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The effects of autonomy-supportive and controlling teaching
behaviour in biology lessons with primary and secondary
experiences on students’ intrinsic motivation and flow-
experience
Natalia Hofferber, Melanie Basten*, Nadine Großmann and Matthias Wilde

Fakultät für Biologie – Biologiedidaktik, University of Bielefeld, Bielefeld, Germany

ABSTRACT
Self-Determination Theory and Flow Theory propose that perceived
autonomy fosters the positive qualities of motivation and flow-
experience. Autonomy-support can help to maintain students’
motivation in very interesting learning activities and may lead to
an increase in the positive qualities of motivation in less
interesting learning activities. This paper investigates whether
autonomy-supportive or controlling teaching behaviour influence
students’ motivation and flow-experience in biology class. In study
1, 158 students of grade six worked on the adaptations of Harvest
Mice (Micromys minutus) with living animals. The 153 sixth graders
of study 2 dealt with the same content but instead worked with
short films on laptops. Previous studies have shown that students
perceive film sequences as less interesting than working with
living animals. Students’ intrinsic motivation and flow-experience
were measured at the end of the first and the third lesson. In
study 1, autonomy-supportive teaching behaviour led to
significant differences in students’ intrinsic motivation and flow-
experience when compared to controlling teaching behaviour. In
study 2, motivation and flow-experience were not always in line
with theory. The positive effects of autonomy-supportive and the
non-beneficial effects of the controlling teaching behaviour seem
to be dependent on the interestingness of the teaching material.
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1. Introduction

One key characteristic of successful learning is students’ motivation (Deci, Schwartz,
Sheinman, & Ryan, 1981). Motivation facilitates learning and is essential to the entire
learning process (Klauer & Leutner, 2007). Commitment (Flink, Boggiano, Main,
Barrett, & Katz, 1992), learning success (Grolnick & Ryan, 1987) and skill acquisition
(Weinert, 2002) all depend on students’ motivation. Reeve (2009) argued that many tea-
chers are unable to support or maintain students’ motivation adequately. In fact, a
decrease in students’ motivation throughout their school careers, including in biology
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education, is reported (Eccles et al., 1993; Prokop, Tuncer, & Chudá, 2007). Ommundsen
and Kvalø (2007) found that an important factor in supporting students’ motivation was
teaching behaviour. In particular, their work supported Deci and Ryan’s (1985, 2000)
claim that autonomy-supportive teaching behaviour fosters a positive motivational state
while controlling behaviour can undermine it. Evidence in support of their ideas has
also come from work contrasting interesting vs. uninteresting activities (Joussemet, Koest-
ner, Lekes, & Houltfort, 2004) such as solving interesting puzzles (Boggiano, Flink, Shields,
Seelbach, & Barrett, 1993; Grolnick & Ryan, 1987; Mouratidis, Lens, & Vansteenkiste,
2010; Ryan, Koestner, & Deci, 1991) and computerised vigilance tasks (Joussemet et al.,
2004).

The aim of our studies was to investigate whether the results from previous laboratory
studies could be supported in a real-life classroom environment, and specifically in the
context of biology lessons. We conducted two studies that examined the effects of auton-
omy-supportive or controlling teaching behaviour using different media. Following a pre-
vious study by Wilde, Hussmann, Lorenzen, Meyer, and Randler (2012), study 1 involved
the use of living animals that are perceived as very interesting. Study 2 instead used short
films of the same living animals displayed on laptops that are perceived as less interesting.

2. Theoretical framework

2.1. Intrinsic motivation and flow-experience

In their Self-Determination Theory, Deci and Ryan (1985, 2000) propose that there are
three basic psychological needs, that is, relatedness, competence and autonomy, that are
innate to human beings. The need for relatedness manifests as the drive to integrate
into a social environment or to interact with important others (Deci & Ryan, 2000). Com-
petence refers to the ability to act and master challenges (Deci & Ryan, 1985; White, 1959).
If the requirements meet the individuals’ skills, the need for competence may be satisfied
(Deci & Ryan, 2000). The need for competence is related to the need for autonomy. These
needs are mutually dependent (Deci & Ryan, 1985; Krapp & Ryan, 2002). The need for
autonomy comprises the perception of being the origin of one’s own behaviour (Reeve,
2002). Reeve, Nix, and Hamm (2003) argue that three qualities are essential to satisfying
this need: volition, locus of causality and choice. Volition constitutes the ambition to act by
one’s own choice and without external influences. Actions should be carried out only if
there is interest in doing so. This does not mean that a person seeks to be completely unaf-
fected by their environment and that intrinsic motivation can only be experienced without
external influences. Instead, tasks should correspond to what the person would like to do
at the moment and should have personal relevance (Krapp & Ryan, 2002). Locus of caus-
ality describes the individual’s belief about the origin of the behaviour. There is a distinc-
tion between an internal and an external locus of causality. The locus of causality is
exterior to the acting persons when there is a feeling of external control (Reeve et al.,
2003) and the persons experience themselves as pawns (deCharms, 1968). The locus of
causality is interior and the individuals experience themselves as origin of their own
behaviour (deCharms, 1968) when they feel strongly self-regulated. Choice includes pre-
senting options. As such, the acting person should feel a real choice about whether to act or
not (deCharms, 1977). Meaningful and real choice can foster the perception of the two
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other autonomy-supportive components, volition and locus of causality (Reeve et al.,
2003).

The fulfilment of the psychological needs determines the quality ofmotivated behaviour.
In their Self-Determination Theory, Deci and Ryan (1985, 2000) describe extrinsic and
intrinsic motivation. Activities are considered to be extrinsically motivated when they are
carried out for instrumental reasons. Extrinsically motivated activities can have different
motivational qualities (Deci & Ryan, 1985, 2000). Deci and Ryan (1985, 2000) differentiate
four types of extrinsically motivated behaviour that exist on a continuum ranging from het-
eronomous to autonomous, and range from externally motivated regulation to integrated
regulation. An activity is intrinsically motivated when the reward is its performance in
and of itself. Intrinsically motivated activities comprise spontaneity, curiosity and interest
(Ryan & Deci, 2000). It correlates positively with the experience of flow (Taylor, Schepers,
& Crous, 2006), as well as being its antecedent (Kowal & Fortier, 1999).

Csikszentmihalyi’s (1975) Flow Theory describes a perspective complementary to
motivation. He focuses on a certain intrinsic quality of motivation experienced while
acting, the flow-experience (Krombass & Harms, 2006). Csikszentmihalyi (1977, p. 36)
defines flow-experience as ‘the holistic sensation that people feel when they act with
total involvement’. Flow-experience can be characterised by the following components:
(1) clear goals, (2) clear and immediate feedback, which the acting person can perceive
permanently, (3) the merging of action and awareness, (4) high level of attention to a
limited stimulus field, (5) a sense of control of action and environment, (6) loss of self-con-
sciousness, (7) autotelic experience, meaning that the activity is its own reward, (8) altered
time perception and (9) a feeling of control and competence (Csikszentmihalyi, 1977). The
fulfilment of these components is dependent on an optimal matching between the per-
ceived task difficulty and the individual’s competences (Csikszentmihalyi, 1975, 2000).
When the individual’s skills and the challenge determined by the task are thought to be
perceived as above-average, flow-experience can occur (Massimini & Carli, 1991). The
need for competence can be satisfied simultaneously (Deci & Ryan, 2000; Krombass,
Urhahne, & Harms, 2007). Csikszentmihalyi (1975, 2010) lists only process-related
requirements for flow. Person-related factors that influence flow are not considered
(Taylor et al., 2006). Taylor et al. (2006) suggest that the experience of autonomy can
be added as a further requirement given that it can foster the merging of action and con-
sciousness. Kowal and Fortier (1999) found a positive correlation between perceived
autonomy and flow-experience, as well as between intrinsic motivation and flow-experi-
ence. Intrinsic motivation as described by Deci and Ryan (1985, 2000) and flow-experi-
ence as described by Csikszentmihalyi (1975) are both associated with a variety of
positive effects on students’ learning. Csikszentmihalyi (1992) found a positive correlation
between students’ flow-experience, their creativity and academic achievement, as well as
an increase in self-esteem. Similar correlations are reported between students’ intrinsic
motivation and their learning success, perceived competence, performance and creativity
(Reeve, Bolt, & Cai, 1999). Considering the benefits that arise from students’ intrinsic
motivation and flow-experience, the current study investigated whether autonomy-sup-
portive teaching behaviour could foster these qualities of motivation in biology lessons.
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2.2. Autonomy-supportive vs. controlling teaching behaviour and its effects on
motivation in biology education

Students’ motivation, as well as their attitude towards biology depends, at least in part on
their teachers’ behaviour (Ommundsen & Kvalø, 2007; Prokop et al., 2007; Reeve, 2002).
Teachers usually tend to exhibit either autonomy-supportive or controlling teaching beha-
viours (Reeve, 2009). Controlling teachers put their students under time pressure, threat of
punishment for non-execution, use external stimuli to motivate their students (Deci, 1971;
Reeve, 2002; Reeve et al., 1999) and provide controlling feedback (Ryan, 1982). Control-
ling teaching behaviour may in fact foster extrinsic types of motivation and undermine
intrinsic motivation. This undermining effect conveys an instrumental character by offer-
ing external stimuli (Deci & Ryan, 2000). Extrinsically motivated activities divest the
acting person of control over his or her own actions, and can lead to a diminished
flow-experience (Bakker, Oerlemans, Demerouti, Bruins Slot, & Karamat Ali, 2011). In
contrast, autonomy-supportive teaching behaviour comprises the expression of appreciat-
ive feelings (Reeve et al., 1999), informative feedback (Ryan, 1982), an increased students’
speech ratio, as well as possibilities for choice (Reeve, 2002). Student participation in
biology education has been found to affect students’ intrinsic motivation positively
(Meyer-Ahrens, Moshage, Schäffer, & Wilde, 2010; see also Meyer-Ahrens & Wilde,
2013).

In addition, extrinsically motivated activities in learning environments with less inter-
esting types of presentation can gain importance for the acting person due to autonomy-
support (Ryan & Deci, 2000). Self-regulated forms of motivation may be fostered due to
internalisation (Ryan & Deci, 2000). Autonomy-support and control operate differently
when varying interesting types of presentation. Autonomy-support can maintain intrinsic
motivation, whereas control can convey an instrumental character. Autonomy-support
can thwart the instrumental character of uninteresting and extrinsically motivated activi-
ties in learning environments with less interesting types of presentation. In contrast, con-
trolling teaching behaviour can maintain the instrumental character of the activity in the
same learning environment.

The use of living animals is a common feature of biology education, and seem to be an
appealing type of presentation, especially for younger students (Dohn, Madsen, & Malte,
2009; Sammet, Kutta, & Dreesmann, 2015). Hummel (2011) reports that living mice in
biology lessons lead to distinctly higher interest and enjoyment in comparison to other
frequently used animals. In contrast, students perceive video sequences of mice as less
interesting and less motivating (Hummel, 2011; Wilde et al., , 2012). In this context, a
teaching unit about harvest mice seemed to be appropriate for examining the motivational
effects of autonomy-supportive vs. controlling teaching behaviour in learning environ-
ments with very interesting (study 1) and less interesting (study 2) types of presentation
(Table 1).

3. Hypotheses

Taking into account students’ decreasing motivation in biology education in high school,
biology teachers are increasingly confronted with the problem of supporting students’
motivation (Eccles et al., 1993; Prokop et al., 2007). Hummel and Randler (2012) proposed
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the use of living animals in biology classes to support motivation. Living animals provide
an authentic connection to learning content. They enable primary experiences and are
associated with intrinsic motivation (Wilde et al., 2012) and high interest (Hummel &
Randler, 2012). Laboratory studies (Boggiano et al., 1993; Grolnick & Ryan, 1987; Mour-
atidis et al., 2010; Ryan et al., 1991) revealed that the presentation of interesting learning
content alone is insufficient to maintaining students’ motivation. These studies empha-
sised the significance of teaching behaviour in students’ motivation. Autonomy-
support, in contrast to controlling teaching behaviour, fostered positive qualities of motiv-
ation in out-of-school-learning environments (Basten, Meyer-Ahrens, Fries, & Wilde,
2014). As such, the experience of autonomy is crucial to intrinsically motivated activities
(Tessier, Sarrazin, & Ntoumanis, 2010).

The aim of study 1 was to examine the effects of autonomy-supportive and controlling
teaching behaviour, in learning environments with very interesting teaching material in
biology lessons, on students’ intrinsic motivation and flow-experience. For this purpose,
a teaching unit of three lessons was designed in which the students investigated the habit-
ual adaptations and climbing abilities of harvest mice. This topic was selected given evi-
dence that mice are perceived as particularly interesting to fifth and sixth graders
(Hummel & Randler, 2012). At the same time, mice are associated with a distinctly
higher perception of choice, in comparison to frequently used animals such as isopods
or snails (Hummel, 2011). It is thought that autonomy-supportive teaching behaviour
can support the sense of choice facilitated by the living animals whereas controlling teach-
ing behaviour can undermine it.

On the other hand, not every lesson can contain authentic encounters and primary
experiences. Not all schools keep animals and not all teachers can organise zoo visits
for every biology lesson. In fact, most lessons will only be sparsely interesting, and teachers
will not always be able to take students’ interests into account (Ryan, Connell, & Deci,
1985). As such, study 2 was designed to examine whether intrinsic motivation and
flow-experience could be fostered by autonomy-support in biology lessons with less inter-
esting media. A thematically identical teaching unit was conducted that contained video
sequences of the mice instead of living animals. The films were shown without sound,
and the length of each sequence was kept short to reduce students’ cognitive load
(Sammet et al., 2015). The video sequences were intended to provide only secondary
experiences (Wilde et al., 2012), that would be perceived as distinctly less interesting
(Hummel, 2011) and less motivating (Wilde et al., 2012). Autonomy-supportive teaching
behaviour is thought to support and maintain positive motivational qualities in learning
environments with very interesting types of presentation. In learning environments
with less interesting types of presentation, autonomy-support is thought to foster self-
regulated motivational states.

Table 1. 2*2 design of both studies. Two factors were varied, namely the teaching behaviour
(autonomy-supportive vs. controlling) and the type of presentation (living animals vs. video sequences).

Study 1 (living animals) Very Interesting
type of presentation (VI)

Study 2 (video sequences) Less Interesting
type of presentation (LI)

Autonomy-supportive
teaching behaviour (A)

VI/A LI/A

Controlling teaching
behaviour (C)

VI/C LI/C
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The hypotheses for both studies were:

H1. Autonomy-supportive teaching behaviour leads to more intrinsic motivation than con-
trolling teaching behaviour

(1) in very interesting biology lessons (study 1).

(2) in less interesting biology lessons (study 2).

The experience of autonomy can foster the merging of activity and consciousness, as
well as the sense of being the origin of one’s own actions (Bakker et al., 2011), and
is one of the requirements of flow-experience (Taylor et al., 2006). Bakker et al.
(2011) assume that autonomy-supportive styles of communication and the associated
performance feedback affect flow-experience positively. Kowal and Fortier (1999)
found a positive correlation between perceived autonomy and flow-experience. Even
so, students’ flow-experience seems to be dependent on the type of presentation.
Meyer, Klingenberg, and Wilde (2015), claimed that learning environments that offer
primary experiences, such as working with living animals, could lead to a greater
experience of flow than secondary experiences such as working with short films on
laptops.

This lead to the following hypotheses:

H2. Autonomy-supportive teaching behaviour leads to more flow-experience than control-
ling teaching behaviour

(1) in very interesting biology lessons (study 1).

(2) in less interesting biology lessons (study 2).

4. General methods

Two quasi-experimental studies were conducted in sixth grade classrooms at German
schools. There were no differences in content or method between studies 1 and 2. Only
the type of presentation differed: living animals (study 1) and video sequences of
harvest mice (study 2). The teaching behaviour (autonomy-supportive vs. controlling)
was the only factor varied within the studies.

4.1. Sample

The sample for study 1 was composed of six high school classes (N = 158). The sample
consisted of 86 girls and 72 boys. The students’ age ranged between 11 and 13 years.
The average student was 11.98 years old (SD = 0.36 years). Three of the classes were
taught in an autonomy-supportive manner (A-treatment; n = 80) and three using a con-
trolling manner (C-treatment; n = 78).

The sample for study 2 was also composed of six high school classes (N = 153).
The sample consisted of 83 girls and 70 boys. The average student was 11.95 years old
(SD = 0.91 years). As in study 1, three of the classes were taught in an autonomy-suppor-
tive manner (A-treatment; n = 83) and three using a controlling manner (C-treatment;
n = 70).
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4.2. Test instruments

Identical test instruments were used in both studies (study 1 and study 2). All applied
testing instruments were evaluated in external studies (McAuley, Duncan, & Tammen,
1989; Wilde & Bätz, 2009) and fulfilled the quality criteria. The test instruments are
described in the following paragraphs.

4.2.1. Self-Regulation Questionnaire
An adapted version of the Self-Regulation Questionnaire (SRQ) by Ryan and Connell
(1989) was used to ensure that students in the A- and C-treatments had the same motiva-
tional preconditions at the beginning of the teaching unit (Müller, Hanfstingl, & Andreitz,
2007). The students rated their long lasting motivation on a five-point rating scale, ranging
from ‘strongly disagree’ (0) to ‘strongly agree’ (4). Data gathered with the adapted SRQ
was used to calculate the Relative Autonomy Index (RAI). The subscales can be
plugged into the following formula: 2*intrinsic + integrated – (introjected + 2*external).
RAI can attain values ranging from −12 to +12. The closer the value of the RAI is to
−12, the more the students can be described as feeling heteronomous, whereas a value
closer to +12 indicates feelings of self-determination (Ryan & Connell, 1989).

4.2.2. Perceived Self-Determination
Amodified version of the Perceived Self-Determination questionnaire (PSD) was adminis-
tered at the end of the first and third lessons (Reeve, 2002; Reeve et al., 2003). This question-
naire captures the students’ autonomy-experience and can be used to examine whether the
operationalised controlling or autonomy-supportive teaching behaviour in the C- or A-
treatment succeeded equally. The PSD captures the three autonomy-supportive com-
ponents, namely volition, locus of causality and choice, with 10 items (Table 2). The
items are scored using a five-point rating scale (0 = strongly disagree to 4 = strongly agree).

4.2.3. Intrinsic Motivation Inventory
Students’ current motivation was evaluated using the adapted Intrinsic Motivation Inven-
tory (A-IMI) at the end of the first and third lessons. The A-IMI is a shortened version of

Table 2. Cronbach’s alpha-values (α), example items as well as number of items of the subscales for
study 1 (α1) and study 2 (α2) at both measuring times.
Test instruments Example item α1 α2

SRQ I study my biology lessons,…
External … because I will get a bad grade if I don’t (4) .550 .706
Introjected … because I will feel bad about myself if I don’t do it (3) .601 .609
Integrated
identified

… because it fits the way I see myself (6)
… because the knowledge in biology will help me to get a good job (4)

.858

.873
.741
.818

Intrinsic … because it’s fun (5) .877 .816
PSD In this lesson I was pursuing my own goals, goals that were

important to me (10)
.750/.815 .732/.831

FSS I feel that I have everything under control (10) .796/.850 .799/.797
IMI
Interest/enjoyment This activity was fun to do (3) .720/.855 .765/.787
Perceived choice I could control the activity by myself (3) .775/.752 .745/.804
Perceived
competence

I worked skillfully at this activity (3) .856/.845 .757/.806

Pressure/tension During acting in this lesson I felt stressed (3) .775/.752 .620/.622
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Ryan’s (1982) and Ryan, Connell, and Plant’s (1990) IMI (Wilde, Bätz, Kovaleva, &
Urhahne, 2009). It captures twelve items and is comprised of the positive predictors of
intrinsic motivation containing interest/enjoyment, perceived choice as well as perceived
competence and the negative predictor of intrinsic motivation pressure/tension (Table
2). The items were scored using a five-point rating scale (0 = strongly disagree to 4 =
strongly agree).

4.2.4. Flow Short Scale
The Flow Short Scale (FSS) with a five-point rating scale was used to capture the state of
flow (Rheinberg, Vollmeyer, & Engeser, 2003). This scale comprises the components
‘fluency of performance’ with six items, and ‘absorption by activity’ with four items
(Rheinberg et al., 2003; Table 2). In addition, the brevity of the questionnaire allows for
the activity being assessed to be interrupted only briefly (Rheinberg et al., 2003).

4.3. Test design and teaching process

The designs for study1 and for study 2 were identical (Figure 1). The questionnaires
measured students’ autonomy-experience as well as their quality of motivation before
and during the study.

One week before the beginning of the study, the SRQ was administered to ascertain the
students’ long-term motivation for biology lessons which could be influenced by the tea-
cher’s invariant behaviour throughout several lesson units. By capturing students’ long-
term motivational state, it is possible to compare motivational preconditions between
the groups and consider them in the analysis of students’ current motivation. Students’
motivation can also be affected by the use of appealing subject matter as well as by the
media chosen (Hidi, 2000; Tsai, Kunter, Lüdtke, Trautwein, & Ryan, 2008). The topics
in the curriculum correspond with students’ interests differently (Meyer-Ahrens, Meyer,
Witt, & Wilde, 2014). The classes that participated in the study usually have dealt with
different issues before the beginning of the study. We ensured that none of the classes
had prior experience with animals as presented in the studies. Data from the PSD, the
FSS and the A-IMI were administered to the students at the end of the first and third
lessons. The students’ current motivation was evaluated using the IMI that according to
Engeser, Rheinberg, Vollmeyer, and Bischoff (2005), can influence the students’ flow-
experience.

In the first two lessons, the students created a profile of the Eurasian Harvest mouse and
formed small groups to examine its climbing ability as a means to understanding its adap-
tations to its habitat. The lesson unit was adapted from that designed byWilde, Meyer, and
Klingenberg (2010) for the first progression stage per the requirements for a biology cur-
riculum, in which animals in special environments are a required component. Results of
the first two lessons were presented in the third lesson in plenum. The teaching behaviour
(autonomy-supportive vs. controlling) was the only factor varied within the studies. The
characteristics described by Reeve and Jang (2006) and Reeve (2002) were assigned to the
three autonomy-supportive components, namely volition, locus of causality and choice to
standardise autonomy-supportive and controlling teaching behaviour, respectively (Table
3). The study was conducted by three teacher trainees who were close to completing their
degrees. The participating classes were randomly assigned to the teacher trainees. To
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ensure that the specific behaviour (autonomy-supportive and controlling teaching behav-
iour) or rather the instruction were clearly understood and could therefore be
implemented, the teachers attended several meetings to learn the target autonomy-sup-
portive and controlling behaviours. All teacher trainees performed each treatment
equally often. They showed controlling behaviour in the C-treatment, and autonomy-sup-
portive behaviour in the A-treatment. Since it is possible that any possible effects might be

Figure 1. Design of the study. The intervention consisted of three lessons. The SRQ was administered
before the beginning of the study. Students’ intrinsic motivation (A-IMI), flow-experience (FSS), and
autonomy-experience (PSD) were measured at the end of the first and the third lesson.
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attributable to teacher personality (Reeve, 1998, 2002), the teachers were treated as covari-
ates in all tests.

5. Results of study 1 (living animals)

As a preliminary result, lessons with living animals were regarded as especially interesting
and engaging. Autonomy-supportive and controlling teaching behaviour, respectively,
might influence the students’ motivation particularly in these lessons. The RAI was
reported to ensure equal levels of pupils’ perceived self-regulation in regular biology
lessons. ANOVAs revealed no significant differences between students of A- and C-treat-
ment (Table 4). RAI-values were slightly positive. This indicates that students of both
treatments felt sparsely self-regulated in normal biology education (Table 4). Possible
differences between the classes were considered as covariates in an analysis of covariance
(ANCOVA) and revealed no significant differences (Table 4). Before our treatments all
classes felt equally self-regulated.

The average of the PSD in terms of ANOVA was compared at both measuring times to
make sure that the implementation of the autonomy-supportive and controlling teaching
behaviour was successful and that these behaviours were perceived as such by the students.
ANOVAs revealed significant differences between students of A- and C-treatment (Table
4). Students of the autonomy-supportive treatment experienced themselves as more
autonomous than students who were treated in a controlling manner. Effects attributable
to the teacher were also treated as covariates. Teachers differed non-significantly at both
measuring times. This suggests that the implementation of autonomy-supportive and con-
trolling teaching behaviour succeeded equally well with all teachers.

Regarding the first hypothesis, the results of the A-IMI were reported to investigate
whether students in both treatments differed in their motivational state. Subscales of
the A-IMI were compared between both treatments with a multivariate analysis of var-
iance (MANOVA) to evaluate the findings involving intrinsic motivation. MANOVA
revealed significant differences between students of A- and C-treatment in the subscales
perceived choice, perceived competence as well as pressure/tension in favour of auton-
omy-support for both times (Table 4). In the subscale interest/enjoyment we found no sig-
nificant differences between students of both treatments at any measuring time (Table 4).
In the A-IMI, the teacher was also considered as a covariate and revealed no significant
effects in the subscales of the A-IMI at any measuring time (Table 4).

Table 3. Operationalisation of the autonomy-supportive (A-treatment) and the controlling (C-
treatment) teaching behaviour.

A-treatment C-treatment

Locus of
causality

Informative feedback
e.g. ‘You worked properly’
Teaching unit was not graded

Controlling feedback
e.g. ‘You took the mice out of the cage like I told
you’

Teaching unit was graded
Volition No pressure

e.g. ‘You might… ’, ‘If you like to… ’
Pressure
e.g. ‘You are supposed to… ’, ‘You have to… ’

Choice Choices
e.g. Students were allowed to choose the succession
of tasks

No choices
e.g. Succession of tasks was determined by the
teacher

10 N. HOFFERBER ET AL.



Regarding the second hypothesis, the results of the FSS were reported to examine differ-
ences in students’ flow-experience for both treatments. Values of the FSS were compared
using ANOVA to examine the effects of the respective treatment on the immediate quality
of experience. The FSS revealed significant differences between students of the A- and the
C-treatment at both measuring times. The autonomy-supported students experienced dis-
tinctly higher flow on average compared to the students of the C-treatment at both
measuring times (Table 4). Effects of the teacher on the FSS were considered as a covariate
at both measuring times, and revealed a significant effect at the first measuring time
(Table 4).

6. Results of study 2 (video sequences)

In study 2, the preliminary results for the RAI-values using ANOVA revealed no signifi-
cant differences between the students of both treatments (Table 5). Possible motivational
teacher effects were considered with ANCOVA and revealed no significant differences
either (Table 5).

The second preliminary results examined whether the operationalised autonomy-sup-
portive and controlling teaching behaviours were perceived as such by the students. The
means of the PSD of both treatments were compared using ANOVA. Students who were

Table 4. Effect sizes, F-values, means (M ) and standard deviation (SD) of the autonomy-supportive (A-
treatment) and the controlling (C-treatment) in the (sub)scales of the SRQ, the PSD, the A-IMI as well as
the FSS at the first and second measuring time (study 1) including possible teacher-related effects
(covariate).

A-treatment M (SD) C-treatment M (SD) F-values (p-values) η2

SRQ RAI 2.20 (3.67) 2.93 (3.22) F(1;145) = 1.74 (ns) 0.01
Teacher F(1;145) = 0.58 (ns) 0.00

PSD First 2.82 (0.74) 2.34 (0.61) F(1;145) = 19.55 (***) 0.11
Teacher F(1;145) = 3.21 (ns) 0.02
Second 1.65 (0.76) 2.30 (0.64) F(1;142) = 9.51 (**) 0.06
Teacher F(1;142) = 0.52 (ns) 0.00

IMI first Interest/enjoyment 3.43 (0.76) 3.36 (0.79) F(1;145) = 0.52 (ns) 0.00
Teacher F(1;145) = 2.23 (ns) 0.02
Perceived choice 2.57 (0.94) 1.87 (0.93) F(1;145) = 19.88 (***) 0.13
Teacher F(1;145) = 0.72 (ns) 0.01
Perceived competence 3.06 (0.83) 2.63 (0.89) F(1;145) = 7.76 (**) 0.05
Teacher F(1;145) = 1.15 (ns) 0.01
Pressure/tension 1.09 (1.10) 1.44 (1.00) F(1;145) = 4.87 (*) 0.04
Teacher F(1;145) = 3.35 (ns) 0.02

IMI second Interest/enjoyment 3.06 (0.97) 3.25 (0.89) F(1;142) = 1.50 (ns) 0.01
Teacher F(1;142) = 0.35 (ns) 0.00
Perceived choice 2.48 (1.03) 1.95 (0.93) F(1;142) = 10.47 (**) 0.07
Teacher F(1;142) = 0.43 (ns) 0.00
Perceived competence 3.05 (0.88) 2.54 (0.91) F(1;142) = 11.70 (**) 0.08
Teacher F(1;142) = 0.34 (ns) 0.00
Pressure/tension 1.16 (0.99) 1.48 (0.89) F(1;142) = 4.16 (*) 0.03
Teacher F(1;142) = 0.82 (ns) 0.00

FSS First 2.80 (0.59) 2.52 (0.54) F(1;145) = 10.27 (**) 0.07
Teacher F(1;145) = 5.03 (*) 0.03
Second 2.81 (0.66) 2.48 (0.59) F(1;142) = 10.23 (**) 0.07
Teacher F(1;142) = 1.76 (ns) 0.01

* p≤ .05.
**p≤ .01.
***p < .001.
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exposed to autonomy-support experienced themselves as distinctly more self-regulated at
both measuring times as the students in the controlling scenario (Table 5). Here, the
ANCOVA revealed significant differences between the teachers at the first measuring
time (Table 5). Operationalisation of autonomy-support and control did not seem to
have succeeded equally.

Analogous to study 1, the results of the A-IMI were reported to investigate whether stu-
dents of both treatments differed in their motivational state. A MANOVA was applied to
calculate differences in students’ intrinsic motivation in the respective treatments, and
revealed a significant difference in the subscales perceived competence as well as
pressure/tension in favour of the autonomy-supportive treatment at the first measuring
time (Table 5). The subscales perceived choice as well as interest/enjoyment showed
higher values in the autonomy-supportive treatment, but the difference was not significant
(Table 5). Analysis of covariance revealed significant teacher-dependent effects in the sub-
scales perceived choice and pressure/tension (Table 5).

Students of both treatments differed in the subscales perceived choice, perceived compe-
tence as well as perceived pressure/tension at the second measuring time (Table 5). Stu-
dents of A-treatment reported having more choices and feeling more competent than
the students of C-treatment. Students of C-treatment, in turn, felt more pressure/
tension. No significant difference in the subscales interest/enjoyment at the second

Table 5. Effect sizes, F-values, means (M ) and standard deviation (SD) of the autonomy-supportive (A-
treatment) and the controlling (C-treatment) in the (sub)scales of the SRQ, the PSD, the A-IMI as well as
the FSS at the first and second measuring time (study 2) including possible teacher-related effects
(covariate).

A-treatment M (SD) C-treatment M (SD) F-values (p-values) η2

SRQ RAI 3.35 (3.33) 3.04 (3.05) F(1;151) = 0.38 (ns) 0.00
Teacher F(1;151) = 0.49 (ns) 0.00

PSD First 2.51 (0.54) 2.14 (0.71) F(1;146) = 13.06 (**) 0.08
Teacher F(1;146) = 4.77 (*) 0.03
Second 2.53 (0.67) 2.07 (0.72) F(1;137) = 15.54 (***) 0.10
Teacher F(1;137) = 0.15 (ns) 0.00

IMI first Interest/enjoyment 3.03 (0.67) 2.78 (0.84) F(1;146) = 3.83 (ns) 0.03
Teacher F(1;146) = 1.60 (ns) 0.01
Perceived choice 2.32 (0.92) 2.15 (0.92) F(1;146) = 1.34 (ns) 0.01
Teacher F(1;146) = 7.59 (**) 0.05
Perceived competence 2.65 (0.69) 2.27 (0.87) F(1;146) = 8.48 (**) 0.06
Teacher F(1;146) = 0.01 (ns) 0.00
Pressure/tension 1.22 (0.81) 1.55 (0.89) F(1;146) = 5.80 (*) 0.04
Teacher F(1;146) = 4.05 (*) 0.03

IMI second Interest/enjoyment 2.81 (0.98) 2.59 (0.89) F(1;137) = 1.87 (ns) 0.01
Teacher F(1;137) = 0.00 (ns) 0.00
Perceived choice 2.30 (0.89) 1.70 (1.02) F(1;137) = 13.06 (***) 0.09
Teacher F(1;137) = 0.12 (ns) 0.00
Perceived competence 2.71 (0.79) 2.37 (0.82) F(1;137) = 5.85 (*) 0.04
Teacher F(1;137) = 0.38 (ns) 0.00
Pressure/tension 1.17 (0.80) 1.46 (0.86) F(1;137) = 4.40 (*) 0.03
Teacher F(1;137) = 5.78 (*) 0.04

FSS First 2.61 (0.46) 2.41 (0.56) F(1;146) = 5.94 (*) 0.04
Teacher F(1;146) = 4.97 (*) 0.03
Second 2.62 (0.55) 2.45 (0.57) F(1;137) = 2.93 (ns) 0.02
Teacher F(1;137) = 0.51 (ns) 0.00

*p≤ .05.
**p≤ .01.
***p < .001.
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measuring time could be discovered (Table 5). Effects of the teacher were considered as
covariate and no significant impact was revealed in any subscale of the A-IMI (Table 5).

Regarding the second hypothesis, the results of the FSS are reported to examine differ-
ences in the students’ flow-experience of both treatments. Items of the FSS were compared
by use of ANOVA to gather the effects of teaching behaviour on the immediate qualities of
experience. The FSS revealed a significant difference between the students of both treat-
ments at the first measuring time. Autonomy-supported students experienced a higher
flow on average than students who were treated in a controlling manner (Table 5). Stu-
dents of both treatments did not differ in their flow-experience at the second measuring
time any more (Table 5). ANCOVA revealed a significant teacher-dependent effect only at
the first measuring time.

7. Discussion

The aim of both studies was to examine the effects of autonomy-supportive and control-
ling teaching behaviour on students’ intrinsic motivation and flow-experience. In study 1,
we designed biology lessons with living animals intended to be very interesting to students.
For study 2, we designed biology lessons with video sequences with the same content
intended to be less interesting. We used short films on laptops instead of living
animals. The findings for study 1(living animals) were consistent with the theory. The
only exception here was found in the subscale interest/enjoyment. In addition, data
from study 2 (video sequences) were not always consistent with the theory.

Living animals were used in study 1 as an especially interesting type of presentation.
Although the study was conducted by three female teachers, and possible effects for
every compiled construct were considered, no teacher-dependent effect was revealed in
any of the constructs with the exception of flow-experience in the first measuring time.
This teacher-dependent effect was moderate. Differences in perceived autonomy gathered
by the PSD questionnaire indicate that the operationalisation and implementation of the
autonomy-supportive and controlling teaching behaviour were successful.

In the subscale perceived choice of the A-IMI, autonomy-supported students also stated
that they had experienced a distinctly broader range of choice than students in the con-
trolling treatment. Ryan and Deci (2002) propose that competence- and autonomy-
experience are mutually dependent. Koestner, Zuckerman, and Koestner (1987) found
that autonomy-support could be associated with competence-support. These findings
are in line with the results of the current study. Autonomy-supported students experi-
enced themselves as more competent than the students of the controlling treatment at
both measuring times. The students differed significantly across treatments in all subscales
with the exception of the subscale interest/enjoyment. The means for both treatments in
the subscale interest/enjoyment may indicate a ceiling effect. Wilde et al. (2012) revealed
similar findings. Living animals are associated with very high interest and high motivation
(Hummel & Randler, 2012; Wilde et al., 2012). The controlling teaching behaviour did not
decrease the students’ interest/enjoyment. The controlling teaching behaviour that stu-
dents typically experience in regular education (Martinek, 2010) may explain the small
destructive effects of the controlling teaching behaviour in this study. Students’ regulation
types expressed by the RAI-value (SRQ; compare Ryan & Connell, 1989) and documented
at the beginning of this study indicate that students felt sparsely autonomous in regular
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biology coursework. The unfamiliar learning situation with living animals fostered posi-
tive motivation qualities. Controlling teaching behaviour presumably did not affect this
positive motivation strongly enough to have an effect on the scale interest/enjoyment.
The relatively low values of the students in the C-treatment for the subscales pressure/
tension could be further evidence for this assumption. A possible explanation might be
that the implemented controlling teaching behaviour in this study hardly differed from
the teacher behaviour in biology lessons, as teachers are more inclined to act in a control-
ling manner (Martinek, 2010). The subscale interest/enjoyment revealed no significant
differences even when students of both treatments differed in the negative predictor
and two out of three positive predictors at both measuring times. The first hypothesis
that autonomy-supportive teaching behaviour fostered intrinsic motivation was supported
to some extent. The second hypothesis proposed that autonomy-support was associated
with a higher flow-experience in comparison to the controlling condition as shown by
the higher values in the FSS at both measuring times. Kowal and Fortier (1999) found
that flow-experience not only depended on perceived autonomy but also on the subject
groups’ perceived competence. Values for the perceived choice and perceived competence
subscales in our study were distinctly lower in the controlling treatment group than in
the autonomy-supported group in study 1 (living animals). Beyond that, the interruption
of students’ activity caused by controlling teaching behaviour probably affected the major
components of flow-experience (fluency of performance and absorption by activity) nega-
tively. Autonomous and independent goal setting in the autonomy-supportive treatment
possibly fostered concentration on essential contents, thus resulting in a more immersive
flow-experience. For Csikszentmihalyi (1977), flow-experience is the ultimate form of
intrinsic motivation. Consequently, autonomy-support seems to be appropriate to foster-
ing the positive qualities of experience in biological learning content when living harvest
mice are used in class.

Study 2 (video sequences) investigated the effects of autonomy-supportive teaching
behaviour on students’ positive qualities of experience when less interesting types of pres-
entation were used. It was expected that autonomy-supportive teaching behaviour would
foster internalisation and the associated self-regulated forms of motivation. Interpretation
of the PSD questionnaire revealed that autonomy-supported students had experienced
more autonomy than students of C-treatment at both measuring times. The operationa-
lisation of autonomy-support and control succeeded. At the same time, teacher-dependent
effects were revealed by measuring perceived autonomy in the subscales perceived choice
and pressure/tension, as well as in the FSS in the first lesson. These qualities of experience
seem not to be independent of the teacher when less interesting types of presentation are
applied. Autonomy-experience, as well as intrinsic motivation, has been argued to foster
flow-experience (Kowal & Fortier, 1999). Due to the interdependence of these constructs,
it should be no surprise that a teacher-dependent effect on perceived autonomy can lead to
the positive effects of motivation and flow-experience.

Data from the A-IMI revealed that autonomy-supported students felt more competent
and less pressure/tension than those of the controlling treatment at both measuring times.
Significant differences regarding perceived choice in favour of the autonomy-supported
students appeared only at the second measuring time. According to Shernoff, Csikszent-
mihalyi, Schneider, and Shernoff (2003), watching video sequences provides little space for
autonomous and active engagement with the learning content. The teaching unit with the
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video sequences might have offered choices to the students that were perceived as being of
minor importance. The subscale interest/enjoyment revealed no significant difference
between students of the autonomy-supportive and the controlling treatment for either
measuring time. The relatively high values in this subscale of the A-IMI are perhaps
attributable to the unfamiliar learning situation offered by the unknown teacher and
the use of video sequences. Video sequences are seldom used in contrast to other
lesson-dominating presentations such as textbooks (Schneider et al., 2012), even if stu-
dents work with computers and watch video sequences in their private environment
almost daily (Arnold & Weber, 2013). It may be the case that the use of this type of pres-
entation in regular biology education was perceived as a relative novelty (Berlyne, 1951).
Berlyne (1951) describes situations that deploy an established medium in a rather unfami-
liar context as novelty situations. Novelty situations can be associated with higher interest/
enjoyment (Reeve, 1989). The teaching behaviours in this study presumably differed mini-
mally from normal biology education. The familiar controlling teaching behaviour has
already been shown in the slightly positive RAI-values. This behaviour was probably insuf-
ficient to negatively affect the students’ interest/enjoyment in the controlling treatment.

The FSS also revealed an ambiguous overall picture. At the first measuring time, values
of flow-experience were significantly higher in the autonomy-supportive treatment than in
the controlling treatment, whereas no differences could be detected at the second measur-
ing time. These findings might be attributable to the different types of lessons at both
measuring times. At the first measuring time, students were working on the learning
content in small groups whereas those at the second measuring time were in plenum.
Lessons in plenum are perceived as more heteronomous in contrast to group work
(Marks, 2000). Furthermore, the work in plenum in comparison to group work allows
fewer opportunities to interact with each other. It might be that the autonomy-supportive
teaching behaviour was insufficient to minimise the students’ feelings of heteronomy
associated with traditional teaching approaches at the second measuring time.

Summary consideration of both studies indicates that the motivational effects of auton-
omy-supportive teaching behaviour seem to be dependent on the type of presentation to
some extent. Autonomy-supportive and controlling teaching behaviour were equally oper-
ationalised and implemented in both studies. Nevertheless, distinctly higher effect sizes
were measured in study 1 (living animals) compared to study 2 (video sequences) with
the exception of perceived choice at the second measuring time and the subscale
pressure/tension at both measuring times. It is conceivable that the operationalised auton-
omy-supportive teaching behaviour was insufficient to support the process of internalis-
ation in study 2 (video sequences) during the time given for the intervention. Our findings
give only weak, if any, evidence for the internalisation process (Deci & Ryan, 1985). The
situation is different for the undermining process. The results of this study indicate an
undermining process due to controlling teaching behaviour in biology lessons. Students
of the controlling treatment perceived distinctly less autonomy and fewer choices, felt
less competent and reported a distinctly lower flow-experience than students in A-treat-
ment when interesting types of presentation were used. The current study consequently
suggests that sole use of interesting types of presentation, such as living animals, consti-
tutes no assurance for intrinsically motivated students. Data from study 1 illustrate this
situation. Furthermore, it was shown that autonomy-support did not operate equally
with all types of presentation, as shown by data from study 2. Autonomy-supportive
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teaching behaviour affected the quality of motivation and flow-experience more positively
than controlling teaching behaviour, although findings were not always consistent with
theory. Deci, Eghrari, Patrick, and Leone’s (1994) early laboratory studies indicate that
subjects can be motivated to engage in less interesting learning content with autonomy-
support, although practicability and the effects of autonomy-supportive teaching behav-
iour in regular biology education should be subject to further investigation due to these
partly inconsistent findings. Furthermore, it should be investigated whether the long-
term application of specific types of presentations lead to differences in interest/enjoyment
between students treated with autonomy-supportive and controlling teaching behaviour,
or if it causes complete internalisation and undermines the learning process, respectively.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

Arnold, P., & Weber, U. (2013). Die ‘Netzgeneration’: Empirische Untersuchungen zur
Mediennutzung bei Jugendlichen [The ‘Netgeneration’: Empirical analysis of media use of
young people]. In M. Ebner & S. Schön (Eds.), Lehrbuch für Lernen und Lehren mit
Technologien (pp. 159–166). Bad Reichenhall: BIMIS e.V.

Bakker, A. B., Oerlemans, W., Demerouti, E., Bruins Slot, B., & Karamat Ali, D. (2011). Flow and
performance: A study among talented Dutch soccer players. Psychology of Sport and Exercise, 12
(4), 442–450.

Basten, M., Meyer-Ahrens, I., Fries, S., & Wilde, M. (2014). The effects of autonomy-supportive vs.
controlling guidance on learners’ motivational and cognitive achievement in a structured field
trip. Science Education, 98(6), 1033–1053.

Berlyne, D. E. (1951). Attention to change. British Journal of Psychology, 42, 269–278.
Boggiano, A. K., Flink, C., Shields, A., Seelbach, A., & Barrett, M. (1993). Use of techniques promot-

ing students’ self-determination: Effects of students’ analytic problem-solving skills. Motivation
and Emotion, 17, 319–336.

deCharms, R. (1968). Personal causation: The internal affective determinants of behavior. New York,
NY: Academic Press.

deCharms, R. (1977). Pawn or origin? Enhancing motivation in disaffected youth. Educational
Leadership, 34(6), 444–448.

Csikszentmihalyi, M. (1975). Beyond boredom and anxiety. San Francisco, CA: Jossey-Bass.
Csikszentmihalyi, M. (1977). Finding flow: The psychology of engagement with everyday life. The

masterminds series. New York, NY: Basic Books.
Csikszentmihalyi, M. (1992). Flow. Das Geheimnis des Glücks [Flow. The mystery of luck]. Stuttgart:

Klett-Cotta.
Csikszentmihalyi, M. (2000). Beyond boredom and anxiety. San Francisco, CA: Jossey-Bass.
Csikszentmihalyi, M. (2010). Das Flow-Erlebnis. Jenseits von Angst und Langeweile: im Tun aufge-

hen [The flow-experience. Beyond anxiety and boredom]. Stuttgart: Klett-Cotta.
Deci, E. L. (1971). Effects of externally mediated rewards on intrinsic motivation. Journal of

Personality and Social Psychology, 18(2), 105–115.
Deci, E. L., Eghrari, H., Patrick, B. C., & Leone, D. R. (1994). Facilitating internalization: The Self-

Determination Theory perspective. Journal of Personality, 62, 119–142.
Deci, E. L., & Ryan, R. M. (1985). Intrinsic motivation and self-determination in human behavior.

New York, NY: Plenum Publishing.
Deci, E. L., & Ryan, R. M. (2000). The ‘what’ and ‘why’ of goal pursuits: Human needs and the self-

determination of behavior. Psychological Inquiry, 11(4), 227–268.

16 N. HOFFERBER ET AL.



Deci, E. L., Schwartz, A., Sheinman, L., & Ryan, R. M. (1981). An instrument to assess adults’ orien-
tations toward control versus autonomy with children: Reflections on intrinsic motivation and
perceived competence. Journal of Educational Psychology, 73, 642–650.

Dohn, N. B., Madsen, P., & Malte, H. (2009). The situational interest of undergraduate students in
zoophysiology. Advances in Physiology Education, 33, 196–201.

Eccles, J. S., Wigfield, A., Midgley, C., Reuman, D., Mac Iver, D., & Feldlaufer, H. (1993). Negative
effects of traditional middle schools on students’ motivation. The Elementary School Journal, 93
(5), 553–574.

Engeser, S., Rheinberg, F., Vollmeyer, R., & Bischoff, B. (2005). Motivation, Flow-Erleben und
Lernleistung in universitären Lernsettings. Zeitschrift für Pädagogische Psychologie, 19, 159–172.

Flink, C., Boggiano, A. K., Main, D. S., Barrett, M., & Katz, P. A. (1992). Children’s achievement-
related behaviors: The role of extrinsic and intrinsic motivational orientations. In A. K. Boggiano
& T. S. Pittman (Eds.), Achievement and motivation: A social-developmental perspective (pp. 189–
214). New York, NY: Cambridge University Press.

Grolnick, W. S., & Ryan, R. M. (1987). Autonomy in children’s learning: An experimental and indi-
vidual difference investigation. Journal of Personality and Social Psychology, 52(5), 890–898.

Hidi, S. (2000). An interest researcher’s perspective: The effects of extrinsic and intrinsic factors on
motivation. In C. Sansone & J. M. Harackiewicz (Eds.), Intrinsic and extrinsic motivation. The
search for optimal motivation and performance (pp. 309–339). San Diego, CA: Academic Press.

Hummel, E. (2011). Experimente mit lebenden Tieren: Auswirkung auf Lernerfolg,
Experimentierkompetenz und emotional-motivationale Variablen [Experiments with living
animals: Effects on skill acquisition, competence in experimentation and emotional-motivational
variables]. Hamburg: Kovač.

Hummel, E., & Randler, C. (2012). Living animals in the classroom: A meta-analysis on learning
outcome and a treatment-control study focusing on knowledge and motivation. Journal of
Science Education and Technology, 21(1), 95–105.

Joussemet, M., Koestner, R. Lekes, N., & Houltfort, N. (2004). Introducing uninteresting tasks to
children: A comparison of the effects of rewards and autonomy support. Journal of
Personality, 72(1), 139–166.

Klauer, K. J., & Leutner, D. (2007). Lehren und Lernen. Einführung in die Instruktionspsychologie
[Teaching and learning. Introduction to instructional psychology]. Weinheim: Beltz.

Koestner, R., Zuckerman, M., & Koestner, J. (1987). Praise, involvement, and intrinsic motivation.
Journal of Personality and Social Psychology, 53, 383–390.

Kowal, J., & Fortier, M. S. (1999). Motivational determinants of flow: Contributions form self-
Determination Theory. The Journal of Social Psychology, 139(3), 355–368.

Krapp, A., & Ryan, R. M. (2002). Selbstwirksamkeit und Lernmotivation. Eine klinische
Betrachtung der Theorie von Bandura aus der Sicht der Selbstbestimmungstheorie und der
pädagogisch-psychologischen Interessentheorie [Self-efficacy and motivation. Bandura’s
theory as seen from the perspective of self-Determination Theory and pedagogical-psychological
theory of interest]. In J. Matthias & H. Diether (Eds.), Selbstwirksamkeit und Motivationsprozesse
in Bildungsinstitutionen (pp. 54–82). Weinheim: Beltz.

Krombass, A., & Harms, U. (2006). Ein computergestütztes Informationssystem zur Biodiversität als
motivierende und lernförderliche Ergänzung der Exponate eines Naturkundemuseums [A compu-
ter-based system of biodiversity as motivating and learning-supportive supplementation to the
exhibits of a natural history museum]. Zeitschrift für Didaktik der Naturwissenschaften, 12, 7–22.

Krombass, A., Urhahne, D., & Harms, U. (2007). Flow-Erleben von Schülerinnen und Schülern
beim Lernen mit Computern und Ausstellungsobjekten im Naturkundemuseum [Students’
flow-experience while learning with computers and exhibits in natural history museum].
Zeitschrift für Didaktik der Naturwissenschaften, 13, 87–101.

Marks, H. M. (2000). Students’ engagement in instructional activity: Patterns in the elementary,
middle, and high school years. American Educational Research Journal, 37, 153–184.

Martinek, D. (2010). Wodurch geraten Lehrer/innen unter Druck? Wie wirkt sich Kontrollerleben
auf den Unterricht aus? [What puts teachers under pressure? What effect has the experience of
control to class?]. Erziehung und Unterricht, 9–10, 784–791.

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 17



Massimini, F., & Carli, M. (1991). Die systematische Erfassung des Flow-Erlebens im Alltag [The
systematic measurement of flow-experience in everyday life]. In M. Csikszentmihalyi & I. S.
Csikszentmihalyi (Eds.), Die außergewöhnliche Erfahrung im Alltag: die Psychologie des Flow-
Erlebnisses (pp. 266–287). Stuttgart: Klett-Cotta.

McAuley, E., Duncan, T., & Tammen, V. V. (1989). Psychometric properties of the Intrinsic
Motivation Inventory in a competitive sport setting: A confirmatory factor analysis. Research
Quarterly for Exercise and Sport, 60, 48–58.

Meyer, A., Klingenberg, K., & Wilde, M. (2015). The benefits of mouse-keeping – an empirical
study on students’ flow and intrinsic motivation in biology lessons. Research in Science
Education, 46(1), 79–90.

Meyer-Ahrens, I., Meyer, A., Witt, C., & Wilde, M. (2014). Die Interessantheit des Kernlehrplans
Biologie aus Schülersicht [Students’ perspective on the interestingness of the german curriculum
for biology]. Der mathematische und naturwissenschaftliche Unterricht, 67(4), 234–240.

Meyer-Ahrens, I., Moshage, M., Schäffer, J., & Wilde, M. (2010). Nützliche Elemente von
Schülermitbestimmung im Biologieunterricht für die Verbesserung intrinsischer Motivation
[Beneficial elements of students’ self-determination to increasing intrinsic motivation in
biology lessons]. Zeitschrift für Didaktik der Naturwissenschaften, 16, 155–166.

Meyer-Ahrens, I., & Wilde, M. (2013). Der Einfluss von Schülerwahl und der Interessantheit des
Unterrichtsgegenstandes auf die Lernmotivation im Biologieunterricht [The influence of
pupils’ choice and the topic-interestingness on their motivation in biology lessons].
Unterrichtswissenschaft, 41(1), 57–71.

Mouratidis, A., Lens, W., & Vansteenkiste, M. (2010). How you provide corrective feedback makes
a difference: The motivating role of communicating in an autonomy-supportive way. Journal of
Sport and Exercise Psychology, 32, 619–637.

Müller, F. H., Hanfstingl, B., & Andreitz, I. (2007). Skalen zur motivationalen Regulation beim
Lernen von Schülerinnen und Schülern [Scales for motivational regulation in the learning
process of students]. Retrieved July 17, 2015, from http://ius.uni-klu.ac.at/publikationen/wiss_
beitraege/dateien/IUS_Forschungsbericht_1_Motivationsskalen.pdf

Ommundsen, Y., & Kvalø, S. E. (2007). Autonomy-mastery, supportive or performance focused?
Different teacher behaviours and pupils’ outcomes in physical education. Scandinavian
Journal of Educational Research, 51(4), 385–413.

Prokop, P., Tuncer, G., & Chudá, J. (2007). Slovakian students’ attitudes toward biology. Eurasia
Journal of Mathematics, Science & Technology Education, 3(4), 287–295.

Reeve, J. (1989). The interest-enjoyment distinction in intrinsic motivation. Motivation and
Emotion, 13(2), 83–103.

Reeve, J. (1998). Autonomy support as an interpersonal motivating style: Is it teachable?
Contemporary Educational Psychology, 23, 312–330.

Reeve, J. (2002). Self-Determination Theory applied to educational settings. In R. M. Ryan & E. L.
Deci (Eds.),Handbook of self-determination research (pp. 183–203). Rochester, NY: University of
Rochester Press.

Reeve, J. (2009). Why teachers adopt a controlling motivating style toward students and how they
can become more autonomy supportive. Educational Psychologist, 44, 159–175.

Reeve, J., Bolt, E., & Cai, Y. (1999). Autonomy-supportive teachers: How they teach and motivate
students. Journal of Educational Psychology, 91(3), 537–548.

Reeve, J., & Jang, H. (2006). What teachers say and do to support students’ autonomy during a
learning activity. Journal of Educational Psychology, 98, 209–218.

Reeve, J., Nix, G., &Hamm,D. (2003). Testingmodels of the experience of self-determination in intrin-
sic motivation and the conundrum of choice. Journal of Educational Psychology, 95(2), 375–392.

Rheinberg, F., Vollmeyer, R., & Engeser, S. (2003). Die Erfassung des Flow-Erlebens [The measure-
ment of flow-experience]. In J. Stiensmeyer-Pelster & F. Rheinberg (Eds.), Diagnostik von
Motivation und Selbstkompetenz (Test und Trends N.F. 2) (pp. 261–279). Göttingen: Hogrefe.

Ryan, R. M. (1982). Control and information in the intrapersonal sphere: An extension of cognitive
evaluation theory. Journal of Personality and Social Psychology, 43(3), 450–461.

18 N. HOFFERBER ET AL.

http://ius.uni-klu.ac.at/publikationen/wiss_beitraege/dateien/IUS_Forschungsbericht_1_Motivationsskalen.pdf
http://ius.uni-klu.ac.at/publikationen/wiss_beitraege/dateien/IUS_Forschungsbericht_1_Motivationsskalen.pdf


Ryan, R. M., & Connell, J. P. (1989). Perceived locus of causality and internalization: Examining
reasons for acting two domains. Journal of Personality and Social Psychology, 57(5), 749–761.

Ryan, R. M., Connell, J. P., & Deci, E. L. (1985). A motivational analysis of self-determination and
self-regulation in education. In C. Ames & R. E. Ames (Eds.), Research on motivation in edu-
cation: The classroom milieu (pp. 13–51). New York, NY: Academic Press.

Ryan, R. M., Connell, J. P., & Plant, R. W. (1990). Emotions in non-directed text learning. Learning
and Individual Differences, 2, 1–17.

Ryan, R. M., & Deci, E. L. (2000). Intrinsic and extrinsic motivations: Classic definitions and new
directions. Contemporary Educational Psychology, 25, 54–67.

Ryan, R. M., & Deci, E. L. (2002). An overview of self-determination theory. In E. L. Deci & R. M.
Ryan (Eds.), Handbook of self-determination research (pp. 3–33). Rochester (NY): University of
Rochester Press.

Ryan, R. M., Koestner, R., & Deci, E. L. (1991). Ego-involved persistence: When free-choice behav-
ior is not intrinsically motivated. Motivation and Emotion, 15, 185–205.

Sammet, R., Kutta, A. M., & Dreesmann, D. (2015). Hands-on or video-based learning with
ANTicipation? A comparative approach to identifying student motivation and learning enjoy-
ment during a lesson about ants. Journal of Biological Education, 49(4), 420–440.

Schneider, B., Strait, M., Muller, L., Elfenbein, S., Shaer, O., & Shen, C. (2012). Phylo-genie:
Engaging students in collaborative ‘tree-thinking’ through tabletop techniques. CHI ‘12 proceed-
ings of the SIGCHI conference on human factors in computing systems, Austin, TX (pp. 3071–
3080).

Shernoff, D. J., Csikszentmihalyi, M., Schneider, B., & Shernoff, E. S. (2003). Student engagement in
high school classrooms from the perspective of Flow Theory. School Psychology Quarterly, 18(2),
158–176.

Taylor, C. M., Schepers, J., & Crous, F. (2006). Locus of control in relation to flow. Journal of
Institutional Psychology, 32(3), 63–71.

Tessier, D., Sarrazin, P., & Ntoumanis, N. (2010). The effect of an intervention to improve newly
qualified teachers’ interpersonal style, students’ motivation and psychological need satisfaction
in sport-based physical education. Contemporary Educational Psychology, 35, 242–253.

Tsai, Y.-M., Kunter, M., Lüdtke, O., Trautwein, U., & Ryan, R. M. (2008). What makes lessons inter-
esting? The roles of situation and individual factors in three school subjects. Journal of
Educational Psychology, 100(2), 460–472.

Weinert, F. (2002). Vergleichende Leistungsmessung in Schulen – Eine umstrittene
Selbstverständlichkeit [Comparative assessment in schools – a controversial obviousness]. In
F. Weinert (Ed.), Leistungsmessung in Schulen (pp. 17–31). Weinheim: Beltz.

White, R. (1959). Motivation reconsidered: The concept of competence. Psychological Review, 66,
297–333.

Wilde, M., & Bätz, K. (2009). Sind die süüüß! –Der Einfluss des unterrichtlichen Einsatzes lebender
Zwergmäuse auf Wissenserwerb, Motivation und Haltungswunsch [Aren’t they cute? – the
effects of living harvest mice on knowledge acquisition, motivation and the desire for keeping
an animal in biology lessons]. IDB Berichte aus Institutionen der Didaktik der Biologie, 17,
19–30.

Wilde, M., Bätz, K., Kovaleva, A., & Urhahne, D. (2009). Überprüfung einer Kurzskala intrinsischer
motivation (KIM) [Testing a short scale on intrinsic motivation]. Zeitschrift für Didaktik der
Naturwissenschaften, 15, 31–45.

Wilde, M., Hussmann, J., Lorenzen, S., Meyer, A., & Randler, C. (2012). Lessons with living harvest
mice: An empirical study of their effects on intrinsic motivation and knowledge acquisition.
International Journal of Science Education, 34(18), 2797–2810.

Wilde, M., Meyer, A., & Klingenberg, K. (2010). Klein aber oho – Zwergmäuse im Unterricht
[Small, but oh my – harvest mice in biology lessons]. Unterricht Biologie, 357/358, 32–36.

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 19


	Abstract
	1. Introduction
	2. Theoretical framework
	2.1. Intrinsic motivation and flow-experience
	2.2. Autonomy-supportive vs. controlling teaching behaviour and its effects on motivation in biology education

	3. Hypotheses
	4. General methods
	4.1. Sample
	4.2. Test instruments
	4.2.1. Self-Regulation Questionnaire
	4.2.2. Perceived Self-Determination
	4.2.3. Intrinsic Motivation Inventory
	4.2.4. Flow Short Scale

	4.3. Test design and teaching process

	5. Results of study 1 (living animals)
	6. Results of study 2 (video sequences)
	7. Discussion
	Disclosure statement
	References



