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Abstract

The aim of this study was to obtain a holistic understanding of pre-service teachers’ enthusi-
asm for teaching (a subject) by examining its structure as well as relevant factors that may
be related to it in the first phase of teacher education. For this purpose, we considered two
strands of research: educational science and organizational psychology. Accordingly, the
professional competence model and the job demands and resources model helped to iden-
tify factors that are associated with pre-service teachers’ enthusiasm for teaching.
Responses of 211 pre-service biology teachers indicated that enthusiasm for teaching can
be considered as one-dimensional. Moreover, we found positive relationships between
enthusiasm for teaching and academic self-concept, intrinsic career choice motives and
occupational commitment. In contrast, we detected negative relations between enthusiasm
for teaching and both emotional exhaustion and intention to quit. No significant relations
could be found for enthusiasm for teaching and both professional knowledge and extrinsic
career choice motives. Our findings highlight the importance of enthusiasm for teaching in
the earliest stage of teachers’ careers. Thus, our study points out relevant factors that could
help to maintain high enthusiasm and to keep (pre-service) teachers healthy and in the
profession.

Introduction

Descriptions of ‘ideal teachers’ frequently include competence. However, the most competent
teachers only assist students’ learning if they are healthy and stay in the profession. High rates
of teachers’ absenteeism and attrition also suggest that teachers’ health and well-being are
important [1-4] and should be fostered as early as possible. Moreover, enthusiasm of teachers
is a key element of their competence and health, for several reasons. First, as an affective moti-
vational orientation, enthusiasm is an important component of teachers’ professional compe-
tence [5-7]. Teachers’ enthusiasm enhances students’ enjoyment, interest and motivation [8-
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12]. It is also positively related to instructional quality [13, 14], which strongly influences stu-
dents’ performance [15, 16], and desirable student-teacher relationships [6, 9, 17].

Second, enthusiasm is an important health-promoting personal resource for teachers [18,
19]. Overwork and burnout impair not only teachers’ health but also their performance, and
hence instructional quality, students’ performance and motivation, and schools at organiza-
tional levels [20-22]. In contrast, high enthusiasm potentially counteracts these effects [20, 23].

Recent studies have treated enthusiasm either as an element of professional competence
[e.g. 6,7, 16] or a personal resource that promotes teachers” health [17, 24, 25]. Furthermore,
little is known about the enthusiasm of pre-service teachers. However, key foundations of
teachers’ competence, like professional knowledge and affective-motivational orientations, are
established during the academic phase of teacher education [5, 26]. Additionally, teachers’
early career is formative as it is very demanding and related to emotional exhaustion [3, 27—
29]. To explore pre-service teachers’ enthusiasm for teaching holistically, this study identifies
factors that promote and interact with enthusiasm for teaching. We refer to two models
derived from research on educational science and organizational psychology, respectively: the
teachers’ professional competence model (TPC model; [5]) and the job demands and resources
model (JD-R model; [30]). The TPC model concerns characteristics required for successful
teaching (e.g., professional knowledge, enthusiasm), while the JD-R model is frequently used
to assess factors and processes related to teachers’ burnout and work engagement, and is also
including enthusiasm [18, 23, 31]. By considering these different perspectives, we aim to illu-
minate and link key factors more strongly than with a single point of view.

To be able to examine enthusiasm-related factors, insight on the conceptualization and
dimensionality of teacher enthusiasm is needed. Research has shown that teacher enthusiasm
comprises enthusiasm for the subject and enthusiasm for teaching [6, 7, 32]. However, there is
an inconsistent and unclear use of terminology concerning the latter, as it is described either
as “enthusiasm for teaching” and/or “enthusiasm for teaching the subject” [6, 13, 33]. Thus, we
first ask the question whether enthusiasm for teaching and enthusiasm for teaching the subject
are two different terms for the same construct, or whether they can be used to describe two dis-
tinguishable constructs.

Enthusiasm for teaching

Conceptualization. Beside the long tradition of considering teacher enthusiasm in terms
of instructional behavior, which influences student’s motivation and performance [8, 12, 25,
34-37], a second conceptualization considers teacher’s self-reported enthusiasm as a factor of
a positive affective orientation manifested in teachers’ joy and excitement about their subject
and teaching [6, 7, 32]. Keller and colleagues [32] even propose use of the terms ‘enjoyment’ or
‘passion’ rather than ‘enthusiasm’. However, as enthusiasm is conceptually closely related to
intrinsic motivation, it has—unlike an emotion such as joy’-an action-related component [7],
thus, we prefer the term enthusiasm. As teachers’ internal processes are particularly important
for their health (see the JD-R model; [18, 23, 30, 38, 39]), we apply the second conceptualiza-
tion of enthusiasm, based on pre-service teachers self-reported experience.

Dimensionality. Before attempting to identify determinants of enthusiasm for teaching
or its interaction with other factors, it is important to consider its dimensionality. Various
studies that have adopted an affective conceptualization distinguish two dimensions: content-
related enthusiasm for the subject and activity-related enthusiasm for teaching [6, 7, 16, 24, 40].
While there is consensus concerning the definition of enthusiasm for the subject as a “topic-
related affective orientation” [33], the conceptualization and operationalization of enthusiasm
for teaching are inconsistent. Kunter and colleagues [6] define it both as enthusiasm for
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teaching per se and enthusiasm for teaching a specific subject. Aldrup and colleagues [24] mea-
sured enthusiasm in terms of “work enthusiasm”, with no reference to any subject. In contrast,
16 [16] explicitly refer to an “enthusiasm for teaching the subject” (p. 3), and an instrument
developed by Baier and colleagues [13] includes both generic and subject-related items.
Clearly, the conceptualization and the dimensionality of enthusiasm for teaching are impor-
tant for robust modeling. Thus, our first aim is to clarify if enthusiasm for teaching can be
treated as a single dimension or if a generic and a subject-related dimensions should be consid-
ered separately.

Location of enthusiasm in the TPC and JD-R models. Enthusiasm for teaching is a facet
of teacher enthusiasm, which is important for both teachers’ professional competence and
health [5-7, 18, 19]. Of the four competence aspects described in the TPC model, enthusiasm
is a key factor of motivational orientations, which are crucial for teachers’ psychological func-
tioning [40]. Another aspect is professional knowledge, which includes pedagogical psychologi-
cal knowledge (PPK) as a generic domain, and two subject-related domains: content
knowledge (CK) and pedagogical content knowledge (PCK) [5, 41]. Third, teachers’ beliefs,
values, and goals influence their attitudes towards students, the teaching profession and teach-
ing quality. Finally, teachers’ self-regulation abilities are crucial for their management of per-
sonal resources and coping with job demands.

In the JD-R model, enthusiasm is an important work engagement indicator, together with
for example strong identification with the profession [18]. This model is rooted in the assump-
tion that every working individual faces job demands (e. g., challenging student behavior) that
require physical and mental effort. Job resources (e. g., support from colleagues) and personal
resources (e.g., self-confidence) can help to achieve professional goals, reduce burdens of job
demands and promote professional development [18, 23, 30, 39]. Processes linked to job/per-
sonal resources and demands affect personal and organizational outcomes in contrasting
ways. Strong resources lead through strong work engagement to desirable personal and orga-
nizational outcomes, as work engagement is positively related to well-being and performance
[39]. Moreover, in contrast, mismatches between available resources and demands may result
in emotional exhaustion and burnout, with costly consequences for employees” health and
organizations. For in-service teachers, such mismatch can cause major mental and physical
health problems, with adverse effects on teaching quality, absenteeism, and career changes that
can pose severe challenges for schools and governments [1, 2, 21, 42]. The same may hold for
pre-service teachers, e.g. when qualified pre-service teachers decide to quit teacher education.

Accordingly, teacher enthusiasm is a component of both the TPC model, as an affective
domain of teachers’ motivational orientations, and JD-R model, where it is located in the moti-
vational path between personal/job resources and personal/organizational outcomes. Having
described our conceptual frameworks, the following sections outline six cognitive and affec-
tive-motivational factors derived from these frameworks and recognized as important for
enthusiasm for teaching: professional knowledge, academic self-concept, career choice
motives, emotional exhaustion, intention to quit, and occupational commitment.

Professional knowledge

Professional knowledge (CK, PCK, and PPK) is needed to meet the demands of the teaching
profession, thus it plays a key role in the TPC model [5, 41, 43], governs the structure of
teacher education at university [44], and is related to several desirable outcomes, like instruc-
tional quality [15] and students’ performance [45-48]. CK is teachers’ subject matter knowl-
edge (including subject-related topics, concepts and contexts), PCK is the knowledge teachers
need to make the content of a certain subject accessible to their students, and PPK is teachers’
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knowledge of general teaching- and learning-related facets like classroom management and
learning processes [5, 49, 50]. These domains of professional knowledge are predominantly
acquired in the academic phase of teacher education [51]. Thus, since pre-service teachers are
teacher students, the motivational component of enthusiasm for teaching could possibly lead
to higher professional knowledge, which is required for teaching. This is in accordance with
the JD-R model, in which enthusiasm potentially leads to higher performance [18].

Academic self-concept

Self-concept refers to the evaluation of one’s own performance in certain domains, such as
pre-service teachers’ academic performance. Academic self-concept is treated as a cognitive
domain of motivational orientations in the TPC model. As an important characteristic of
teachers, it promotes several desirable outcomes like teacher self-efficacy and teacher well-
being [5, 52].

We assume that academic self-concept is relevant for enthusiasm of pre-service teachers
because the perception of one’s own competence is an important prerequisite of intrinsic moti-
vation [53], and thus most likely for enthusiasm. Moreover, self-concept and joy are positively
correlated [54]. As joy and enthusiasm are conceptually closely related (e.g., [32]) a correlation
between enthusiasm and self-concept seems plausible.

Career choice motives

Career choice motives are the reasons for deciding to choose a particular profession. They are
considered as intrinsic or extrinsic, whereby intrinsic motives for choosing teaching include
personal interest in a specific subject and the desire to interact with children and adolescents,
and extrinsic motives include the compatibility of work and family life, and expectations of
parents and friends [53, 55, 56].

Career choice motives have clearly demonstrated links with development of professional
competence [40, 57, 58] and burnout [59]. They warrant attention here because they influence
pre-service teachers’ choice of profession and subsequent enthusiasm for teaching [60]. More-
over, intrinsic career choice motives are important motivational orientations [40]. In contrast,
studies on teachers’ well-being indicate that burnout may be linked to extrinsic motives [59].
Thus, enthusiasm may be positively and negatively related to intrinsic and extrinsic career
choice motives, respectively.

Emotional exhaustion, the intention to quit, and occupational commitment

There are high risks for teachers leaving the teaching profession, even within a few years of
starting [3, 28]. To prevent this, knowledge is needed of teachers’ motives for leaving the pro-
fession, which may include the frequent feeling of being overwhelmed by the high social and
emotional demands of the job when they start [61, 62]. According to the JD-R model, if this
experience continues and applied coping strategies fail to give relief, emotional exhaustion can
occur, potentially leading to burnout and turnover intention [30, 31]. Teachers’ emotional
exhaustion, a combination of emotional overload and lack of emotional resources [18, 63], is
negatively related to both students’ and teachers’ performance [64, 65]. Enthusiasm has a miti-
gating impact on this process [24, 60], and given its importance we aimed to determine (1) if
emotional exhaustion and enthusiasm are already related during teacher education at univer-
sity, and (2) if pre-service teachers’ enthusiasm for teaching negatively predicts the intention
to quit teacher education.

Teachers who leave the profession have less affective occupational commitment [66], i.e.
emotional attachment to the profession, or motivational orientations towards it [61, 62].
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Occupational commitment and enthusiasm for teaching are closely related as they are both
facets of an affective orientation towards teaching-specific tasks. They mainly differ in degree
of abstraction: enthusiasm for teaching is more specific and task-related than occupational
commitment, which covers more global personal attitudes. Klassen and Chiu [62] found that
occupational commitment decreases with in-service teachers’ years of experience. They also
found that pre-service teachers had lower intention to quit than in-service teachers, but occu-
pational commitment directly influenced both groups’ intention. They assumed that these dif-
ferences occur because “novice teachers’ expectations of the work environment may be
unrealistic, and must be recalibrated when the realities of day-to-day work intrude on the
hoped-for learning environment” ([62], p. 122). Enthusiasm could, as shown for emotional
exhaustion, counter these trends. Its potential relevance is supported by an important finding
regarding the JD-R model that occupational commitment seems to be more strongly influ-
enced by the motivational process than the health impairment process [20]. If so, the positive
influences of job/personal resources and work engagement and enthusiasm on occupational
commitment may outweigh negative influences of job demands and burnout. Thus, it is rea-
sonable to foster enthusiasm for teaching of pre-service teachers. No previous studies have
investigated the relationships between occupational commitment and teacher enthusiasm.
However, these theoretical considerations indicate that pre-service teachers’ enthusiasm for
teaching may have a positive relation with occupational commitment.

Research questions and hypotheses

The study at hand aims to clarify the empirical structure of teacher enthusiasm and to identify
cognitive and affective factors that may be related to pre-service teachers’ enthusiasm for
teaching. The following research questions and hypotheses, based on recent research, guided
the analysis:

1. Can pre-service teachers’” enthusiasm for teaching be parsimoniously treated as a one-
dimensional construct, or should it be separated into generic (enthusiasm for teaching) and
subject-specific (enthusiasm for teaching the subject) dimensions? We hypothesized that it can
be considered as two-dimensional, similar to the dimensionality of professional knowledge
and self-concept, where PCK- and PPK-related domains were shown to be separable [50, 67].

2.1Is pre-service teachers’” enthusiasm for teaching related to the cognitive factors profes-
sional knowledge and academic self-concept? We assume, that enthusiasm is positive related
with both the domains of professional knowledge and academic self-concept [51, 52].

3. How is pre-service teachers” enthusiasm for teaching related to the following affective-
motivational factors: career choice motives, emotional exhaustion, intention to quit, and occu-
pational commitment? We hypothesized that: it is positively and negatively related to single
and joint intrinsic and extrinsic career choice motives, respectively; negatively related to both
emotional exhaustion and intention to quit; and positively related to occupational commit-
ment [18, 62].

Methodology and methods
Sample and procedure

The study presented here was part of the longitudinal KeiLa (Development of professional com-
petence in pre-service mathematics and science teacher education) investigation of individual
and institutional determinants of pre-service mathematics and science teachers’ development
of professional competence at 25 German universities [68]. Participants (N = 299) attended up
to four 4-hour paper-and-pencil assessments in which they provided information on multiple
aspects of professional competence of teachers including the ones of interest for this study.
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The participants received monetary compensation (10 € per hour). Since we were not interested
in longitudinal analyses, we chose data from each participants’ first attendance, gaining a cross-
sectional sample. Teaching experience was used as a filter variable as teaching experience is cru-
cial for answering our research question. Thus, only pre-service teachers who had some teach-
ing experience were included, leading to a sample of 211 pre-service teachers from 20
universities. Of the participants, 163 were female (77.3%) and 48 were male (22.7%). Their
mean age at first attendance was 21.54 years (SD = 2.59). Participants were enrolled in semesters
1to 9 with n, = 79 (37.4%), n3 = 25 (11.8%), ns = 81 (38.4%), n, = 24 (11.4%), and n = 2 (1%).

Measures

Wherever mentioned, the 4-point Likert scale is 4 = fully applies; 3 = largely applies; 2 = does
not much apply; 1 = does not apply at all; o refers to Cronbach’s alpha.

Enthusiasm for teaching. We assessed enthusiasm for teaching with 12 4-point Likert-
type items of an instrument including two subscales, each with six items, designed to probe:
generic enthusiasm for teaching (M = 21.61, SD = 2.24, o. = .82), and enthusiasm for teaching
the subject (M = 21.65, SD = 2.23, o. = .82; see S1 File for the complete instrument). The instru-
ment was developed for the KiL project (Measurement of professional competences in mathe-
matics and science teacher education, e.g., [69]).

Cognitive determinants. We regarded professional knowledge and academic self-concept
as possible cognitive determinants of pre-service teachers’ enthusiasm for teaching. Thus, we
measured our participants’ professional knowledge in the CK, PCK, and PPK domains with a
knowledge test, using items developed in the KiL project. We calculated Weighted Likelihood
Estimation (WLE) scores [70] for each domain using the R package “TAM’ [71]. To capture
their CK and PCK we used 34 items related to ecology, genetics, evolution, morphology, and
physiology, and 38 items regarding instructional strategies and students’ understanding,
respectively (CKwpe(Rel) = .74, PCKywe(Rel) = .62) [72, 73]. To capture PPK, we applied four
subscales covering (1) teaching (TE), (2) learning and development (LD), (3) performance
assessment (PA), and (4) classroom management (CM), with 29, 34, 19 and 25 items, respec-
tively [49]. These yielded acceptable to good WLE reliabilities of TEw; g(Rel) = .77,

LD e(Rel) =.78, PAyyg(Rel) = .60, CMyg(Rel) = .80, respectively.

To measure academic self-concept we adapted an instrument developed by Retelsdorf and
colleagues [74]. This included five 4-point Likert type items designed to probe each of the
three dimensions, related to (1) CK, (2) PCK and (3) PPK ((1) M = 15.71, SD = 2.6, (2)

M =14.92,SD =2.54, and (3) M = 14.41, SD = 2.89 with o = .85, .84, and .87, respectively).

Affective-motivational determinants. We assumed that affective-motivational factors
related to pre-service teachers’ enthusiasm for teaching include career choice motives, emo-
tional exhaustion, occupational commitment, and intention to quit the teacher education
program.

Career choice motives were assessed using an instrument developed by Pohlmann and Mol-
ler [55]. Three subscales (measured by 4-point Likert type items) cover three intrinsic motives:
(1) pedagogical interest, (2) interest in a particular subject, and (3) teaching ability beliefs (6, 4
and 5 items; (1) M = 21.39, SD = 2.81, (2) M = 14.25,SD = 1.82 and (3) M = 16.86, SD = 2.29; o
= .86, .76, and .78, respectively). Another three subscales cover the extrinsic motives (1) utility
beliefs, (2) low difficulty of teacher education, and (3) social influences (8, 4, and 5 items; (1)
M =2248,8D =5.34,(2) M =6.28,SD = 2.35,and (3) M = 11.15, SD = 3.5; o. = .89, .85, and
.76, respectively).
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To capture emotional exhaustion we applied an instrument originating from the Maslach
Burnout Inventory (MBI; [75]) adapted for PISA/COACTIV studies [76]. This consists of four
4-point Likert type items, which yielded scores of M = 8.90, SD = 2.33, with o = .74.

To obtain information about intention to quit the teacher education program, we used five
5-point Likert type items (5 = fully applies, 4 = largely applies, 3 = uncertain, 2 = does not
much apply, 1 = does not apply at all; M = 7.20, SD = 2.46; o. = .65). The items were developed
for the KiL-project.

To assess occupational commitment, a subscale of the Occupational Commitment instru-
ment, originally developed to examine nurses [66], was adapted for teaching. This includes six
4-point Likert type items (M = 21.13, SD = 2.37, o. = .67).

Data analysis

Dimensionality of enthusiasm for teaching. The operationalization of enthusiasm for
teaching is vague [13, 24, 40]. To obtain deep understanding of the importance of academic
teacher education for enthusiasm, knowledge of its empirical structure is needed (research
question 1). We applied confirmatory factor analysis (CFA) using Mplus software [77] to
assess whether enthusiasm for teaching can be parsimoniously treated as a single dimension
(Model 1) or should be divided into generic and subject-related dimensions (Model 2). As the
items were answered on an ordered categorical Likert-scale, we chose a robust Weighted Least
Squares Mean and Variance Adjusted estimator. To assess the significance of differences in the
models’ fit we used the y>-based DIFFTEST option in Mplus [77].

Cognitive and affective-motivational factors interacting with teaching enthusiasm. To
test our hypotheses regarding research question 2, that enthusiasm for teaching is related to
professional knowledge and academic self-concept, we specified enthusiasm for teaching as a
latent variable composed of the applied items. To assess the relationships between pre-service
teachers’ enthusiasm for teaching and the domains of professional knowledge, we calculated
MIMIC (Multiple Indicators Multiple Cause) regression modeling implemented in Mplus [77]
with enthusiasm as a latent independent variable. We assessed relationships between enthusi-
asm for teaching and dimensions of academic self-concept by bivariate correlation modeling
using Mplus [77].

To evaluate relationships between enthusiasm for teaching and affective-motivational vari-
ables (research question 3) we first specified MIMIC models to assess its relations with career
choice motives with enthusiasm as the latent dependent variable. In detail, we specified three
models for enthusiasm and the intrinsic career choice motives subject-specific interest (Model
1), pedagogical interest (Model 2), and ability beliefs (Model 3), respectively, and three models
for enthusiasm and the extrinsic career choice motives utility beliefs (Model 5), low difficulty
(Model 6), and social influences (Model 7), respectively. Additionally, we also assessed rela-
tions between enthusiasm for teaching and joint intrinsic (Model 4) as well as joint extrinsic
motives (Model 8) in additional multiple regression analyses as career choice motives can fur-
ther be modeled with joint intrinsic and joint extrinsic motives as secondary factors [55]. Sec-
ond, as we assume a reciprocal relationship between enthusiasm for teaching and emotional
exhaustion, we applied correlation analyses [18, 31]. Third, MIMIC models with enthusiasm
as the latent independent variable were modeled to gain information about the relationship of
enthusiasm for teaching and intention to quit as well as occupational commitment.

Ethics statement

All participants participated voluntarily and gave their consent for inclusion prior to every
assessment. The purpose of the study (longitudinal assessment of individual and institutional
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Table 1. Goodness-of-fit indices of the two models of enthusiasm for teaching.

Model x> df RMSEA CFI TLI
Model 1: one-factor 465.22 54 0.19 0.93 0.92
Model 2: two-factor 495.45 53 0.20 0.93 0.91

%2 = Chi-square, df = Degrees of freedom, RMSEA = Root mean square error of approximation, CFI = Comparative
fit index, TLI = Tucker-Lewis index.

https://doi.org/10.1371/journal.pone.0259888.t001

determinants of pre-service teachers’ development of professional competence) was explained
in advance. Payment information was collected to pay participants their compensation. This
information has been linked at no time to the other data of the study. The study was conducted
in accordance with the Declaration of Helsinki. As data collection was anonymously pro-
ceeded in the familiar surroundings of university lecture halls, therefore causing no distress to
the participating pre-service teachers, no ethical approval of the local Ethics Committee was
necessary.

Results
Dimensionality of enthusiasm for teaching

Our CFA, which we applied to investigate the empirical structure of enthusiasm for teaching
(research question 1), suggested that Model 1 and Model 2 fitted the data similarly (according
to CFI, TLI, and RMSEA values; Table 1). Accordingly, the x*-difference test detected no sig-
nificant difference between their fits: *(1) = 0.274, p = 0.601. Thus, the more parsimonious
Model 1 was retained, as its restrictions cannot be rejected, and enthusiasm for teaching was
treated as one-dimensional in further analyses.

Cognitive variables

Professional knowledge. Contrary to our hypotheses, the regression analysis revealed no
significant relationships between enthusiasm for teaching and the considered dimensions of
professional knowledge (Table 2).

Academic self-concept. To investigate the relationships between enthusiasm for teaching
and the three dimensions of academic self-concept we calculated bivariate correlations
(Table 3). As we hypothesized, results revealed significant but small positive relationships
between enthusiasm for teaching and CK-, PCK- and PPK-related academic self-concept.

Table 2. Results of the regression analysis for the relationships between indicated dimensions of professional
knowledge and enthusiasm for teaching.

Parameter B SE R?

CK .01 0.07 .00

PCK .00 0.07 .00

PPK
Teaching .10 0.07 .01
Learning and development .07 0.09 .00
Performance assessment .02 0.07 .00
Classroom management .04 0.07 .00

B = Standardized regression coefficient, SE = Standard error, R? = Coefficient of determination.

https://doi.org/10.1371/journal.pone.0259888.t002
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Table 3. Results of the correlation analysis for relationships between enthusiasm for teaching and indicated
dimensions of academic self-concept.

Parameter r SE
Self-concept CK .07* 0.03
Self-concept PCK 137 0.03
Self-concept PPK 127 0.03

r = Unstandardized regression coefficient, SE = Standard error.
p<.05
*p <001,

https://doi.org/10.1371/journal.pone.0259888.t1003

Affective-motivational determinants

Career choice motives. Three separate MIMIC models (1-3) revealed significant relation-
ships between enthusiasm for teaching and the dimensions of intrinsic career choice motives:
subject-specific interest, pedagogical interest, and ability beliefs. A combined model (Model 4)
confirmed the relationships between enthusiasm for teaching and both pedagogical interest
and ability beliefs. In contrast, we found no significant relationship between enthusiasm for
teaching and the extrinsic career choice motives utility beliefs, low difficulty, or social influ-
ences, either separately considered in linear regression models (Models 5-7) or jointly consid-
ered in a multiple regression model (Model 8). See Table 4 for an overview.

Emotional exhaustion. Correlation analysis revealed a small significantly negative rela-
tionship indicating that enthusiasm for teaching decreases with increasing emotional exhaus-
tion (r = -.07, SE = 0.03, p < 0.05).

Intention to quit the teacher education program and occupational commitment. The
remaining two regression analyses with occupational commitment and intention to quit the
teacher education program regressed on enthusiasm for teaching as a latent independent variable,
respectively, reveal a significantly positive relationship of enthusiasm for teaching with occupa-
tional commitment, and a significantly negative relationship with intention to quit (see Table 5).

Discussion

Our approach to gain deeper insights into the conceptualization and the structure as well as
the relations of pre-service teachers’ enthusiasm for teaching with the help of the TPC and
JR-D models yielded to interesting findings, as summarized and discussed below.

Table 4. Results of the regression analysis for the relationships between enthusiasm for teaching and indicated career choice motives (standardized regression coef-

ficients; standard errors in parenthesis).

Parameter Model 1
Intrinsic career choice motives
Subject-specific interest 254 (.07)
Pedagogical interest
Ability beliefs
Extrinsic career choice motives
Utility beliefs
Low difficulty
Social influences
R .06

***p < .001.

https://doi.org/10.1371/journal.pone.0259888.t1004

Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
.07 (.06)

A48%** (.06) 40%** (.06)
.39%** (.06) .25%%* (.06)

-.08 (.07) -.07 (.09)

-11 (.07) -15(.11)

-.10 (.08) 15 (.1)
23 .16 31 .01 .01 .01 .03
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Table 5. Results of the regression analysis for the relationships between intention to quit and occupational com-
mitment with enthusiasm for teaching.

Scale [ SE R?
Intention to quit -21%F 0.05 .10
Occupational commitment 277 0.03 .28

B = Standardized regression coefficient, SE = Standard error, R? = Coefficient of determination.
**p < 001,

https://doi.org/10.1371/journal.pone.0259888.t1005

Teachers are experts in their subject, teaching in general, and teaching the subject, which
are reflected in the structures of both professional knowledge [78] and academic-self-concept
[50, 79]. Accordingly, with regard to our first research question, we hypothesized that enthusi-
asm for teaching should be modelled as a two-dimensional (generic and subject-related) con-
struct, but our results suggest that treating it more parsimoniously as a one-dimensional
construct does not compromise explanatory power. This may have been due to our partici-
pants having too little teaching experience to clearly differentiate between generic and subject-
related aspects in their conceptualization of teaching. Thus, they may not have been suffi-
ciently aware of the object of their enthusiasm (teaching in general vs. teaching the subject).

To answer our second research question, we explored the relationship of enthusiasm for
teaching and the cognitive variables professional knowledge and academic self-concept. In
contrast to a positive relationship between enthusiasm for teaching and academic self-concept,
we found no indication that enthusiasm for teaching is related to professional knowledge. The
domains of professional knowledge are foundations of teacher education, and professional
knowledge is eventually needed for successful teaching [80]. Enthusiasm for teaching being
not a predictor for pre-service teachers’ performance may be explained by its target, which is
teaching (a subject), while professional knowledge is a prerequisite for teaching in the first
place [81]. Thus, pre-service teachers are possibly not aware of the important relationship
between their knowledge and teaching. However, the experience of one’s own competence and
performance is an important aspect of intrinsic motivation [53]. Accordingly, we found a cor-
relation of self-concept with enthusiasm for teaching.

With our third research question we aimed to explore the relationship of enthusiasm for
teaching and multiple affective-motivational determinants. First, regarding the joint model of
the three intrinsic career choice motives and enthusiasm (Model 4), we found significant posi-
tive relationships between enthusiasm for teaching and two intrinsic career choice motives—
pedagogical interest and ability beliefs—, as expected. In contrast, although predominance of
external motives is reportedly linked to burnout [29], we did not detect a negative relationship
between external motives and enthusiasm for teaching, neither in the respective single models
(Models 5-7) nor in the joint model of all three extrinsic career choice motives (Model 8).
However, findings from person-centered studies on career choice motives indicate that teach-
ers have both intrinsic and extrinsic reasons for engaging in teaching [82, 83]. Hence, a more
holistic approach, recognizing fluctuating contributions of both internal and external career
choice motives may be required. Second, in accordance with findings for in-service teachers
[18, 60], we detected the hypothesized negative correlation between pre-service teachers’ emo-
tional exhaustion and enthusiasm for teaching. Hence, high enthusiasm for teaching seems to
diminish emotional exhaustion that occurs during teacher education at university, and vice
versa, high emotional exhaustion during teacher education has an unfavorable influence on
enthusiasm for teaching. This clearly highlights the importance of enthusiasm for teaching in
this early stage of the teaching career. Third, as further assumed, we found that enthusiasm for

PLOS ONE | https://doi.org/10.1371/journal.pone.0259888 November 18, 2021 10/17


https://doi.org/10.1371/journal.pone.0259888.t005
https://doi.org/10.1371/journal.pone.0259888

PLOS ONE

Dimensionality of pre-service teachers’ enthusiasm for teaching

teaching was positively and negatively associated with occupational commitment and the
intention to quit teacher education, respectively. This corroborates the importance of enthusi-
asm for teaching in pre-service stages. However, as Klassen and Chiu [62] found that occupa-
tional commitment decreases with in-service teachers’ years of experience, it is also important
to identify ways to maintain high enthusiasm and thus commitment.

Limitations

As our sample was cross-sectional, we cannot draw conclusions about the direction of detected
effects or changes in measured variables with time. However, we identified factors that appar-
ently relate to pre-service teachers’ enthusiasm for teaching during teacher education at uni-
versity, and our results provide indications of potentially fruitful foci of future research. These
include subject-specific enthusiasm, especially aspects associated with subject-related career
choice motives and self-concept, which we did not explicitly address. As mentioned above, a
possible explanation of the apparent uni-dimensionality of enthusiasm for teaching is that our
pre-service teachers did not think about teaching in isolation from the subject. This may have
been due to priming, as enthusiasm for teaching was tested in the framework of a larger study,
and most items were related to their respective subjects (e.g., biology). Overall, since all associ-
ations we found were of self-reported constructs, we have to consider common method bias
effects [84], which indicate that explained variance may be influenced by sharing the same
assessment method. While professional knowledge was assessed with a knowledge test, all
other measurements were based on self-reports. Further studies should take this into account
and variate or combine methods for assessing enthusiasm for teaching and related constructs.

Implications
Implications for future research

Combined use of the TPC and JD-R models enabled identification of important factors for
pre-service teachers’ enthusiasm for teaching. This highlights its importance for both profes-
sional competence and health, as well as the value of combining multiple frameworks for a
holistic investigation of enthusiasm for teaching. Clearly, promoting both teachers’ compe-
tence and health is important, so health-related aspects should be more frequently addressed
when teachers’ professionalization is considered, and could clarify pre-service teachers’
requirements for a successful start in the profession.

When investigating enthusiasm for teaching, more attention should be paid to its conceptu-
alization and operationalization. As mentioned, we suspect that our participants’ responses
were influenced by a strong link between teaching and the subject. Thus, the possibility that
instruments or procedures used to probe it include explicit or implicit references to subjects
should be considered.

An interesting previous finding is that career choice motives can change during a profes-
sional career. Thus, teachers’ reasons for choosing and remaining in the profession depend on
their individual experiences over time [60, 85]. Problems like burnout may occur if teachers’
enthusiasm diminishes for any reasons, and extrinsic motives prevail [59, 82]. Longitudinal
analyses would help to illuminate such temporal processes and associated factors.

Implications for teacher education

As enthusiasm is important for both professional competence and health, validated results
from studies like ours should clearly be applied in teacher education. Our participants appar-
ently had remarkably high enthusiasm for teaching (M = 43.27, SD = 4.15; max. of 48). It
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would be very desirable to maintain high enthusiasm during their professional career, and to
identify reasons for any declines, as enthusiasm for teaching is also positively related to occu-
pational commitment and negatively affecting the intention to quit teacher education, and
hence the profession. However, the working conditions at school often differ from pre-service
teachers’ expectations [86]. Some can only meet the various demands of teaching with great
emotional and personal effort because they have not learnt to apply appropriate coping strate-
gies [87]. The risk for emotional exhaustion and burnout is high for these teachers, but enthu-
siasm can help to meet these demands already in the first phase of teacher education, as is
shown in this study. Thus, it is important to identify ways to foster enthusiasm for teaching
during teacher education at university, and consideration of influential factors we identified
may be helpful.

Academic self-concept as well as intrinsic career choice motives are positively related to
enthusiasm for teaching, indicating that pre-service teachers with a positive academic self-con-
cept, and particularly intrinsic career choice motives, are more enthusiastic. Often, teacher
education does not explicitly address self-concept or career choice motives, despite their rele-
vance. Hence, teacher education courses should be adjusted to promote pre-service teachers’
frequent reflection on their motives for choosing the teaching profession. They should know
that there are intrinsic and extrinsic motives, which have differing relations to their enthusi-
asm. Moreover, pre-service teachers should be motivated to reflect on their perceptions of
their own performance and their emotions, for example with courses to improve knowledge of
emotions and its regulation as designed by Carstensen and colleagues [88], which can signifi-
cantly improve the well-being and health of pre- and in-service teachers [24, 88].

Finally, pre-service teachers should learn that good teachers require not only competence
but also health, and the importance of enthusiasm could be potentially clarified using the TPC
and JD-R models in teacher education.

Supporting information

S1 File. Instrument enthusiasm for teaching.
(DOCX)

S1 Dataset. Contains data of scales enthusiasm for teaching, intention to quit teacher edu-
cation, academic self-concept, career choice motives, emotional exhaustion, occupational
commitment, pedagogical content knowledge, and content knowledge.

(SAV)

Author Contributions

Conceptualization: Denise Bock.

Data curation: Denise Bock, Daniela Mahler.
Formal analysis: Denise Bock, Daniela Mahler.
Funding acquisition: Ute Harms.

Investigation: Daniela Mahler.

Methodology: Denise Bock, Daniela Mahler.
Project administration: Ute Harms.

Writing - original draft: Denise Bock, Ute Harms.

Writing - review & editing: Daniela Mahler.

PLOS ONE | https://doi.org/10.1371/journal.pone.0259888 November 18, 2021 12/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259888.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259888.s002
https://doi.org/10.1371/journal.pone.0259888

PLOS ONE

Dimensionality of pre-service teachers’ enthusiasm for teaching

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

Carver-Thomas D, Darling-Hammond L. Teacher turnover: Why it matters and what we can do about it.
Palo Alto, CA: Learning Policy Institute. 2017.

Ingersoll RM, May H. The magnitude, destinations, and determinants of mathematics and science
teacher turnover. Educ Eval Policy Anal. 2012; 34(4):435—-64. https://doi.org/10.3102/
0162373712454326

O’Brien P, Goddard R, Keeffe M. Burnout confirmed as a viable explanation for beginning teacher attri-
tion. In: Australian Association for Research in Education Annual Conference (AARE 2007). Research
Impacts: Proving or Improving?: 25—29 Nov 2007. Fremantle, Australia. 2008.

Weigi C. The structure of secondary school teacher job satisfaction and its relationship with attrition and
work enthusiasm. Chinese Education & Society. 2014; 40(5):17-31. https://doi.org/10.2753/CED1061-
1932400503

Baumert J, Kunter M. The COACTIV model of teachers’ professional competence. In: Kunter M, Bau-
mert J, Blum W, Klusmann U, Krauss S, Neubrand M, editors. Cognitive activation in the mathematics
classroom and professional competence of teachers: Results from the COACTIV project. Mathematics
teacher education. Vol 8. New York: Springer. 2013. p. 25-48.

Kunter M, Tsai Y-M, Klusmann U, Brunner M, Krauss S, Baumert J. Students’ and mathematics teach-
ers’ perceptions of teacher enthusiasm and instruction. Learn Instr. 2008; 18(5):468-82. https://doi.org/
10.1016/j.learninstruc.2008.06.008

Kunter M, Frenzel A, Nagy G, Baumert J, Pekrun R. Teacher enthusiasm: Dimensionality and context
specificity. Contemp Educ Psychol. 2011; 36(4):289-301. https://doi.org/10.1016/j.cedpsych.2011.07.
001

Frenzel AC, Becker-Kurz B, Pekrun R, Goetz T, Liidtke O. Emotion transmission in the classroom revis-
ited: A reciprocal effects model of teacher and student enjoyment. J Educ Psychol. 2018; 110(5).
https://doi.org/10.1037/edu0000228

Frenzel AC, Goetz T, Ludtke O, Pekrun R, Sutton RE. Emotional transmission in the classroom: Explor-
ing the relationship between teacher and student enjoyment. J Educ Psychol. 2009; 101(3):705-16.
https://doi.org/10.1037/a0014695

Keller MM, Neumann K, Fischer HE. Enthusiastic teaching and its impact on students’ interest and self-
concept: An investigation of German physics classrooms. In: Fischer HE, Labudde P, Neumann K, Viiri
J, editors. Quality of Instruction in Physics: Comparing Finland, Switzerland and Germany. Muinster:
Waxmann. 2014. p. 129-43.

Kim T, Schallert DL. Mediating effects of teacher enthusiasm and peer enthusiasm on students’ interest
in the college classroom. Contemp Educ Psychol. 2014; 39(2):134—44. https://doi.org/10.1016/.
cedpsych.2014.03.002

Patrick BC, Hisley J, Kempler T. “What'’s everybody so excited about?": The effects of teacher enthusi-
asm on student intrinsic motivation and vitality. J Exp Educ. 2000; 68(3):217-36. https://doi.org/10.
1080/00220970009600093

Baier F, Decker A-T, Voss T, Kleickmann T, Klusmann U, Kunter M. What makes a good teacher? The
relative importance of mathematics teachers’ cognitive ability, personality, knowledge, beliefs, and moti-
vation for instructional quality. Br J Educ Psychol. 2019; 89(4):767—-86. https://doi.org/10.1111/bjep.
12256 PMID: 30417329.

Feldman KA. Identifying exemplary teachers and teaching: Evidence from student ratings. In: Perry RP,
Smart JC, editors. The Scholarship of Teaching and Learning in Higher Education: An Evidence-Based
Perspective. Dordrecht: Springer. 2007. p. 93—-143.

Fortsch C, Werner S, Kotzebue L von, Neuhaus BJ. Effects of biology teachers’ professional knowledge
and cognitive activation on students’ achievement. Int J Sci Educ. 2016; 38(17):2642—66. https://doi.
org/10.1080/09500693.2016.1257170

Mahler D, GroBschedl! J, Harms U. Does motivation matter?: The relationship between teachers’ self-
efficacy and enthusiasm and students’ performance. PLoS One. 2018; 13(11):1-18. https://doi.org/10.
1371/journal.pone.0207252 PMID: 30462713.

Aldrup K, Klusmann U, Lidtke O. Does basic need satisfaction mediate the link between stress expo-
sure and well-being?: A diary study among beginning teachers. Learn Instr. 2017; 50:21-30. https://doi.
org/10.1016/j.learninstruc.2016.11.005

Hakanen JJ, Bakker AB, Schaufeli WB. Burnout and work engagement among teachers. J Sch Psychol.
2006; 43(6):495-513. https://doi.org/10.1016/j.jsp.2005.11.001

Klusmann U, Kunter M, Trautwein U, Lidtke O, Baumert J. Teachers’ occupational well-being and qual-
ity of instruction: The important role of self-regulatory patterns. J Educ Psychol. 2008; 100(3):702—-15.
https://doi.org/10.1037/0022-0663.100.3.702

PLOS ONE | https://doi.org/10.1371/journal.pone.0259888 November 18, 2021 13/17


https://doi.org/10.3102/0162373712454326
https://doi.org/10.3102/0162373712454326
https://doi.org/10.2753/CED1061-1932400503
https://doi.org/10.2753/CED1061-1932400503
https://doi.org/10.1016/j.learninstruc.2008.06.008
https://doi.org/10.1016/j.learninstruc.2008.06.008
https://doi.org/10.1016/j.cedpsych.2011.07.001
https://doi.org/10.1016/j.cedpsych.2011.07.001
https://doi.org/10.1037/edu0000228
https://doi.org/10.1037/a0014695
https://doi.org/10.1016/j.cedpsych.2014.03.002
https://doi.org/10.1016/j.cedpsych.2014.03.002
https://doi.org/10.1080/00220970009600093
https://doi.org/10.1080/00220970009600093
https://doi.org/10.1111/bjep.12256
https://doi.org/10.1111/bjep.12256
http://www.ncbi.nlm.nih.gov/pubmed/30417329
https://doi.org/10.1080/09500693.2016.1257170
https://doi.org/10.1080/09500693.2016.1257170
https://doi.org/10.1371/journal.pone.0207252
https://doi.org/10.1371/journal.pone.0207252
http://www.ncbi.nlm.nih.gov/pubmed/30462713
https://doi.org/10.1016/j.learninstruc.2016.11.005
https://doi.org/10.1016/j.learninstruc.2016.11.005
https://doi.org/10.1016/j.jsp.2005.11.001
https://doi.org/10.1037/0022-0663.100.3.702
https://doi.org/10.1371/journal.pone.0259888

PLOS ONE

Dimensionality of pre-service teachers’ enthusiasm for teaching

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Dicke T, Stebner F, Linninger C, Kunter M, Leutner D. A longitudinal study of teachers’ occupational
well-being: Applying the job demands-resources model. J Occup Health Psychol. 2018; 23(2):262—-77.
https://doi.org/10.1037/0cp0000070 PMID: 28150993.

Hoigaard R, Giske R, Sundsli K. Newly qualified teachers’ work engagement and teacher efficacy influ-
ences on job satisfaction, burnout, and the intention to quit. EJTE. 2012; 35(3):347-57. https://doi.org/
10.1080/02619768.2011.633993

Rumschlag KE. Teacher burnout: A quantitative analysis of emotional exhaustion, personal accom-
plishment, and depersonalization. International Management Review. 2017; 13(1):22-36.

Bermejo-Toro L, Prieto-Urstia M, Hernandez V. Towards a model of teacher well-being: Personal and
job resources involved in teacher burnout and engagement. Educ Psychol (Lond). 2015; 36(3):481—
501. https://doi.org/10.1080/01443410.2015.1005006

Aldrup K, Klusmann U, Lidtke O, Géllner R, Trautwein U. Student misbehavior and teacher well-being:
Testing the mediating role of the teacher-student relationship. Learn Instr. 2018; 58:126-36. https:/doi.
org/10.1016/j.learninstruc.2018.05.006

Keller MM, Becker ES, Frenzel AC, Taxer JL. When teacher enthusiasm is authentic or inauthentic:
Lesson profiles of teacher enthusiasm and relations to students’ emotions. AERA Open. 2018; 4(4):1—
16. https://doi.org/10.1177/2332858418782967

Darling-Hammond L. How teacher education matters. J Teach Educ. 2016; 51(3):166—73. https://doi.
org/10.1177/0022487100051003002

Dicke T, Parker PD, Holzberger D, Kunina-Habenicht O, Kunter M, Leutner D. Beginning teachers’ effi-
cacy and emotional exhaustion: Latent changes, reciprocity, and the influence of professional knowl-
edge. Contemp Educ Psychol. 2015; 41:62—72. https://doi.org/10.1016/j.cedpsych.2014.11.003

Hong JY. Why do some beginning teachers leave the school, and others stay?: Understanding teacher
resilience through psychological lenses. Teachers and Teaching. 2012; 18(4):417—-40. https://doi.org/
10.1080/13540602.2012.696044

Reichl C, Wach F-S, Spinath FM, Briinken R, Karbach J. Burnout risk among first-year teacher stu-
dents: The roles of personality and motivation. J Vocat Behav. 2014; 85(1):85-92. https://doi.org/10.
1016/j.jvb.2014.05.002

Bakker AB, Demerouti E. The Job Demands-Resources model: State of the art. Journal of Managerial
Psychology. 2007; 22(3):309-28. https://doi.org/10.1108/02683940710733115

Demerouti E, Bakker AB, Nachreiner F, Schaufeli WB. The job demands-resources model of burnout. J
Appl Psychol. 2001; 86(3):499-512. https://doi.org/10.1037/0021-9010.86.3.499 PMID: 11419809

Keller MM, Hoy AW, Goetz T, Frenzel AC. Teacher enthusiasm: Reviewing and redefining a complex
construct. Educ Psychol Rev. 2016; 28(4):743—69. https://doi.org/10.1007/s10648-015-9354-y

Mahler D, GroBschedl| J, Harms U. Opportunities to learn for teachers’ self-efficacy and enthusiasm.
Educ Res Int. 2017; 2017(1). https://doi.org/10.1155/2017/4698371

Collins ML. Effects of enthusiasm training on preservice elementary teachers. Research in Teacher
Education. 1978; 29(1):53-7.

Cui G, Yao M, Zhang X. The dampening effects of perceived teacher enthusiasm on class-related bore-
dom: The mediating role of perceived autonomy support and task value. Front Psychol. 2017; 8:400.
https://doi.org/10.3389/fpsyg.2017.00400 PMID: 28367134.

Frenzel AC, Taxer JL, Schwab C, Kuhbandner C. Independent and joint effects of teacher enthusiasm
and motivation on student motivation and experiences: A field experiment. Motiv Emot. 2019; 43
(2):255-65. https://doi.org/10.1007/s11031-018-9738-7

Rosenshine B. Enthusiastic teaching: A research review. The School Review. 1970; 78(4):499-514.
https://doi.org/10.1086/442929

Xanthopoulou D, Bakker AB, Demerouti E, Schaufeli WB. The role of personal resources in the job
demands-resources model. Int J Stress Manag. 2007; 14(2):121—41. https://doi.org/10.1037/1072-
5245.14.2.121

Xanthopoulou D, Bakker AB, Demerouti E, Schaufeli WB. Reciprocal relationships between job
resources, personal resources, and work engagement. J Vocat Behav. 2009; 74(3):235—44. https://doi.
org/10.1016/j.jvb.2008.11.003

Kunter M. Motivation as an aspect of professional competence: Research findings on teacher enthusi-
asm. In: Kunter M, Baumert J, Blum W, Klusmann U, Krauss S, Neubrand M, editors. Cognitive activa-
tion in the mathematics classroom and professional competence of teachers: Results from the
COACTIV project. Mathematics teacher education. Vol 8. New York: Springer. 2013. p. 273-89.

Shulman LS. Those Who Understand: Knowledge Growth in Teaching. Educ Res. 1986; 15(2):4—14.
https://doi.org/10.2307/1175860

PLOS ONE | https://doi.org/10.1371/journal.pone.0259888 November 18, 2021 14/17


https://doi.org/10.1037/ocp0000070
http://www.ncbi.nlm.nih.gov/pubmed/28150993
https://doi.org/10.1080/02619768.2011.633993
https://doi.org/10.1080/02619768.2011.633993
https://doi.org/10.1080/01443410.2015.1005006
https://doi.org/10.1016/j.learninstruc.2018.05.006
https://doi.org/10.1016/j.learninstruc.2018.05.006
https://doi.org/10.1177/2332858418782967
https://doi.org/10.1177/0022487100051003002
https://doi.org/10.1177/0022487100051003002
https://doi.org/10.1016/j.cedpsych.2014.11.003
https://doi.org/10.1080/13540602.2012.696044
https://doi.org/10.1080/13540602.2012.696044
https://doi.org/10.1016/j.jvb.2014.05.002
https://doi.org/10.1016/j.jvb.2014.05.002
https://doi.org/10.1108/02683940710733115
https://doi.org/10.1037/0021-9010.86.3.499
http://www.ncbi.nlm.nih.gov/pubmed/11419809
https://doi.org/10.1007/s10648-015-9354-y
https://doi.org/10.1155/2017/4698371
https://doi.org/10.3389/fpsyg.2017.00400
http://www.ncbi.nlm.nih.gov/pubmed/28367134
https://doi.org/10.1007/s11031-018-9738-7
https://doi.org/10.1086/442929
https://doi.org/10.1037/1072-5245.14.2.121
https://doi.org/10.1037/1072-5245.14.2.121
https://doi.org/10.1016/j.jvb.2008.11.003
https://doi.org/10.1016/j.jvb.2008.11.003
https://doi.org/10.2307/1175860
https://doi.org/10.1371/journal.pone.0259888

PLOS ONE

Dimensionality of pre-service teachers’ enthusiasm for teaching

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

Sorensen LC, Ladd HF. The hidden costs of teacher turnover. AERA Open. 2020; 6(1—
24):233285842090581. https://doi.org/10.1177/2332858420905812

Shulman L. Knowledge and teaching: Foundations of the new reform. Harv Educ Rev. 1987; 57(1):1—
28. https://doi.org/10.17763/haer.57.1.j463w79r56455411

Neumann K, Kind V, Harms U. Probing the amalgam: The relationship between science teachers’ con-
tent, pedagogical and pedagogical content knowledge. Int J Sci Educ. 2017; 41(7):847—-61. https://doi.
org/10.1080/09500693.2018.1497217

Baumert J, Kunter M, Blum W, Brunner M, Voss T, Jordan A, et al. Teachers’ Mathematical Knowledge,
Cognitive Activation in the Classroom, and Student Progress. Am Educ Res J. 2010; 47(1):133-80.
https://doi.org/10.3102/0002831209345157

Keller MM, Neumann K, Fischer HE. The impact of physics teachers’ pedagogical content knowledge
and motivation on students’ achievement and interest. J Res Sci Teach. 2017; 54(5):586—614. https://
doi.org/10.1002/tea.21378

Lange K, Ohle A, Kleickmann T, Kauertz A, Méller K, Fischer HE. Zur Bedeutung von Fachwissen und
fachdidaktischem Wissen fiir Lernfortschritte von Grundschiilerinnen und Grundschilern im naturwis-
senschaftlichen Sachunterricht. Zeitschrift fir Grundschulforschung. 2015; 8(1):23-38. German.

Sadler PM, Sonnert G, Coyle HP, Cook-Smith N, Miller JL. The influence of teachers’ knowledge on stu-
dent learning in middle school physical science Classrooms. Am Educ Res J. 2013; 50(5):1020—49.
https://doi.org/10.3102/0002831213477680

Hohenstein F, Kleickmann T, Zimmermann F, Kéller O, Méller J. Erfassung von padagogischem und
psychologischem Wissen in der Lehramtsausbildung: Entwicklung eines Messinstruments. Zeitschrift
fur Padagogik. 2017; 63(1):91-113. German.

Paulick I, GroBschedl J, Harms U, Méller J. Preservice teachers’ professional knowledge and its relation
to academic self-concept. J Teach Educ. 2016; 67(3):173-82. https://doi.org/10.1177/
0022487116639263

Kunter M, Kleickmann T, Klusmann U, Richter D. The development of teachers’ professional compe-
tence. In: Kunter M, Baumert J, Blum W, Klusmann U, Krauss S, Neubrand M, editors. Cognitive activa-
tion in the mathematics classroom and professional competence of teachers: Results from the
COACTIV project. Mathematics teacher education. Vol 8. New York: Springer. 2013. p. 63-77.

Friedman IA, Farber BA. Professional self-concept as a predictor of teacher burnout. J Educ Res. 1992;
86(1):28—35. https://doi.org/10.1080/00220671.1992.9941824

Deci EL, Ryan RM. The "What" and "Why" of goal pursuits: Human needs and the self-determination of
behavior. Psychol Ing. 2000; 11(4):227-68. https://doi.org/10.1207/S15327965PLI1104_01.

Lohbeck A, Hagenauer G, Frenzel AC. Teachers’ self-concepts and emotions: Conceptualization and
relations. Teach Teach Educ. 2018; 70:111-20. https://doi.org/10.1016/j.tate.2017.11.001

Pohlmann B, Méller J. Fragebogen zur Erfassung der Motivation fiir die Wahl des Lehramtsstudiums
(FEMOLA). Zeitschrift fur Padagogische Psychologie. 2010; 24(1):73-84. German. https://doi.org/10.
1024/1010-0652/a000005

Watt HMG, Richardson PW. Motivational factors influencing teaching as a career choice: Development
and validation of the FIT-choice scale. J Exp Educ. 2007; 75(3):167-202. https://doi.org/10.3200/JEXE.
75.3.167-202

Dérrenbacher-Ulrich L, Biermann A, Briinken R, Perels F. Studienwahimotivation von Lehramtsstudier-
enden und Aspekte ihrer professionellen Kompetenz. Z Entwicklungspsychol Padagog Psychol. 2019;
51(1):45-61. German. hitps://doi.org/10.1026/0049-8637/a000208

Kénig J, Rothland M. Motivations for choosing teaching as a career: Effects on general pedagogical
knowledge during initial teacher education. Asia-Pacific Journal of Teacher Education. 2012; 40
(3):289-315. https://doi.org/10.1080/1359866X.2012.700045

Kieschke U, Schaarschmidt U. Professional commitment and health among teachers in Germany: A
typological approach. Learn Instr. 2008; 18(5):429-37. https://doi.org/10.1016/j.learninstruc.2008.06.
005

Bleck V. Lehrerenthusiasmus [dissertation]. Kassel (Germany): Universitat Kassel. 2019. German.

Jo SH. Teacher commitment: Exploring associations with relationships and emotions. Teach Teach
Educ. 2014; 43:120-30. https://doi.org/10.1016/j.tate.2014.07.004

Klassen RM, Chiu MM. The occupational commitment and intention to quit of practicing and pre-service
teachers: Influence of self-efficacy, job stress, and teaching context. Contemp Educ Psychol. 2011; 36
(2):114-29. https://doi.org/10.1016/j.cedpsych.2011.01.002

Chang M-L. An appraisal perspective of teacher burnout: Examining the emotional work of teachers.
Educ Psychol Rev. 2009; 21(3):193-218. https://doi.org/10.1007/s10648-009-9106-y

PLOS ONE | https://doi.org/10.1371/journal.pone.0259888 November 18, 2021 15/17


https://doi.org/10.1177/2332858420905812
https://doi.org/10.17763/haer.57.1.j463w79r56455411
https://doi.org/10.1080/09500693.2018.1497217
https://doi.org/10.1080/09500693.2018.1497217
https://doi.org/10.3102/0002831209345157
https://doi.org/10.1002/tea.21378
https://doi.org/10.1002/tea.21378
https://doi.org/10.3102/0002831213477680
https://doi.org/10.1177/0022487116639263
https://doi.org/10.1177/0022487116639263
https://doi.org/10.1080/00220671.1992.9941824
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1016/j.tate.2017.11.001
https://doi.org/10.1024/1010-0652/a000005
https://doi.org/10.1024/1010-0652/a000005
https://doi.org/10.3200/JEXE.75.3.167%26%23x2013%3B202
https://doi.org/10.3200/JEXE.75.3.167%26%23x2013%3B202
https://doi.org/10.1026/0049-8637/a000208
https://doi.org/10.1080/1359866X.2012.700045
https://doi.org/10.1016/j.learninstruc.2008.06.005
https://doi.org/10.1016/j.learninstruc.2008.06.005
https://doi.org/10.1016/j.tate.2014.07.004
https://doi.org/10.1016/j.cedpsych.2011.01.002
https://doi.org/10.1007/s10648-009-9106-y
https://doi.org/10.1371/journal.pone.0259888

PLOS ONE

Dimensionality of pre-service teachers’ enthusiasm for teaching

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Friedman IA. Burnout in teachers: Shattered dreams of impeccable professional performance. J Clin
Psychol. 2000; 56(5):595-606. https://doi.org/10.1002/(sici)1097-4679(200005)56:5<595::aid-jclp2>3.
0.co;2-q PMID: 10852147

Klusmann U, Richter D, Ludtke O. Teachers’ emotional exhaustion is negatively related to students’
achievement: Evidence from a large-scale assessment study. J Educ Psychol. 2016; 108(8):1193—203.
https://doi.org/10.1037/edu0000125

Meyer JP, Allen NJ, Smith CA. Commitment to organizations and occupations: Extension and test of a
three-component conceptualization. J Appl Psychol. 1993; 78(4):538-51. hitps://doi.org/10.1037/0021-
9010.78.4.538

GroBschedl J, Harms U, Kleickmann T, Glowinski I. Preservice biology teachers’ professional knowl-
edge: Structure and learning opportunities. J Sci Teacher Educ. 2017; 26(3):291-318. https://doi.org/
10.1007/s10972-015-9423-6

Bruckermann T, Ochsen F, Mahler D. Learning opportunities in biology teacher education contribute to
understanding of nature of science. Educ Sci (Basel). 2018;8(3). https://doi.org/10.3390/
educsci8030103

Kleickmann T, GroBschedl J, Harms U, Heinze A, Herzog S, Hohenstein F, et al. Professionswissen
von Lehramtsstudierenden der mathematisch-naturwissenschaftlichen Facher: Testentwicklung im
Rahmen des Projekts KiL. Unterrichtswissenschaft. 2014; 42(3):280-28. German.

Warm TA. Weighted likelihood estimation of ability in item response theory. Psychometrika. 1989; 54
(3):427-50. https://doi.org/10.1007/BF02294627

Robitzsch A, Kiefer T, Wu M. TAM:Test Analysis Modules: R package version 3.5-19 [software]. 2020
[cited 2021 Apr 18]. Available from: https://CRAN.R-project.org/package=TAM.

GroB3schedl J, Mahler D, Harms U. Construction and evaluation of an instrument to measure content
knowledge in biology: The CK-IBI. Educ Sci (Basel). 2018; 8:1-25. https://doi.org/10.3390/
educsci8030145

GroBschedl J, Welter V, Harms U. A new instrument for measuring pre-service biology teachers’ peda-
gogical content knowledge: The PCK-IBI. J Res Sci Teach. 2019; 56(4):402-39. https://doi.org/10.
1002/tea.21482

Retelsdorf J, Bauer J, Gebauer SK, Kauper T, Moller J. Erfassung berufsbezogener Selbstkonzepte
von angehenden Lehrkraften (ERBSE-L). Diagnostica. 2014; 60(2):98—-110. German. https://doi.org/
10.1026/0012-1924/a000108

Maslach C, Jackson SE, Leiter MP. Maslach Burnout Inventory: Manual. Palo Alto: Consulting Psy-
chologists Press. 1996.

Baumert J, Blum W, Brunner M, Dubberke T, Jordan A, Klusmann U, et al. Professionswissen von
Lehrkréaften, kognitiv aktivierender Mathematikunterricht und die Entwicklung von mathematischer
Kompetenz (COACTIV): Dokumentation der Erhebungsinstrumente. Materialien aus der Bildungs-
forschung, Nr. 83. Berlin: Max-Planck-Institut fir Bildungsforschung. 2008. German.

Muthén LK, Muthén BO. Mplus: Version 8.5 [software]. 1998-2020 [cited 2021 Apr 21]. Available from:
https://www.statmodel.com/.

GroBschedl J, Mahler D, Kleickmann T, Harms U. Content-Related Knowledge of Biology Teachers
from Secondary Schools: Structure and learning opportunities. Int J Sci Educ. 2014; 36(14):2335-66.
https://doi.org/10.1080/09500693.2014.923949

Sorge S, Keller MM, Neumann K, Méller J. Investigating the relationship between pre-service physics
teachers’ professional knowledge, self-concept, and interest. J Res Sci Teach. 2019; 56(7):937-55.
https://doi.org/10.1002/tea.21534

Mahler D, GroBschedl J, Harms U. Using doubly latent multilevel analysis to elucidate relationships
between science teachers’ professional knowledge and students’ performance. Int J Sci Educ. 2017; 39
(2):213-37. https://doi.org/10.1080/09500693.2016.1276641

Baumert J, Kunter M. The effect of content knowledge and paedagogical content knowledge on instruc-
tional quality and student achievement. In: Kunter M, Baumert J, Blum W, Klusmann U, Krauss S, Neu-
brand, editors. Cognitive activation in the mathematics classroom and professional competence of
teachers: Results from the COACTIV project. Mathematics teacher education. Vol 8. New York:
Springer. 2013. p. 175-205.

Biermann A, Dorrenbacher-Ulrich L, Grassmé |, Perels F, Glaser-Zikuda M, Brinken R. Hoch motiviert,
engagiert und kompetent: Eine profilanalytische Untersuchung zur Studien- und Berufswahimotivation
von Lehramtsstudierenden. Zeitschrift fir Padagogische Psychologie. 2019; 33(3—4):177-89. German.
https://doi.org/10.1024/1010-0652/a000242

Kénig J, Drahmann M, Rothland M. Motivprofile von Studierenden zu Beginn der Lehrerbildung. Zeit-
schrift fir Bildungsforschung. 2018; 8(2):153-71. German. https://doi.org/10.1007/s35834-018-0212-0

PLOS ONE | https://doi.org/10.1371/journal.pone.0259888 November 18, 2021 16/17


https://doi.org/10.1002/%28sici%291097-4679%28200005%2956%3A5%26lt%3B595%3A%3Aaid-jclp2%26gt%3B3.0.co%3B2-q
https://doi.org/10.1002/%28sici%291097-4679%28200005%2956%3A5%26lt%3B595%3A%3Aaid-jclp2%26gt%3B3.0.co%3B2-q
http://www.ncbi.nlm.nih.gov/pubmed/10852147
https://doi.org/10.1037/edu0000125
https://doi.org/10.1037/0021-9010.78.4.538
https://doi.org/10.1037/0021-9010.78.4.538
https://doi.org/10.1007/s10972-015-9423-6
https://doi.org/10.1007/s10972-015-9423-6
https://doi.org/10.3390/educsci8030103
https://doi.org/10.3390/educsci8030103
https://doi.org/10.1007/BF02294627
https://CRAN.R-project.org/package=TAM
https://doi.org/10.3390/educsci8030145
https://doi.org/10.3390/educsci8030145
https://doi.org/10.1002/tea.21482
https://doi.org/10.1002/tea.21482
https://doi.org/10.1026/0012-1924/a000108
https://doi.org/10.1026/0012-1924/a000108
https://www.statmodel.com/
https://doi.org/10.1080/09500693.2014.923949
https://doi.org/10.1002/tea.21534
https://doi.org/10.1080/09500693.2016.1276641
https://doi.org/10.1024/1010-0652/a000242
https://doi.org/10.1007/s35834-018-0212-0
https://doi.org/10.1371/journal.pone.0259888

PLOS ONE

Dimensionality of pre-service teachers’ enthusiasm for teaching

84.

85.

86.

87.

88.

Podsakoff PM, MacKenzie SB, Lee J-Y, Podsakoff NP. Common method biases in behavioral research:
A critical review of the literature and recommended remedies. J Appl Psychol. 2003; 88(5):879-9083.
https://doi.org/10.1037/0021-9010.88.5.879 PMID: 14516251.

Kénig J, Rothland M, Tachtsoglou S, Klemenz S. Comparing the change of teaching motivations
among preservice teachers in Austria, Germany, and Switzerland: Do in-school learning opportunities
matter? IJHE. 2016; 5(3). https://doi.org/10.5430/ijhe.v5n3p91

Dicke T, Holzberger D, Kunina-Habenicht O, Linninger C, Schulze-Stocker F. ,Doppelter Prax-
isschock”auf dem Weg ins Lehramt?: Verlauf und potenzielle Einflussfaktoren emotionaler Erschépfung
wéhrend des Vorbereitungsdienstes und nach dem Berufseintritt. Psychologie in Erziehung und Unter-
richt. 2016; 63(4):244-57. German. https://doi.org/10.2378/peu2016.art20d

Rémer J, Rothland M, Straub S. Bedingungsfaktoren des Beanspruchungserlebens von Lehramtsstu-
dierenden im Praxissemester. In: Kdnig J, Rothland M, Schaper N, editors. Learning to Practice, Learn-
ing to Reflect?: Ergebnisse aus der Langsschnittstudie LtP zur Nutzung und Wirkung des
Praxissemesters in der Lehrerbildung. Wiesbaden: Springer. 2018. p. 265-86. German.

Carstensen B, Koéller M, Klusmann U. Férderung sozial-emotionaler Kompetenz von angehenden
Lehrkraften. Z Entwicklungspsychol Padagog Psychol. 2019; 51(1):1-15. German. https://doi.org/10.
1026/0049-8637/a000205

PLOS ONE | https://doi.org/10.1371/journal.pone.0259888 November 18, 2021 17/17


https://doi.org/10.1037/0021-9010.88.5.879
http://www.ncbi.nlm.nih.gov/pubmed/14516251
https://doi.org/10.5430/ijhe.v5n3p91
https://doi.org/10.2378/peu2016.art20d
https://doi.org/10.1026/0049-8637/a000205
https://doi.org/10.1026/0049-8637/a000205
https://doi.org/10.1371/journal.pone.0259888

