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Introduction: Teachers need research competence to reflect on their teaching 
and to interpret and implement research-based recommendations. However, 
many pre-service teachers have critical attitudes toward research, little motivation 
to engage in research, and comparatively low knowledge of research methods 
and thereby consequently indicating a low research competence. Flexible online 
modules in university teaching could be a promising approach to address these 
issues. Online modules can potentially promote self-determined motivation, but 
should be sufficiently structured to support learners’ need for competence.

Methods: We designed two learning environments with different types of 
structure: a non-restrictive structured environment and a restrictive structured 
environment. A total of N = 108 pre-service biology teachers were randomly 
assigned to the two learning environments.

Results and discussion: Contrary to our assumption, the restrictive type of 
structure of the learning environment did not lead to a higher perception of 
competence. This might be a consequence of external pressure, for example, the 
examination at the end of the course. Regarding pre-service teachers’ research 
competence, we found a decrease in the affective-motivational domain and an 
increase in the cognitive domain in both learning environments. These results 
suggest that fostering pre-service teachers’ research competence should focus 
on the affective-motivational domain. In order to positively affect this domain, 
care must be taken to ensure that structuring elements are not experienced as 
control and that given choices are meaningful to students.
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1. Introduction

Schools and universities are responsible for preparing learners for working with data. 
Learners should be able to evaluate empirical results and analyze, present, and interpret data. 
The respective competence profile provides a basis for evidence-based decisions (Humpert et al., 
2006) and is known as research competence (Wessels et al., 2018). Research competence is not 
a clearly defined term. It is usually interpreted in subject-specific terms (Thiel and Böttcher, 
2014; Gess et al., 2017) and is a relatively new goal of teacher education (OECD, 2005). In 
German teacher education, research competence is considered an objective of higher education 
(The German Science and Humanities Council, 2006) and an integral part of teachers’ 
professional competence (MSW NRW, 2010). It ensures that (pre-service) teachers can interpret 
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scientific sources and studies (e.g., PISA, TIMSS, Hattie study; Fichten 
and Meyer, 2014), act competently in the classroom, make objective, 
reliable, and valid assessments of students’ performance (Humpert 
et  al., 2006; Mandinach and Gummer, 2016; KMK, 2019b), and 
continuously develop teaching quality (e.g., see Johnson et al., 2014).

Research shows that students as well as pre-service teachers find 
university courses on research methodology, which is needed to 
be competent in research, uninteresting, irrelevant, challenging, and 
have a poor attitude toward research (Vittengl et al., 2004; Spronken-
Smith, 2005; Ball and Pelco, 2006; Braguglia and Jackson, 2012; Earley, 
2014). Previous findings show that students lack motivation and 
mathematical skills and display a critical attitude toward doing 
research (Stark and Mandl, 2000). If research competence is a goal of 
teacher education, learning opportunities must be  integrated into 
teacher education programs (Hochschulrektorenkonferenz (HRK), 
Kultusministerkonferenz (KMK), Bundesministerium für Bildung 
und Forschung (BMBF), 2017) to help overcome these problems. 
Fostering self-determined learning processes could be a beneficial 
approach as it increases motivation, engagement, and learning 
performance (see Ryan and Deci, 2017). This could be  done for 
example by using online modules that allow flexible learning.

Online modules allow pre-service teachers to access content 
individually, regardless of time, and as often as needed (Naidu, 2017) and 
promote the experience of meaningful choice in engaging with content. 
This form of autonomous learning, however, can lead to distractions, 
disorientation, and can be overwhelming to learners (van Loon et al., 
2012). Structuring the learning environment can help to avoid such 
feelings and is crucial in promoting learners’ perceptions of competence 
(Jang et al., 2010). However, structuring the learning environment can 
be perceived as controlling and can negatively affect the satisfaction of 
the two basic needs for competence and autonomy and, in turn, learning 
(Eckes et al., 2018). To investigate our assumptions, we designed two 
learning environments dealing with research methodologies that differ 
in their degree of structure: a non-restrictive structured environment and 
a restrictive structured environment.

2. Theoretical framework

2.1. Research competence

In the 1990s, the instruction paradigm for higher education 
shifted from teaching to learning (Barr and Tagg, 1995), meaning that 
students are expected to construct their knowledge rather than receive 
content. In 1999, this shift was documented by the Bologna 
Declaration for the European Universities (Bologna Process 
Committee, 1999) and is expressed in the concept of competence. 
Klieme and Leutner (2006) describe competence as a behavioral 
disposition (cognitive domain) that can be trained in the sense of skills 
(see also Koeppen et al., 2008). Weinert (2001) expands this definition 
and includes abilities in the affective-motivational domain. This 
holistic concept of competence refers to the ability and willingness to 
meet the challenges of a situation. In the context of teachers’ 
professional research, Baumert and Kunter (2013) build on Weinert’s 
(2001) model. Here, teachers’ professional competence is defined as a 
profession-related “amalgam” of abilities in the affective-motivational 
and cognitive domains. The abilities in the affective-motivational 

domain describe the motivational orientations and self-regulatory 
abilities of (pre-service) teachers. These abilities are related to 
classroom actions and the management of one’s own resources 
(Baumert and Kunter, 2013). A teacher’s motivation and passion for 
her profession and subject can impact learners and their performance 
(Kunter et al., 2020). Responsible management of one’s resources is 
important for teachers because it can affect the quality of the 
profession, the quality of teaching, and the length of time in the 
profession (Baumert and Kunter, 2013). The abilities of the affective-
motivational domain of research competence have only been 
investigated in a few studies in previous research (Deicke et al., 2014; 
Schumacher, 2020; Wessels et  al., 2020). The cognitive domain 
describes the professional knowledge of (pre-service) teachers. A 
teacher’s professional and competent action is shown in an appropriate 
assessment and analysis of situations as well as subsequent reflection 
(Kunter, 2011) and is taught in the framework of teacher training 
(MSW NRW, 2010; KMK, 2019a).

Research competence refers to this concept that encompasses a 
range of knowledge, attitudes, and behaviors that are essential for 
successful research (Wessels et  al., 2018). Research competence 
includes skills such as critical thinking, ethical reasoning, and the 
ability to effectively communicate research findings (see Böttcher and 
Thiel, 2018; Mkrttchian and Belyanina, 2018). Related to research 
competence is research engagement, which Borg (2010) defines as a 
link between “engagement in research,” which means, for example, 
doing research, and “engagement with research,” which means, for 
example, reading and using research.

Studies on research competence primarily focused on cognitive 
learnable abilities (according to Klieme and Leutner, 2006; Böttcher 
and Thiel, 2017; Gess et al., 2019), and the results demonstrated an 
increase in the cognitive domain after participating in a research 
course (Böttcher and Thiel, 2017). The interaction of abilities in the 
affective-motivational and cognitive domains is relevant for the 
formation of (research) competence (Blömeke et al., 2015; Zlatkin-
Troitschanskaia et al., 2015), influences performance and coping with 
professional demands (Kunter et al., 2013) and, thus, supports action 
in practice (Baumert and Kunter, 2013). Previous studies find an 
increase in student knowledge and a decrease in students’ attitudes 
toward research after a research methods course (Sizemore and 
Lewandowski, 2009; Wessels et al., 2020). To optimally support the 
cognitive learning process and counteract a decrease in motivational 
variables, measures can be  implemented to foster motivation in 
dealing with research content. Such measures can be derived from 
self-determination theory (Ryan and Deci, 2017), which will 
be discussed in the following section.

2.2. Basic psychological needs

Self-determination theory (SDT; Ryan and Deci, 2017) 
distinguishes extrinsic and intrinsic motivation. Extrinsically 
motivated behavior is performed with instrumental purpose and is 
characterized by pursuing goals independent of the action. 
Intrinsically motivated behavior reflects actions with the sole 
purpose of performing the action (Ryan and Deci, 2017, 2020). In 
these actions, individuals perceive an internal locus of causality 
(Ryan and Deci, 2017, 2020). The experience of pleasure and interest 
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sustains intrinsic motivation (Ryan and Deci, 2002). Regarding SDT 
(Ryan and Deci, 2017), long-lasting and sustainable learning is based 
on self-determined motivation. Self-determined motivational 
qualities (such as intrinsic motivation) lead to higher engagement 
and better learning performance (Reeve and Jang, 2006; Ryan and 
Deci, 2017). SDT (Ryan and Deci, 2017) assumes that satisfying 
basic psychological needs is a precondition for self-determined 
motivation, for example, while learning. Two of these basic 
psychological needs are relevant to our study: the need for 
competence and autonomy (Ryan and Deci, 2017, 2020). The need 
for competence describes the individual’s desire to experience and 
improve one’s abilities through interaction with the environment 
(Ryan and Deci, 2017, 2020). The need for autonomy describes the 
desire to perform actions voluntarily, to be  the origin of one’s 
actions, and to feel that one has a choice (Reeve et al., 2003; Ryan 
and Deci, 2017). Although, for a long time, only the satisfaction of 
these needs was considered, recent findings suggest that it is also 
important to consider the frustration of these needs (Heissel et al., 
2018). This perspective arises from the fact that satisfaction and 
frustration are not a one-dimensional construct and do not act 
contrarily to each other (Heissel et al., 2018).

SDT suggests designing measures according to the 
abovementioned needs to support motivational variables in the 
learning process, such as acquiring research competence. To support 
the need for competence, the learning environment must provide 
sufficient structure (Jang et al., 2010; Ryan and Deci, 2017). Structure 
is of special importance for learning environments that address 
complex content. If such learning environments provide too little 
structure, they can evoke disorientation, create distractions, and 
overwhelm learners (van Loon et al., 2012). However, if the structure 
is perceived as control, it can negatively impact perceptions of 
autonomy and self-determined motivation (Jang et al., 2010; Eckes 
et al., 2018). Based on these assumptions, we investigated the following 
research question:

Do differently structured learning environments impact the 
development of research competence in pre-service biology teachers?

Based on the theoretical background, the following hypotheses 
can be derived:

H1: Pre-service teachers who receive restrictive structure express 
a higher self-assessed affective-motivational domain of research 
competence than students who receive non-restrictive structure.

H2: Pre-service teachers who receive restrictive structure express 
a higher self-assessed cognitive domain of research competence 
than students who receive non-restrictive structure.

H3: Pre-service teachers who receive restrictive structure perceive 
a higher satisfaction of their needs for autonomy and competence 
than students who receive non-restrictive structure.

H4: Pre-service teachers who receive restrictive structure perceive 
a lower frustration of their needs for autonomy and competence 
than students who receive non-restrictive structure.

3. Materials and methods

3.1. Sample

The study was conducted as part of a biology education 
postgraduate module in the master’s program at a German university. 
Data were collected from the summer semester of 2020 to the summer 
semester of 2021. Participants gave their consent to use their 
anonymous data for scientific purposes. Longitudinal data from 
N = 108 pre-service biology teachers (Mage = 25.33 years, 
SDage = 3.89 years; Msemester = 2.81, SDsemester = 1.01; 82.4% female, 0.9% 
diverse, 1.9% gender not specified) were analyzed. The non-restrictive 
structured group consisted of 56 pre-service teachers 
(Mage = 25.30 years, SDage = 3.31 years; Msemester = 2.88, SDsemester = 0.94; 
82.1% female, 1.8% diverse, 3.6% gender not specified) whereas 52 
pre-service teachers were part of the restrictive structured group 
(Mage = 25.37 years, SDage = 4.46 years; Msemester = 2.73, SDsemester = 1.09; 
82.7% female).

3.2. Study design and procedure

The developed research course was first examined in the current 
study. All investigated pre-service teachers took part in this course. 
In the research course, the pre-service teachers learned about the 
theoretical background of empirical research. Moreover, the course 
contained research methods and insights into subject-specific 
research. Thus, the pre-service teachers had the chance to learn 
about research methods and to develop research competence. The 
content was taught digitally with the help of online modules 
(asynchronous). Before the start of the course, the pre-service 
biology teachers were randomly assigned to two learning 
environments (treatments): non-restrictive structured or restrictive 
structured. Both groups worked with online modules, providing 
learning opportunities on biology education research methodology. 
Each module consisted of multiple sequences. Between each 
sequence, content-based questions were positioned. In the 
restrictive structured treatment, the pre-service teachers could not 
proceed to the following sequence until answering the questions 
correctly (in the sense of mastery-learning; Bloom, 1978). The tasks 
were repeated as often as necessary until they were solved correctly. 
The non-restrictive structured group worked with the same 
modules, but the questions did not have to be answered (correctly) 
to proceed to the following sequence. The pre-service teachers in 
this group were also able to answer the content questions as many 
times as they wanted.

This quasi-experimental intervention study includes three 
measurement time points. Pre-service teachers’ self-assessed abilities 
in affective-motivational and cognitive domains were assessed in a 
pre-posttest design. Basic needs were assessed in the middle of the 
course (mid-term) and at the end (posttest). A research course lasted 
one semester (about 14 weeks). There were approximately eleven 
weeks between the pretest and the posttest. At the pretest and posttest, 
research competence was assessed using self-assessments and 
demographic data (pretest only). A mid-term survey for basic need 
satisfaction and frustration was administered approximately six weeks 
after the pretest.
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3.3. Measurements

The research competence was assessed by using two scales, each 
scale for one domain of research competence. For the affective-
motivational domain three subscales were used (see Table 1). The 
subscale finding joy in conducting research  of the affective-motivational 
domain was assessed with a 5-point rating scale (1 = “I do not enjoy 
this at all,” 5 = “I enjoy this very much”; Wessels et al., 2018). The other 
subscales (value-related interest in research, perceived benefits of 
research for practice) deployed a 5-point rating scale as well but with 
different wording (1 = “strongly disagree,” 5 = “strongly agree”; Wessels 
et al., 2018). These subscales were evaluated by Wessels et al. (2018) 
and were also used by Schumacher (2020) to evaluate pre-service 
biology teachers research competence after a long-term internship.

For the cognitive domain, we used the evaluated subscales (see 
Table  2) by Böttcher and Thiel (2018). The subscales deployed a 
5-point rating scale ranging from 1 = “strongly disagree” to 5 = 
“strongly agree” (Böttcher and Thiel, 2018).

The items of both domains the affective-motivational and the 
cognitive one were adapted to biology education (see Tables 1, 2; 
Böttcher and Thiel, 2018; Wessels et al., 2018).

To evaluate how the different learning environments 
(non-restrictive structured and restrictive structured) affect the basic 
psychological needs, we  assessed basic need satisfaction and 
frustration (mid-term survey and posttest) with four subscales 
(BPNSFS; Heissel et al., 2018). Theses scales are part of a validated 
German measurement instrument by Heissel et al. (2018). The items 
were rated on a 5-point rating scale (1 = “strongly disagree,” 
5 = “strongly agree”; Heissel et al., 2018) and adapted to the online 
modules (see Table 3).

All scales’ reliabilities were estimated using Cronbach’s alpha, 
which was found to be disputable to excellent (DeVellis and Thorpe, 
2022) and adequate for our analyses (Lienert and Raatz, 1998).

3.4. Data analyses

To investigate differences between the two treatments and 
different points in time (pretest and posttest), we  ran repeated 
measures multivariate analyses of variance (MANOVA) for each 
domain of research competence (affective-motivational and cognitive, 
respectively; H1 and H2). We also applied a MANOVA to investigate 
differences between the treatments regarding basic psychological need 
satisfaction and frustration (scale: BPNSFS) taking into account two 
time points of measurement (mid-term and posttest; H3 and H4). In a 
final step, we  used oneway t-tests to check whether the values in 
research competence differed significantly from the scale mean. That 
is, we checked whether the values were significantly above or below 
the scale average. Because of using multiple testing, we corrected the 
significance level according to Bonferroni-Holm for each domain of 
research competence separately.

4. Results

We investigated whether differently structured learning 
environments affect the development of research competence in 
pre-service biology teachers (H1 and H2). Repeated measures 

MANOVA showed no significant time x treatment effect in the 
affective-motivational domain, F(3, 103) = 1.16, p = 0.329, ηp

2 = 0.033, 
indicating that the treatment did not affect the affective-motivational 
domain of research competence over the time. However, repeated 
measures MANOVA showed a large significant main effect (Cohen, 
1988) of time on the affective-motivational domain of research 
competence, F(3, 103) = 5.93, p < 0.001, ηp

2 = 0.147. All affective-
motivational domain subscales decreased over time (see Table 4).

Repeated measures MANOVA showed no significant time x 
treatment effect in the cognitive domain as well, F(5, 102) = 0.58, 
p = 0.713, ηp

2 = 0.028, indicating that the treatment did not affect the 
cognitive domain of research competence over time. However, 
repeated measures MANOVA showed a large significant main effect 
(Cohen, 1988) of time on the cognitive domain of research 
competence, F(5, 102) = 19.57, p < 0.001, ηp

2 = 0.490. While the 
affective-motivational domain’s abilities decreased, the cognitive 
domain’s abilities increased (see Table 5).

Moreover, we  examined the effects of differently structured 
learning environments on pre-service biology teachers’ basic 
psychological need satisfaction and frustration (scale: BPNSFS; H3 and 
H4). In the mid-term survey, the MANOVA showed no statistically 
significant differences between the treatments in any of the four 
subscales, F(4, 103) = 1.28, p = 0.282, ηp

2 = 0.047 (see Table 6). This also 
applies to the posttest, F(4, 103) = 1.04, p = 0.389, ηp

2 = 0.039 (see 
Table 6).

Regarding the oneway t-tests for the affective-motivational 
domain of research competence, results show no significant differences 
from the scale average for finding joy in conducting research in the 
pre- and posttest. We further found that the subscales value-related 
interest in research (pretest Cohen’s d = 0.62; posttest Cohen’s d = 0.75) 
and perceived benefits of research for practice (pretest Cohen’s 
d = 0.53; posttest Cohen’s d = 0.58) were significantly higher than the 
scale average in the pre- and posttest with a medium effect (see 
Table 7).

Regarding the oneway t-tests for the cognitive domain of research 
competence we found that the subscales skills in reflecting on research 
finding (pretest Cohen’s d = 0.68; posttest Cohen’s d = 0.65) and 
communication skills (pretest Cohen’s d = 0.77; posttest Cohen’s 
d = 0.76) were significantly higher than the scale average in the pre- 
and posttest with a medium effect. For the subscale content knowledge, 
we  found significantly lower values than the scale average in the 
pretest with a medium effect (Cohen’s d = 0.64), but no difference from 
the scale average in the posttest. Regarding the subscales skills in 
reviewing the state of research and methodological skills, no 
significant differences from the scale average were found in the pretest, 
whereas significant differences occurred in the posttest. In the posttest, 
the values were significantly higher than the scale average with a 
medium effect (skills in reviewing the state of research: Cohen’s 
d = 0.79; methodological skills: Cohen’s d = 0.68; see Table 8).

5. Discussion

In our study, we  aimed to investigate whether differently 
structured learning environments affect the development of research 
competence in pre-service biology teachers (H1 and H2). Regarding 
the preconditions for developing research competence, we found that 
the degree of structure did not impact the pre-service teachers’ 
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perceived competence or autonomy in both the satisfaction and 
frustration scales (H3 and H4). We assumed that the content-based 
questions between the sequences of the online modules could provide 
additional guidance but might also be perceived as control, thereby 
affecting the experience of competence positively and that one of 
autonomy negatively (see Jang et al., 2010; Eckes et al., 2018). Such 
effects cannot be found in our data. Perceiving competence is the 

result of expressing and expanding one’s competencies in interacting 
with the environment (see Ryan and Deci, 2017). It might be that the 
online modules did not, or only to a small degree, allow such 
interaction. Furthermore, it could be that the pre-service teachers in 
the restrictive structured group experienced the structure as a kind of 
control and not as guidance in their learning process. However, this 
effect is rather unlikely, considering that the values for competence 

TABLE 4 Means, standard deviations, and the results of the univariate analyses of variance (F- and p-values) concerning the subscales of the affective-
motivational domain of research competence (main effect of time).

Subscales
Univariate Pretest Posttest

Fa p ηp
2 M SD M SD

Finding joy in conducting research 8.64 0.004 0.076 3.14 0.75 2.99 0.81

Value-related interest in research 7.49 0.007 0.067 3.52 0.62 3.37 0.75

Perceived benefits of research for practice 8.58 0.004 0.076 3.63 0.53 3.48 0.58

aUnivariate df = 1, 105. N = 107.

TABLE 1 List of scales used with sample item and Cronbach’s alpha (α) of pretest and posttest regarding affective-motivational domain of research 
competence.

Subscale (number of items) Time Example α
Finding joy in conducting research (11) Pretest

Posttest

I enjoy developing an own research question. 0.88

0.91

Value-related interest in research (6) Pretest

Posttest

Research in biology education contributes to solving current 

problems relevant to schools.

0.77

0.86

Perceived benefits of research for practice (6) Pretest

Posttest

Extensive scientific knowledge is important for coping with 

everyday school life.

0.66

0.77

TABLE 2 List of scales used with sample item and Cronbach’s alpha (α) of pretest and posttest regarding cognitive domain of research competence.

Subscale (number of items) Time Example α
Skills in reviewing the state of research (4) Pretest

Posttest

I know how and where to target a search of the state of research regarding 

biology education.

0.85

0.88

Methodological skills (7) Pretest

Posttest

I am able to plan a research process. 0.86

0.89

Skills in reflecting on research findings (5) Pretest

Posttest

I am able to adequately interpret my own research findings by relating them 

to key theories in biology education.

0.87

0.88

Communication skills (4) Pretest

Posttest

I can write up research findings in accordance with the current conventions 

in biology education.

0.77

0.81

Content knowledge (8) Pretest

Posttest

I have a good overview of the main (current) research findings in biology 

education.

0.87

0.89

TABLE 3 List of scales used with sample item and Cronbach’s alpha (α) of mid-term survey and posttest regarding BPNSFS.

Subscale (number of items) Time Example α
Autonomy satisfaction (4) Mid-term

Posttest

I feel a sense of choice and freedom in studying the online modules. 0.73

0.74

Autonomy frustration (4) Mid-term

Posttest

Most of the things in studying the online modules feel like “I have to.” 0.84

0.86

Competence satisfaction (4) Mid-term

Posttest

I feel confident that I can do things regarding the online modules well. 0.84

0.89

Competence frustration (4) Mid-term

Posttest

I have serious doubts about whether I can do things regarding the online 

modules well.

0.84

0.82

https://doi.org/10.3389/feduc.2023.1197938
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Gussen et al. 10.3389/feduc.2023.1197938

Frontiers in Education 06 frontiersin.org

TABLE 8 Results of tests for significant deviation of the mean values from the scale average (M = 3) of the subscales of the cognitive domain of research 
competence.

Subscales
Pretest Posttest

M SD t(107) p M SD t(107) p

Skills in reviewing the state of research 2.98 0.84 −0.29 >0.999 3.53 0.79 6.93 0.010

Methodological skills 3.13 0.65 2.02 0.138 3.41 0.68 6.25 0.010

Skills in reflecting on research findings 3.32 0.68 4.96 0.010 3.52 0.65 8.26 0.010

Communication skills 3.42 0.77 5.68 0.010 3.63 0.76 8.73 0.010

Content knowledge 2.20 0.64 −13.14 0.010 2.96 0.73 −0.52 >0.999

satisfaction in both groups studied were moderate (see Table 6). These 
values indicate that the pre-service teachers in both groups perceived 
themselves as moderately competent in dealing with the content what 
should be highlighted positively.

A possible reason why no effects were detected on autonomy 
satisfaction and frustration is that the needs for competence and 
autonomy are mutually dependent (Krapp, 2005; Ryan and Deci, 
2017). If no effects are found on one scale, no effects can be expected 

on the other scale. This can be explained as follows: To express and 
expand their competencies, individuals need autonomy (Krapp, 2005; 
Ryan and Deci, 2017). At the same time, autonomy is only needed if 
the individual possesses corresponding competencies (Krapp, 2005; 
Ryan and Deci, 2017). In our study, one might have expected that the 
pre-service teachers in the non-restrictive structured environment 
express a higher perception of autonomy since they had choices about 
their learning process. Apparently, the provided choice was not 

TABLE 6 Means and standard deviations of the subscales of the BPNSFS in the middle (mid-term survey) and at the end of the course (posttest) for each 
treatment.

Subscales Mid-term Posttest

Non-restrictive 
structured

Restrictive structured Non-restrictive 
structured

Restrictive structured

M SD M SD M SD M SD

Autonomy satisfaction 2.25 0.74 2.21 0.71 2.31 0.73 2.19 0.74

Autonomy frustration 3.78 0.69 3.73 0.83 3.68 0.90 3.66 1.01

Competence satisfaction 3.05 0.83 3.27 0.72 3.16 0.85 3.30 0.79

Competence frustration 2.72 0.85 2.37 0.81 2.52 0.90 2.23 0.75

Non-restrictive structured: n = 56; Restrictive structured: n = 52.

TABLE 7 Results of tests for significant deviation of the mean values from the scale average (M = 3) of the subscales of the affective-motivational domain 
of research competence.

Subscales Pretest Posttest

M SD t(107) p M SD t(107) p

Finding joy in conducting research 3.14 0.75 1.98 0.100 2.99 0.81 −0.16 0.872

Value-related interest in research 3.52 0.62 8.83 0.006 3.37 0.75 5.16 0.006

Perceived benefits of research for practice 3.63 0.53 12.55 0.006 3.48 0.58 8.69 0.006

TABLE 5 Means, standard deviations, and the results of the univariate analyses of variance (F- and p-values) concerning the subscales of the cognitive 
domain of research competence (main effect of time).

Subscales
Univariate Pretest Posttest

Fa p ηp
2 M SD M SD

Skills in reviewing the state of research 51.82 < 0.001 0.328 2.98 0.84 3.53 0.79

Methodological skills 17.65 < 0.001 0.143 3.13 0.65 3.41 0.68

Skills in reflecting on research findings 7.99 0.006 0.070 3.32 0.68 3.52 0.65

Communication skills 7.73 0.006 0.068 3.42 0.77 3.63 0.76

Content knowledge 91.12 < 0.001 0.462 2.20 0.64 2.96 0.73

aUnivariate df = 1, 106. N = 108.
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perceived as meaningful (see Katz and Assor, 2007). This might stem 
from the fact that the choice was merely whether and when the 
pre-service teachers wanted to learn the content and whether they 
wanted to test themselves between the sequences of the online 
modules. Thus, the pre-service teachers were not allowed to choose 
what they wanted to learn; in addition, they had to learn the content 
anyway for the examination at the end of the semester, which took 
place shortly after our last survey. At this point, the pre-service 
teachers may experience themselves just as competent as the 
pre-service teachers in the restrictive structured group since they no 
longer had a choice to postpone learning the content. The decreasing 
abilities in the affective-motivational and the increasing ones in the 
cognitive domain lend credence to this assumption. To design 
meaningful choices, the pre-service teachers should have been given 
freedom of choice regarding the task content or difficulty.

Regarding the development of research competence (H1 and H2), 
our study shows that the pre-service teachers’ self-assessed abilities in 
the affective-motivational domain decrease over time and increase in 
the cognitive domain (regardless of the treatment). Nevertheless, 
participants in our study rate their abilities in the affective-motivational 
domain as moderate in the pre- and posttest. This result is consistent 
with Schumacher (2020) findings on the affective-motivational domain 
in another sample of pre-service teachers. It should be emphasized that 
the pre-service biology teachers rated themselves significantly higher 
in the two subscales of the affective-motivational domain (value-
related interest in research and perceived benefits of research for 
practice) before and after the intervention compared to the scale 
average. The decline of self-assessed abilities in the affective-
motivational domain may be due to the perception that research is 
difficult to plan, complex, and open-ended. Pre-service teachers learn 
that the validity of results can be low and that results are (sometimes) 
only preliminary (Wessels et al., 2020). Moreover, the scientific work 
and statistical requirements present potential hurdles for pre-service 
teachers. Overcoming these hurdles could be complicated when having 
a lack of research methodological competence (Braguglia and Jackson, 
2012; Riewerts et al., 2018), low research-related motivation (Fichten, 
2010b), and a low interest in research (Vittengl et al., 2004; Braguglia 
and Jackson, 2012). Low motivation in dealing with research-related 
topics and low interest in these topics might stem from students 
perceiving the content of having little relevance to their future 
professional path (see Ryan and Deci, 2017). The increase in self-
assessed abilities in the cognitive domain (regardless of treatment) 
indicates that the pre-service teachers learned about research. This can 
be underscored by the oneway t-test that we calculated for the content 
knowledge subscale. In the pretest the pre-service teachers rated 
themselves significantly lower compared to the scale average, but this 
was not significant in the posttest. This is also confirmed by the results 
of the oneway t-test for the subscales skills in reviewing the state of 
research and methodological skills. In both subscales, the pre-service 
teachers rated themselves significantly higher in the posttest compared 
to the scale average.

6. Limitations and implications

Although our findings provide important starting points for 
further research and teaching, we must address our study’s limitations. 
A first limitation of this study is that the test instrument assessing 

research competence was based on the pre-service teachers’ self-
assessment, so bias may have occurred in their perceptions of their 
abilities. In future studies, a more objective measure, such as a 
knowledge performance test (pre- and posttest), should 
be implemented to check the adequacy of the pre-service teachers’ 
self-perception. Moreover, it should be taken into account that the 
posttest does not take place immediately before an exam in order to 
avoid that the exam preparation affects the findings.

Second, this study did not assess whether the pre-service biology 
teachers perceived the given freedom of choice as such, that is, 
whether the choice was meaningful for the pre-service biology 
teachers. Therefore, measures to assess the perceived meaningfulness 
of choices might be integrated in future research (Meyer-Ahrens and 
Wilde, 2013). Moreover, freedom of choice could be operationalized 
differently in future studies. Freedom of choice can be  given by 
choosing the context in which the content is taught, for example 
(practical vs. theoretical or the field of research) or by choosing the 
difficulty level of the tasks to assess one’s knowledge. With a special 
focus on structuring the learning environment and, consequently, the 
perception of competence, integrating other learning aids, such as 
prompts, could also be considered.

Last, recording the use of the online modules, for example, the 
time the pre-service teachers spent dealing with them, would have 
helped interpret our results more precisely. In the non-restrictive 
structured group, it might be  that the online modules were only 
clicked through, and the interim questions were not used for learning/
self-monitoring.

7. Conclusion and contribution to the 
teaching and learning

In both treatments, the affective-motivational domain of research 
competence was rated lower and the cognitive domain higher in the 
posttest. This could speak for the fact, that the online modules have 
affected the cognitive domain positively. However, no differences 
between the treatments were found. Differences could not be found 
for the pre-service teachers’ need satisfaction and frustration either. 
However, the moderate values that we  found for the pre-service 
teachers’ competence satisfaction indicate that the pre-service teachers 
in both groups (regardless of restriction) perceived themselves to 
be moderately competent in dealing with the content.

For teacher training, it can be  summarized that (pre-service) 
biology teachers should be sensitized to the relevance of statistical 
knowledge and research competence, as these can be useful for their 
(later) professional practice (see Braguglia and Jackson, 2012). 
Research competence can, for example, offer innovative perspectives 
for the further development of the educational system or enrich 
personal development (Albert, 2016) and contributes to the 
acquisition or sustainability of professionalism (see Fichten, 2010a; 
Altrichter and Soukup-Altrichter, 2014; Albert, 2016). One way to 
gain this competence might be for pre-service teachers conduct own 
research or carry out relevant elements of a research process. In this 
way, they might experience the relevance and usefulness for their later 
professional practice. In this way, perceived competence may 
be  fostered. Moreover, practical and specific content (relevant to 
schools) can lead to increased enjoyment of research (see Wessels 
et  al., 2020). Teacher education might therefore emphasize the 
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practical value of research competence, as this can also increase skills 
in the affective-motivational domain (see Wessels et al., 2020).
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