is in clear contradiction to students’ decades-
long high interest in experimenting (Hemmer & Hemmer, 2002, 2010, 2021) as well as its great didactic potential. This
observed discrepancy highlights the need to investigate factors among teachers that are relevant to the implementation
of experiments in geography classrooms.

While first evidence suggests that the didactic-methodological qualification of a teacher as well as, on the external level,
organisational-formal framework conditions might act as barriers (Schubert & Hoéhnle, 2016), little is known about
other (internal) factors influencing the professional action of geography teachers when conducting experiments in the
classroom. In the meantime, the subjective beliefs of teachers are, among others, considered to be a particularly im-
portant predictor of the design of lessons as well as the teachers’ actions during these lessons (Fives & Buehl, 2012;
Nespor, 1987; Pajares, 1992; Reusser & Pauli, 2014) — and thus possibly also of the use of experiments in geography
teaching. Nevertheless, little is known about geography teachers’ beliefs in general and even less about their beliefs on
experimentation in geography lessons, and there is as yet no instrument to measure these. However, in order to exam-
ine the connection between teachers’beliefs and their actual teaching activities when applying experiments in geography
lessons, as well as the interaction with other influencing factors, it is a first and at the same time necessary step to make
their beliefs ascertainable on the basis of a valid measurement instrument. Therefore, the focus of the present study is
the confirmatory validation of a newly developed measurement instrument to capture the beliefs of prospective teachers
about experimentation in geography teaching in form of a questionnaire.

2  Research Background

Teachers’ professional competencies are considered important predictors of their classroom actions and thus of the
quality of their teaching (Baumert & Kunter, 2006; Steinmann & Oser, 2012). Among additional components of this
professional competence, such as their pedagogical content knowledge, teachers’ subjective beliefs play a significant role
in shaping classroom practice through filtering, framing, and guiding (Fives & Buehl, 2012). They influence a teacher’s
perception and interpretation of teaching situations, the selection of teaching goals, and thus also the planning and
designing of lessons as well as instructional decisions (Fives & Buehl, 2012; Kunter et al., 2013; Nespor, 1987; Pajares,
1992; Reusser & Pauli, 2014).

For a definition of teacher be/iefs, Richardson is widely referenced, who describes beiefs as “psychologically held under-
standings, premises or propositions about the world that are felt to be true” (1996, p. 103). Consequently, unlike
knowledge, for their effectiveness in action, beliefs require neither discursive validation nor freedom from contradiction
nor argumentation justification (Baumert & Kunter, 20006). In addition, be/iefs are described as implicit or explicit object-
related conceptions with both affective and cognitive components, which partly consciously and partly unconsciously
guide one’s actions (KKuhl et al., 2013).

Teacher beliefs about learning content and instructional practice relate to different contexts and contents (Fives &
Buehl, 2012; Mansour, 2009), such as which teaching methods are effective, the way children learn, or what role student
activity plays (Oser & Blémeke, 2012). Consequently, they vary according to the level of specificity studied (Gimbel et
al., 2018). Compared to epistemological beliefs, for example, beliefs about learning content and instructional practice are
considered to guide instruction more directly (Leuchter et al., 2006). Depending on the requirements of a certain
situation, certain belefs are activated in a strongly contextualised way, so that teacher befiefs are of high importance,
especially for concrete didactic and methodological decisions. This illustrates the necessity to operationalise teacher
beliefs subject-specific on the one hand and as requirement-specific as possible on the other (Blémeke et al., 2008; Fives
& Buehl, 2012; Petermann & Vorholzer, 2022).

For science teachers, too, several studies suggest that their be/efs about inquiry-based learning and teaching and about
laboratory application in the science classroom are important predictors of the actual implementation of these (Cheung,
2011; Crawford, 2007; Lucero et al., 2013; Mansour, 2009; Ramnarain, 2014; Wallace & Kang, 2004; Wilkins, 2008).
Prospective and in-service science teachers seem to predominantly hold positive beliefs towards the application of la-
boratory (e.g., Aka, 2016; Cheung, 2011; Siorenta & Jimoyiannis, 2008; Wallace & Kang, 2004) as well as inquiry-based
learning and teaching (e.g., Bevins et al., 2019; DiBiase & McDonald, 2015; Gavora & Wiegerova, 2019; Ramnarain &
Hlatswayo, 2018; Wilkins, 2008) and seem to mainly believe in the value of these approaches for science education.
However, also for beliefs regarding these domains, the evidence on the practical effectiveness of teacher beliefs is partly
inconsistent, and some studies fail to demonstrate a clear relationship (Mellado et al., 2007; Saad & BouJaoude, 2012).
Fives and Buehl (2012) suggest that this inconsistent picture may partly be attributed to the level of specificity with
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which the beliefs are examined. Furthermore, the impact of teacher beliefs on instructional practice is influenced by
numerous factors, which may oppose or support the congruence between teachers’ beliefs and their actual classroom
actions (Buehl & Beck, 2015; Fives & Buehl, 2012; Mansour, 2009). With respect to science teachers’ beligfs about
experimentation-related fields such as inquiry and laboratory application, studies report about, on the one hand, inter-
nal factors such as conflicting and competing beliefs of one’s own belief system, professional knowledge, or self-efficacy
beliefs. On the other hand, external factors such as contextual settings of teaching, like inadequate equipment, time
constraints, and the curriculum are referred to (Crawford, 2007; DiBiase & McDonald, 2015; Fang, 2021; Mansour,
2009; Ramnarain, 2016; Siorenta & Jimoyiannis, 2008; Wallace & Kang, 2004). Even though experimentation is closely
related to the requirements of inquiry-based learning and laboratory application, it is unclear to what extent the findings
listed are transferable to experimentation in geography classes. However, for the application of scientific methods in
geography classrooms, too, it has been shown that prospective teachers perceive organisational-formal framework
conditions and the teacher’s didactic-methodological qualification as obstacles to the use of experiments in geography
class (Schubert & Hoéhnle, 2016). In addition, in-service geography teachers name the lack of interest and insufficient
preknowledge of students as further obstacles to experimentation. Nevertheless, they perceive experimentation as an
opportunity to motivate students, facilitate their understanding of subject content, and promote competencies related
to gaining scientific knowledge (Miener & Kéhler, 2013).

Other findings, especially on competency aspects regarding the specific case of experimentation in the geography
classroom, are largely missing for (prospective) geography teachers (Rosendahl et al., 2020), including their be/efs. The
nature of these belefs, how and to what extent they affect the use of experiments in geography classrooms, and the
influence of, for example, perceived barriers or self-efficacy belefs have hardly been researched so far. Overall, there is
still little research on the beliefs of geography teachers, especially with regard to specific teaching approaches and meth-
ods in geography lessons. However, it is precisely such a subject- and requirement-specific approach that s of particular
interest (Fives & Buehl, 2012; Petermann & Vorholzer, 2022). While there exist measurement instruments for be/iefs in
the aforementioned areas of science education (inquiry-based learning and teaching: e.g., Gavora & Wiegerova, 2019;
Marshall et al., 2009; laboratory application: e.g., Aka, 2016; Cheung, 2011), there is a lack of measurement instruments
for beliefs specifically about experimentation and specifically for (prospective) geography teachers. Furthermore, exten-
sive previous research often focuses on qualitative methods and smaller samples. The development of such a tool is
therefore a first step towards understanding the described research gaps, with its careful design and validation being
of high importance to justify its use for further research and practice.

From the above, the following objective arises: A previously newly developed quantitative instrument for the survey
of the beliefs of prospective geography teachers on experimentation in the classroom is to be validated, on the basis of
which vatious aspects of these beliefs can be measured. Specifically, these beliefs are to be made empirically ascertainable
by means of a time-economically manageable measurement instrument in the form of a standardised questionnaire.
This leads to the central research question of the present article: Can the be/iefs of prospective teachers about various
aspects of experimentation in geography classrooms be validly and reliably assessed by means of the developed ques-
tionnaire?

Hypothesis 1: We expect substantial loadings of scale items on the respective latent factors and satisfactory relia-
bility of the scales.

With the goal of administering the measurement instrument in a heterogeneous population of prospective geography
teachers and drawing comparisons across the different groups, generalisability of the construct across these groups
(i.e. measurement invariance) is also to be tested.

Hypothesis 2: We expect invariance of item intercepts regarding gender, school form (primary vs. secondary
school), existing practical experience during the studies, and further studied STEM subject.

Furthermore, in the course of construct validation, first evidence of convergent and discriminant validity is to be
examined.

Hypothesis 3: We expect modest correlations between factors describing theoretically overlapping constructs and
statistically nonsignificant or small correlations between factors relating to theoretically distinct constructs.

3 Methods

3.1 Scale Development

The development of the belief scales involved several steps, of which the present study focuses on the confirmatory
validation. The previous steps are briefly outlined below; a detailed description of the scale development can be found
in Velling et al. (2022).

We started with an open approach to develop the measurement instrument by first re-analysing two qualitative inter-
view studies with geography teachers on potentials and bartiers to experimentation in geography classrooms by Miener
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and Kohler (2013) and Bussfeld (2013). Using the categories developed in the summarising content analyses of these
studies in combination with literature research, several possible content areas of belzefs, including goals and prerequisites
for experimentation in the geography classroom, were identified. Based on these categories, a comprehensive item
pool was generated. A first pre-test on a smaller sample of teacher education students with geography as a school
subject (IN = 46) was used as the basis for revising this first draft of the measurement instrument, and new items were
added after a further literature review. Additionally, a team of geography didactics experts and geography teachers
reviewed the developed item pool for clarity and comprehensibility as well as content breadth to ensure good content
validity, resulting in a modified second draft with 50 items.

To examine the underlying factor structure of the beliefs about experimentation in the geography classroom, an explot-
atory factor analysis (EFA) was then conducted using an independent sample of teacher education students with ge-
ography as a school subject (IN = 198). The factor analysis identified five factors with 30 items describing different
content-related aspects of beliefs about experimentation in the geography classroom related to potentials, learning pre-
conditions and the implementation of experiments. The first factor, Potentials for Students, describes the potential of
experimentation to promote various competencies in students at the motivational, cognitive, and motoric level. In
contrast, another factor, Potentials for Structuring Lessons, depicts the potential of experimentation for structuring lessons
and shaping the lesson process through experimentation. Two other factors represent the learning preconditions of
students regarding experimentation, firstly the Cognitive and Motoric Learning Preconditions and secondly the Motivational
Learning Preconditions. The last factor highlights the importance of openness regarding the process and the results of
experimentation.

For the validation study presented here, a total of five originally inversely formulated items were reformulated, since
method effects in the form of cross-loadings were indicated for individual items by the inverse formulation. The re-
sponse format used was a 5-point Likert scale with the anchors 1 = “do not agree at all” and 5 = “completely agree”,
and the items were arranged in random order to avoid unwanted sequence effects.

In addition to the 30 items, the questionnaire contained general information on socio-demographic data (age, gender,
semester, studied school type, practical teaching experience, subjects studied). In order to get a common understanding
of experimentation as opposed to other scientific working methods in geography classrooms, a brief information block
with corresponding definitions according to Lethmate (2006) was added in German. This included additional advice
to focus on experimentation in geography classrooms rather than in science classrooms in general (“Please remember
the definition of experiments given below and refer only to experimentation in geography classrooms when answering
the statements”).

3.2 Sample

We included teacher education students with geography as a school subject from different Bavarian universities. They
were invited to voluntarily participate in the online survey with the software SoSciSurvey via a questionnaire. After
removing 31 cases from the data set due to = 50% missing values, a sample of N = 344 remained. Three-quarters of
the students identified as female (# = 258), 24.4% identified as male (7 = 84), and 0.6% identified as diverse (» = 2).
The mean age of the students was 22 (§D = 3.5). Students between their first and 13th semesters (M = 4.56, SD = 3.02)
and of all Bavarian school types participated in the survey. A total of 37% of the respondents studied elementary school
teaching (# = 128), while 63% of the students studied secondary school teaching (36% “Gymnasiallehramt” (» = 123),
14% “Mittelschullehramt” (z = 47), and 13% (#» = 46) “Realschullehramt”). Slightly more than half of the students
(n = 196) had no practical teaching experience, and 45% of the students studied another STEM subject (» = 155).

3.3 Procedures

Data gaps were found for only one additional subject. These occurred randomly according to Little’s MCAR test
(7 = 25.860; df = 27; p > 0.05), so missing at random can be assumed. The three missing values were therefore imputed
using an expectation-maximisation algorithm. This procedure tolerates the violation of the normal distribution as-
sumption and is also well suited for factor and reliability analyses (Graham, 2009; Ludtke et al., 2007).

Having previously explored and refined the latent structure of the measurement instrument by EFA, following the
recommendations for scale development by Brown (2015), we now conducted confirmatory factor analysis (CFA) with
an independent larger sample. To evaluate the model fit, we applied Satorra—Bentler y3-tests as an absolute fit index,
and inspected the comparative fit index (CFI), Tucker—Lewis index (TLI), root mean square error of approximation
(RMSEA), and standardised root mean square residual (SRMR) (Brown, 2015). For the fit indices, the cut-off values
suggested by Hu and Bentler (1999; see also Brown, 2015) wete used: CFI/TLI = .95, RMSEA < .06, and
SRMR = .08. For factor identification, the first indicator of each factor was fixed to 1, and all other loadings of the
other factors were freely estimated. For the measurement of internal consistency, Cronbach’s alpha and congeneric
reliability (oc, composite reliability, measured by g. = .60; Hair et al., 2014) were calculated.

In addition, we performed correlation analysis as well as measurement invariance evaluation (invariance of indicator
intercept) for different person-related variables for construct validation of the questionnaire. For the latter, multiple-
groups CFA was conducted and stepwise increasing equality restrictions (equal form, equal factor loadings, equal in-
tercepts) were implemented to determine the degree of measurement invariance (Brown, 2015). The respective model
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comparisons were assessed using the Satorra—Bentler scaled y*-difference test as well as, due to the sensitivity of this
goodness-of-fit test to sample size, based on Chen’s rule of thumb (Chen, 2007), where as long as the RMSEA does
not increase by .015 units and the CFI does not decrease by .010 units, measurement invariance is present. Since a
large proportion of the items deviated from the standard normal distribution, all calculations were performed using
the MLR estimator (robust maxinum likelihood estimation) due to the robustness of this estimator towards deviation from
the normal distribution (Brown, 2015). All analyses were conducted in R (version 4.1.0) using the lavaan (Rosseel,
2012) and the semTools (Jorgensen et al., 2018) packages.

4 Results

4.1 Confirmatory Factor Analysis and Reliability (Hypothesis 1)

To test Hypothesis 1, we conducted confirmatory factor analysis (CFA). The initial five-factorial CFA showed only
reasonable fit for the indices CFI and TLI (3* = 607.096, p < .001, df = 395; CFI: .920; TLI: .912; RMSEA = .040,
90% C.I. [.033, .045]; SRMR = .062). Therefore, we inspected the modification indices for plausible changes in the
model. With the highest modification indices, this suggested cross loadings for two items on a non-targeted factor. For
one item of the factor Cognitive and Motoric Learning Preconditions (“From my point of view, experiments are appropriate
toward cognitive performance”), an additional salient factor loading on the factor Potentials for Students was suggested
(M.I. = 57.154, EPC = 1.153). We assume that due to its wording (“appropriate”), this item achieved a higher mean
value (M = 4.14; §D = .75) than other items of the factor (M = 3.35; SD = .73), so we attribute the factor loading to
a method effect. For an item of the factor Posentials for Students (“1 think experiments have a motivating effect when
there are practical experimentation phases for the students”), a cross loading on the factor Motivational I _earning Precon-
ditions seemed plausible given the common motivational aspect (M.I. = 51.491, EPC = .550). Based on these consid-
erations, we decided to exclude both items from the questionnaire, also to ensure good discriminant validity as “indi-
vidual measured items should represent only one latent construct” (Hair et al., 2014, p. 620). Furthermore, a residual
correlation between two items (“I believe that experimentation trains students’ practical skills” and “I think experi-
mentation promotes students’ hands-on activity”) was suggested (M.I. = 21.836, EPC = .084), amounting to
r=.27 (.03), which seemed plausible given the similarity of the items in their German wordings. Further proposed
changes in the model did not seem to be clearly theoretically justifiable. By dropping both items and admitting this
residual correlation, the model fit could be improved and turned out to be good (y* = 428.255, p = .001, df = 339;
CFI: .962; TLI: .958; RMSEA = .028, 90% C.I. [.019, .035]; SRMR = .051). Even though the y*-test turned out to be
significant again, the ratio y2/df = 1.26 indicated a very good model—data fit (Schermelleh-Engel et al., 2003). All stand-
ardised factor loadings were substantial and proceeded the cut-off of A = .45 by Tabachnick and Fidell (2007)
(45 =\ = .81, median = .61).

All items, item means, standard deviations, and standardised factor loadings of the final version are shown in table 1.
The English translations given are for communicative understanding only; the items used were all validated in their
original German versions.

The internal consistency for all scales turned out to be satisfactory to good, as indicated by Cronbach’s alpha
(.64 < o < .88) as well as by congeneric reliability (.65 < p. < .87), where all scales exceeded the value of p. = .60 (Hair
etal.,, 2014) (Tab. 2).

Tab. 1. Item pool, means and standard deviations (in parentheses), and standardised factor loadings (\) with standard
errors (in parentheses).

Factors and Items M (SD) A (SE)

F1 Potentials for Students 4.23 (.49)

F1 Potenziale fiir Schiiler*innen

(1) Tam convinced that students understand subject content better through experimentation.  4.39 (.74) .63 (.06)
Ich bin der Uberzengung, dass Schiiler*innen durch das Experimentieren fachliche Inhalte besser versteben.

(2) From my point of view, experiments are suitable for the cognitive activation of students. ~ 4.35 (.78) .61 (.06)
Aus meiner Sicht eignen sich Experimente 3ur kognitiven Aktiviernng der Schiiler*innen.

(3) 1 think that experimentation teaches students to conduct simple geographical-scientific 4.21 (.75) .56 (.05)
methods.

Ich denke, dass die Schitler*innen beim Experimentieren lernen, einfache geographisch-natunvissenschaftliche Arbeits-
techniken ausgufiibren.

(4) 1 believe that students learn to recognise cause-and-effect relationships through experi- 4.38 (72) .61 (.06)
mentation.
Ich glanbe, Schiiler¥innen lernen beim Experimentieren Ursache-Wirkungs-Zus hénge zu er:

(5) In my opinion, experimentation trains the ability to develop explanations for geograph- 4.24 (77) .63 (.05)

ical phenomena.
Meiner Meinung nach schult das Experimentieren die Fahigkeit, Erkliarnngen fiir geographische Phanomene zu ent-
wickeln.
(6) In my opinion, experimentation teaches students the ability to interpret data and infor- 4.21 (.82) .60 (.06)
mation.
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Meiner Meinung nach erlernen Schiilerinnen beim Experimentieren die Fibigkeit, Daten und Informationen 3u in-
terpretieren.

(7) 1 think that experimentation trains the ability to pose geographical questions about geo- 3.95 (.87) .59 (.04
graphical phenomena.
Ich meine, dass das Experimentieren die Fibigkeit schult, geographische Frages
nen gu stellen.

(8) 1 think experimentation teaches students to make predictions about geographical phe- 3.75 (.87) 47 (.04)
nomena.
Ich meine, beim Excperimentieren lernen die Schiiler*innen 1 orbersagen iiber geographische Phanomene zu treffen.

(9) From my point of view, experiments encourage people to get to the bottom of things on ~ 4.44 (.72) .61 (.06)
their own.
Aus meiner Sicht ermutigen Experimente, selbst den Dingen auf den Grund zu geben.

(10) 1 believe that experimentation trains students’ practical skills. 4.48 (.72) .60 (.07)
Ich bin der Meinung, dass das Experimentieren die praktischen Féabigkeiten der Schiiler*innen schult.

(11) T think that the students can learn a lot about the purposeful use of measurement tools 4.14 (.87) 45 (.05)
and laboratory materials while experimenting.
Ich mieine, dass die Schiiler*innen beim Experimentieren viel iiber die Zielgerichtete Nutzung von Messgerditen und
Labormaterialien lernen kinnen.

7/,

zu geographischen Phii

(12) 1 think expetimentation promotes students’ hands-on activity. 4.51 (.70) .61 (.06)
Ich denke, das Experimentieren fordert die praktisch-handelnde Aktivitit der Schiiler*innen.

(13) In my opinion, students learn to work in a focused way when they experiment. 3.80 (.94) .56 (04
Meiner Meinung nach erlernen die Schiiler*innen beim Experimentieren fokussiertes Arbeiten.

(14) In my opinion, experimentation trains the ability to observe attentively and in detail. 4.36 (.72) .66 (.05)
Meiner Meinung nach schult das Experimentieren die Fabigkeit, anfmerksam und detailliert zun beobachten.

F2 Potentials for Structuring Lessons 3.31(79)

F2 Potencziale fiir die Unterrichtsstrukturierung

(15) From my point of view, experiments facilitate the design and implementation of lessons. 3.32 (1.11) 51.(.07)
Aus meiner Sicht erleichtern Experimente die Gestaltung und Durchfiibrung von Unterricht.

(16) In my opinion, the use of experiments has a structuring effect on lessons. 3.37 (97) .71 (.06)
Meiner Meinung nach wirkt der Einsatz von Experimenten strukturierend anf den Unterricht.

(17) I think expetiments help determine the class schedule. 3.24 (1.00) .68 (.07)
Ich denke, Experimente belfen den Ablanf des Unterrichts festzulegen.

F3 Cognitive & Motoric Learning Preconditions 3.35(73)

F3 kognitive & motorische Lernvoraussetzungen

(18) In my opinion, many students have the prior knowledge for experimentation. 2.69 (97) .54 (.06)
Meiner Meinung nach verfiigen viele Schiiler*innen iiber das 1 onwissen fiir das Experimentieren.

(19) I think that most students are able to plan the design of an experiment. 3.12 (.96) .54 (.06)
Ich meine, dass die meisten Schiiler*innen den Aufban eines Experiments planen kinnen.

(20) From my point of view, many students have the manual skills to experiment. 3.54 (.95) .63 (.06)
Aus meiner Sicht besitzen viele S chitler*innen das handwerkliche Geschick zum Experimentieren.

(21) I believe that the students are able to use the equipment necessary for experimentation. 3.38 (.92) .72 (.05)
Ich bin der Meinung, dass die Schiiler*innen mit den fiir das Experimentieren notwendigen Geraten nmgehen konnen.

F4 Motivational Learning Preconditions 4.51(.61)

F4 motivationale Lernvoraussetzungen

(22) From my point of view, students are interested in experiments. 4.50 (.71) .81 (.06)
Aus meiner Sicht bringen Schiiler*innen Experimenten Interesse ent,

(23) 1 think that students are motivated for experimentation. 4.53 (72) .80 (.05)
Ich denke, dass Schiler*innen fiir das Experimentieren motiviert sind.

(24) In my opinion, students are open-minded and positive about experiments. 4.51 (.69) .73 (.06)
Meiner Meinung nach steben Schiiler*innen Excperimenten anfgeschlossen und positiv gegeniiber.

F5 Importance of Openness 3.41(.72)

F5 Wichtigkeit von Offenheit

(25) In my opinion, it is important that all groups of students choose the same experimental 3.57 (1.07) .64 (.07)
design. (-)
Meiner Meinung nach ist es wichtig, dass alle Schiilergruppen den gleichen Experimentanfban wablen. (-)

(26) 1 think it is important that all groups of students arrive at identical results when experi- 3.96 (.96) .55 (.07)
menting. (-)
Ich finde es wichtig, dass alle Schiilergruppen beim Excperimentieren 3u identischen Ergebnissen kommen. (-)

(27) For me, clearly interpretable results are a condition for the use of experiments. (-) 3.01 (1.10) 46 (.08)
Fiir mich sind eindentig interpretierbare Ergebnisse 1 oraussetzung fiir den Einsatz von Experimenten. (-)

(28) 1 think it is important that the course of experimentation in class is exactly according to 3.12 (1.04) .59 (.07)
plan. ()

Ich halte es fiir wichtig, dass der Experimentablanf im Unterricht genan nach Plan verlinft. (-)
Items in English translation for communicative understanding only and original German wording (italics) with 5-point Likert scale

(1 = “do not agree at all”/“stimme gar nicht zu”, 5 = “completely agree”/“stimme vollkommen zu”); N = 344. (-) reverse-coded
items; p <.001 for all factor loadings.
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Fig. 1. Confirmatory Factor Analysis with Residual Correlation.
4.2 Measurement Invariance (Hypothesis 2)

To test Hypothesis 2, we conducted multiple-groups CFA (Brown, 2015) in order to check the measurement invariance
of the indicator intercepts regarding gender (female vs. male), school type (primary vs. secondary school), and students
with and without a further studied STEM subject as well as with or without practical teaching experience. For testing
gender invariance, the gender data of the two persons who indicated “diverse” were coded as missing. The multi-group
analyses were able to demonstrate strong measurement invariance regarding indicator intercepts across school type,
practical experience, and further studied STEM subject as the inspection of the modification indices indicated that no
substantial differences between the models existed. For gender invariance, the y>-test comparing the metric model and
the less restrictive configural invariance model was significant (Ay? = 38.824, Adf = 23, p < .05). However, the more
robust indices show that no substantial difference between both models existed (ACFI = .006, ARMSEA = .001), so
strong measurement invariance can be assumed for all variables. This result suggests that the factor structure, the factor
loadings, and the thresholds are comparable, and the construct is structurally consistent across the subgroups (Brown,

2015).
4.3 First Evidence for Discriminant and Convergent Validity (Hypothesis 3)

In order to test Hypothesis 3, we inspected the latent correlations between the factors (Tab. 2). The correlations found
were modest to high but did not exceed the threshold value of » = .80, suggesting that they represent distinct constructs
and thus indicating favourable discriminant validity (Brown, 2015).

Furthermore, between factors of theotetically similar constructs, modest correlations were found: the two factors re-
lating to the potentials of experimentation in geography teaching (Pofentials for S tudents and Potentials for Structuring Lessons,
r= .44 [.02]) and the two factors relating to the students’ learning preconditions (Cognitive and Motoric 1 earning Precondi-
tions and Motivational Iearning Preconditions, r = .38 [.03]) were substantially correlated, respectively. In addition, all factors
directly related to the students were substantially correlated (Potentials for Students and Motivational 1.earning Preconditions,
r= .63 [.05]; Potentials for Students and Cognitive and Motoric Learning Preconditions, r = .49 [.02]). In combination with all
indicators loading significantly on the corresponding factors (A = .45), this can be seen as first evidence for convergent
validity (Brown, 2015).

Statistically nonsignificant or small correlations were found between factors related to theoretically distinct constructs,
again indicating favourable discriminant validity (Brown, 2015).

Tab. 2. Reliability and latent bivariate standardised correlations (standard errors in parentheses) for the five factors.

o ) ) @
(1) Potentials for Students .88 .87 -
(2) Potentials for Structuring Lessons .66 .60 A44% (102 -
(3) Cognitive & Motoric Learning Preconditions .70 .70 49% (L02) .29% (L03) -
(4) Motivational Learning Preconditions 83 .83 .63* (.05) .14 (.02) .38* (.03) -
(5) Importance of Openness .64 .65 .02 (.03) -27% (04) -.16 (.03) 14 (.04)

N = 344, 5-point Likett-scale (1 = “do not agree at all”, 5 = “completely agree”), *p < .001.
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5 Discussion and Conclusions

The aim of the present study was to validate a newly developed measurement instrument in the form of a questionnaire
on prospective teachers’ beliefs about experimentation in geography classrooms. With the questionnaire, for the first
time, an instrument is available to survey prospective teachers’ be/iefs about experimentation in geography teaching with
robust evidence of its validity and reliability. The measuring instrument can be used to examine different aspects of
prospective geography teachers’ beliefs about experimentation and to compare them across different subgroups. With
its focus on the specific requirement of experimentation and on geography teachers in particular, the developed ques-
tionnaire can serve as an example for the subject- and requirement-specific assessment of the beliefs of (prospective)
teachers.

To justify its use for further research and practice, we included several sources of evidence as recommended by Brown
(2015) to support the construct validity of the developed measurement instrument on be/iefs about experimentation.
Since the dimensionality of the measurement instrument was previously unknown, in a previous step of scale devel-
opment, EFA was used to empirically uncover the underlying factor structure. In the process, five factors related to
potentials, learning preconditions, and the implementation of experimentation in geography teaching were found.
Within the scope of the present study, the hypothesised factor structure was replicated in a new independent sample
using CFA to support the validity of the measurement instrument (Brown, 2015). We found a good fit of the model
to the data in the new sample, which indicates good construct validity of the measurement instrument. The final
instrument consisted of five different scales and 28 items with acceptable to good reliability.

It should be noted that, because our model initially only reasonably fit the data, we modified our model in a data-driven
manner using modification indices to determine the nature of the misfit of the initial hypothesised model. To avoid a
discriminant validity problem, two items with cross-loadings had to be removed from the measurement instrument
(Hair et al., 2014) after additional conceptual consideration (Brown, 2015). Thus, we have moved away from our
confirmatory approach, which is nevertheless “of less consequence than not knowing the reason behind poor model
fit” (Worthington & Whittaker, 2000, p. 829). However, the deletion of only two of the 30 variables can be considered
a minor modification (Hair et al., 2014). Ideally, the revised model should be retested in a confirmatory approach using
an independent sample (Brown, 2015).

The measurement instrument is intended to be administered within different subgroups and to be used for compari-
sons across them. Therefore, we evaluated measurement invariance as “an important aspect of test development”
(Brown, 2015, p. 4) for the final model to ensure the generalisability of the construct across those groups. The results
indicate strong measurement invariance across gender, school type (primary vs. secondary school), practical experience
and further studied STEM subject, suggesting equivalent measurement properties in the subgroups. Thus, it can be
assumed that group differences in the mean values can be attributed to actual differences in construct expression. The
instrument is therefore suitable for mean value comparisons between these subgroups (Brown, 2015).

To further administer construct validity, we conducted correlation analysis to obtain first evidence of convergent and
discriminant validity. The correlations found indicate the convergent validity of the instrument, as factors of theoreti-
cally overlapping constructs (resp., relating to potentials or learning preconditions, addressing the students directly)
were moderately correlated, as hypothesised. Since “reliability is also an indicator of convergent validity ... meaning
that the measures all consistently represent the same latent construct” (Hair et al., 2014, p. 619), and all indicators
related to theoretically overlapping constructs significantly loaded on the respected factors (Brown, 2015), this, too,
can be seen as first evidence of the instrument’s convergent validity. In addition, the correlations between all scales
were modest (7 < .80), indicating that the scales measure distinct constructs. Furthermore, only statistically nonsignif-
icant or small correlations were found between factors related to theoretically distinct constructs, suggesting the overall
favourable discriminant validity of the measurement instrument (Brown, 2015).

A central limitation of our procedure for capturing the prospective teachers’ beliefs is the format of the developed
instrument, namely the closed answer format and the categories that were determined in advance based on qualitative
interview studies and literature research. As little knowledge is available to date on beliefs about experimentation in
geography education, this open approach was necessary for the development of the items. Despite a closed answer
format, to emphasise the subjective and subconscious character of the beliefs, we chose a suitable item stem for the
survey of beliefs according to Rokeach (1969). In addition, we requested quick and intuitive responses to the items in
the instructions. By choosing this answer format, it must be accepted that only excerpts of beliefs about experimentation
can be captured by the questionnaire.

At the same time, the chosen closed questionnaire format makes it possible to conduct larger-scale studies as well as
to captute the beliefs about experimentation in a time-efficient way. Thus, the measurement instrument can possibly
serve in future for the diagnosis of the beliefs of geography student teachers as learning preconditions for university
teaching and training programmes. This is of particular importance, as the student teachers’ pre-existing be/iefs act as a
kind of filter, influencing the interpretation and implementation of what is learned in academic education (Maier et al.,
2013). Since the measurement instrument can additionally enable an introspective access to one’s own beliefs, it could
furthermore be used for didactic (self-)reflection. This is especially relevant since just such methods that include an
active involvement with one’s own beliefs seem to be most profitable for the change of beliefs (Blomeke, 2003; Fives &
Buehl, 2012; Steinmann & Oser, 2012). We also consider it possible to transfer an adapted questionnaire to other
prospective science teachers, so that the questionnaire could also be suitable for teacher training in these areas. Whereas
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experimentation in geography lessons differs from other science subjects in terms of context, in essence it is equivalent
to the conceptual understanding in these, such as the goal of identifying cause-and-effect relationships.

In addition to only capturing excerpts of the belefs about experimentation in geography classrooms, the developed
measurement instrument for the beliefs initially focuses on only one sub-component of teachers’ professional compe-
tence, even though our long-term goal is to examine further components. Against this background, it is not possible
to make any reliable predictions about the (future) teaching activities of the student teachers on the basis of the results
presented. Especially since, as outlined in the beginning, further factors would have to be taken into account for this.
Finally, the high level of agreement with individual items and a possible ceiling effect should be viewed critically,
especially with regard to the possible use of the instrument to examine changes in be/iefs. In order to assess this, a
comparison with other groups of in-service geography teachers will be necessary in future. It is therefore planned to
replicate our study and validate the questionnaire with a sample of in-service teachers. This will allow us, on the one
hand, to examine the generalisability of our findings beyond student teachers, and, on the other, to gain insights into
geography teachers’ professional actions when experimenting. The development and validation of the questionnaire
on the beliefs of geography student teachers presented in this paper can thus be seen as a first and at the same time
necessary step to be able to clarify the complex interplay of aspects of the professional competencies, school frame-
work conditions, and classroom actions of geography teachers regarding experimentation in geography classrooms.
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