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Basic needs support and
achievement emotions in daily
research of life scientists
considering academic positions

Julia S. Meuleners™, Birgit J. Neuhaus! and Julia Eberle?

HInstitute for Biology Education, Ludwig-Maximilians-University Munich, Munich, Germany,
2Padagogische Psychologie, Ruhr University Bochum, Bochum, Germany

Emotions are a crucial factor in daily research of academic staff and,
accordingly, affect scientific progress. Already before but especially during
the COVID-19 pandemic, the strong connection between working conditions
and work-related emotional states as antecedents for mental health of
academic staff gained more and more attention. However, in depths
investigations of researchers’ emotions in academia are still rare. In the
highly competitive field of academia, experiencing the working environments
as supportive may be an important influential factor for researchers’
emotions. On a structural level, academic positions may also be tied
to different emotional experiences. Taking a Self-Determination Theory
approach, we therefore investigate, whether a basic need-supportive
environment (regarding perceived competence and autonomy support, and
social relatedness to the scientific community) and the academic position
(research assistants without leading responsibility and principle investigators
with leading responsibility) predict activity-related achievement emotions
(enjoyment, anger, frustration, and boredom) during daily research activities.
However, measurements on basic needs support and achievement emotions
tailored to the specific academic research context are lacking. Therefore,
this study is aimed at developing fitted scales on these constructs. In
a cross-sectional survey, we questioned N = 250 life scientists in 13
German universities. Results of multiple linear regression analyses suggest
that supportive environments in academia were positively associated to the
level of experienced enjoyment and negatively to the level of experienced
frustration. Surprisingly, social relatedness to the scientific community
does not affect frustration. Principle investigators report a more favorable
emotional pattern with higher levels of enjoyment than research assistants.
However, the level of experienced frustration was not affected by the
academic position. The scales on anger and boredom seemed not to
differentiate emotional experiences on these two negative achievement
emotions in the research context accurately. Therefore, we needed to exclude
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anger and boredom from analyzes. Further research on these achievement
emotions is needed. We discuss our findings on enjoyment and frustration
and derive both theoretical and practical implications, taking an international
and interdisciplinary perspective.

academic staff, daily research, post-docs, professors, achievement emotions, basic
needs support, tertiary education

Introduction

The COVID-19 pandemic had shown how closely scientific
research is sometimes linked to emotional experiences. All of
a sudden, the whole world had started to follow scientific
progress in an unprecedented way. People were waiting for
vaccines or drugs against COVID-19, hoping that these tools
will help life get back to normal and COVID-19 will no longer
disrupt everyday work and personal lives to such a great extent
(Restubog et al., 2020). No wonder that communication between
researchers and society regarding the COVID-19 pandemic
was getting emotional (Chou and Budenz, 2020). However, the
link between emotions and research is not a new discovery,
although it was not often that obvious on a large scale
as was the case during the COVID-19 pandemic. Previous
research argues that scientific discoveries are impossible without
emotions (Fischer et al., 2014). Tran et al. (2021) showed in
their study that academic staff often reached their workload
limits due to continuously changing requirements for academic
work including research and teaching during the COVID-
19 pandemic. Resulting from the circumstances during the
pandemic, faculty begun to increasingly evaluate the emotional
state of their academic staff (Tran et al., 2021). Evaluating the
emotional state of academic staff showed that, e.g., anxiety is
common. The emotional state is closely linked to emotional,
mental, and physical exhaustion indicating burnout (Tran
et al, 2021). Tran et al. (2021) concluded that evaluating the
emotional state is relevant for estimating general well-being of
academic staff and for preventing burnout (Tran et al., 2021).
Furthermore, there is empirical evidence that emotions are
important drivers for many psychological aspects related to
scientific success, such as motivation (e.g., Lovoll et al., 2017),
well-being (e.g., Pekrun, 2006), and academic achievement (e.g.,
Pekrun et al., 2017; Forsblom et al., 2021).

However, despite the relevance of emotions during research
investigations on emotions of academic staff are rare. Most
research on emotions in academic contexts focused on school
contexts (e.g., Pekrun, 2006) and undergraduate programs in
the higher education context (Pekrun and Stephens, 2010;
Umucu et al.,, 2022). To close this research gap, we examined
in this study how academia can promote positive emotional
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experiences of researchers during research. Specifically, we
investigate perceptions of supportive conditions within the
academic environment for positive emotional experiences
during daily research considering the academic position.

Doing research in academia

In a first step, we give a brief overview about structural
conditions for researchers in academia. We describe research
conditions from an international perspective and add some
specific information on the German academic system, in which
our study is situated.

Academic activities include doing research, teaching, service
(including service to clients, consulting, and public service),
administration, and other related activities (Teichler et al,
2013). However, researchers’ core task is doing research
(Boyer, 1990). Competition and pressure to perform determine
research in universities. In most academic systems, only those
who successfully publish their research and raise external
funds for new research projects get a chance for the next
academic position and, finally, a permanent position (Kwiek
and Antonowicz, 2015). Some academic systems come with
further structures that put pressure on junior researchers. In
Germany, for example, the length of fixed-term employment for
scientific qualifications (such as the doctorate and habilitation)
before a permanent position must be obtained, is set at 12 years
in total (plus possible extension for specific reasons, such
as childcare) (Law on fixed-term employment contracts in
academia [WissZeitVG], 2016, §2, Abs. 1). There is an imbalance
between only few professorship positions to be filled and many
trained junior researchers, who are forced to get a permanent
position before the 12 years fixed time for qualification expires in
order to continue working in the academic system (Krempkow
et al, 2014; Consortium for the National Report on Junior
Scholars [BuWiN], 2021).

Simultaneously, there are some shortfalls in structural
working conditions in academia, which can hamper long-term
academic careers: Previous studies showed that academia lacks
structures for career advancement (Krempkow, 2010), lacks
professorship positions and alternative permanent positions
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(Consortium for the National Report on Junior Scholars
[BuWiN], 2021), and scientific careers are often difficult to
match with family planning (Krempkow and Sembritzki, 2017).
Furthermore, researchers are employed mostly with fixed-
term and part-time contracts during the doctorate and even
as post-doctoral researchers while working hours over time
is required (Teichler et al, 2013; Krempkow et al, 2014;
Krempkow, 2017; Consortium for the National Report on
Junior Scholars [BuWiN], 2021). There are already tendencies
to improve structural working conditions at the university
(Hohle and Teichler, 2016): there is an increasing amount of
personal development offers (Krempkow et al., 2016) and more
permanent positions are set up (Krempkow, 2017). However,
doing research in academia still comes with highly competitive
working conditions in mostly insecure career paths.

Typically, an academic career path is separated into four
career stages (European Commission [ECJ, 2011): (1) during
doctoral studies, doctoral candidates as first stage researchers
gain their initial scientific experiences. (2) As recognized
researchers, doctoral graduates, who are mostly employed as
research assistants, gain further scientific experiences in post-
doctoral research. (3) In a third step, established researchers take
responsibility for guiding other scientists, e.g., in Germany as
junior research group leaders, junior professors, and in tenure-
track-professorships (Consortium for the National Report on
Junior Scholars [BuWiN]J, 2021). (4) Taking the last career
step, researchers do independent scientific research as full
professors in permanent employment (European Commission
[EC], 2011). The degree of independence regarding research
activities differs between the stages of an academic career.
Mainly, there is a difference of independency in research
between the first two stages (1)-(2) and the last two stages
of an academic career (3)-(4). Research assistants (1)-(2) and
principle investigators (hereafter referred to as PIs) (3)-(4)
differ in their research activities: Research assistants mostly
are limited in their independency of scientific research and
their mostly fixed-term employment is insecure. In contrast,
PIs hold mostly permanent positions (full professors) or have
a permanent position in prospect (junior research group
leaders, junior professors). They conduct already somewhat
independent scientific research. Nevertheless, research assistants
usually spend more time on research than PIs, who in contrast
teach more than research assistants (Hohle and Teichler, 2016).

In other professional contexts, positions within an
organization are relevant for emotions: Previous research
has provided evidence that the status within an organization
influences expression of emotions (e.g., anger in the workplace)
and emotional patterns are associated with positions: persons
in leading positions express emotions (e.g., anger, pride) more
frequently than subordinated persons (Tiedens et al., 2000;
Sloan, 2004). Specific emotional patterns (e.g., feeling pride)
are associated with leading positions while other patterns
(e.g., appreciate) are perceived being linked to subordinated
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positions (Tiedens et al., 2000). Furthermore, there are different
factors predicting emotions depending on the status within an
organization: e.g., subordinates breaking the rules is mostly a
predictor for anger in persons with leading positions, while
perceived unfair treatment often leads to anger in subordinated
persons (Fitness, 2000). There is also evidence for the influence
of some job characteristics on positive affective experiences
(e.g., autonomy in tasks is related to positive affects) (Saavedra
and Kwun, 2000). Regarding differing research activity patterns
of different career stages in academia, it is conspicuous, that
research on emotional status in academia as organization is
rare and, especially, research on the effect of the academic
position on emotional experiences is lacking. However,
based on previous findings on differences in emotional
experiences between employees in different positions within
the organization in other contexts and findings on differences
in research activities between academic positions, we assume
that the academic position held by the researcher affects
emotional experiences.

Emotional experiences in academia

During the COVID-19 pandemic, precarious circumstances
for teaching and researching in academia made the relevance
of emotional states and mental health of academic staff
more obvious (Tran et al, 2021). The study of Tran et al.
(2021) focused the emotional state of the academic staff on
a broader level without concrete emotion theories as basis.
Researching in academia is highly competitive and, thus,
complex because it includes several tasks [e.g., networking,
collaborating, managing, doing, publishing research (Kyvik,
2013)]. Due to the complexity of research, the question
arises how the emotional state of researchers can be captured
efficiently and in more detail.

Research on emotions distinguishes between basic emotions
and emotions in specific contexts. Tracy and Randles (2011)
state that basic emotions, such as fear, anger, or happiness,
are a small number of separated emotions that arise in
the presence of certain stimuli, which result in neurological
and physical expressions that can be found across cultures.
Furthermore, basic emotions have a motivational component
and are universal. Basic emotions are crucial factors in cognitive
and behavioral processes. However, in complex situations, basic
emotions interact with each other resulting in more complex
emotional experiences and behavioral patterns (Tracy and
Randles, 2011). For capturing very complex situations, basic
emotions fall short. Pekrun (2006) defined specific achievement
emotions describing emotional experiences in situations when
individual’s achievement count. Since competition and pressure
to perform characterize research in academia, academic research
can be defined as an achievement situation. Thus, achievement
emotions (Pekrun, 2006) are relevant constructs to gauge
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affective experiences during research. In the context of
higher education, there is already evidence for the relevance
of achievement emotions in educational contexts prior to
scientific careers of doctoral graduates (e.g., undergraduate
degree programs) (Pekrun and Stephens, 2010). Furthermore,
emotional experiences are relevant for academic achievement
and progress: previous studies provided evidence for the
impact of achievement emotions on various factors such as
achievement (Staw et al., 1994; Weiss and Cropanzano, 1996;
Pekrun, 2006; Peixoto et al., 2016; Pekrun et al., 2017; Shao
et al., 2020; Forsblom et al., 2021), motivation (Pekrun, 2006;
Vandercammen et al., 2014; Lovoll et al., 2017), and well-being
(Deci and Ryan, 2000; Pekrun, 2006). Achievement, motivation
and well-being resulting from positive emotional experiences
can be assumed as basis for scientific progress because only
motivated, mentally healthy researchers are able to make
scientific achievements and to contribute to scientific progress.

There are two types of achievement emotions: activity-
related and outcome-related achievement emotions. Activity
emotions arise during achievement situations (e.g., research
activities) while outcome emotions are related to the
achievement outcome (e.g., a published paper). Here, we
focus on activity-related achievement emotions to capture
emotional experiences of researchers during their research
tasks because activity-related emotions directly reflect how
researchers feel while conducting research. Pekrun defines four
activity emotions: enjoyment, anger, frustration and boredom
(Pekrun, 2006).

Individuals feel enjoyment when a positive valued event
occurs while they perceive a high level of control of the
event (Pekrun, 2006, 2019). In academia, enjoyment may
be experienced, e.g., during capturing data coinciding with
previous assumptions. Pekrun (2006, 2019) assumes that a
person feels anger when a negative valued event occurs and
the person feels a high level of control of the event. In
academia, researchers may be angry when, e.g., they realize
during conducting a carefully designed experiment that the
experiment leads to non-analyzable outcomes caused by errors
in running the experiment. A person is frustrated when a
positive valued event does not occur or a negative valued event
occurs whereby a person has no control over it (Pekrun, 2006,
2019). Frustration in academia may arise, e.g., during revising a
manuscript when scientists do not know how to improve their
manuscript due to incomprehensible critic of journal reviewers
and the revision fails. Finally, a person feels boredom if a non-
valued event does or does not occur whereby it does not matter
if the person perceives a high or a low level of control about
the event (Pekrun, 2006, 2019). Related to research activities,
listening to an oral presentation during a conference, which is
unexpectedly not associated to their own research interests, can
trigger boredom of researchers.

Research on emotional experiences in the context of
academia is rare, but previous research emphasized the
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relevance of emotions for mental health and preventing
burnout in academia (Tran et al, 2021). The construct of
achievement emotions (Pekrun, 2006, 2019) seems to be
appropriate to efficiently describe emotional experiences in the
highly competitive context of academic research. Although,
there are already measurements on achievement emotions in
higher education contexts [e.g., the Achievement Emotions
Questionnaire (AEQ) on achievement emotions of university
students (Pekrun et al, 2005, 2011)], measurements on
achievement emotions in the specific context of academic
research are lacking.

Supportive environment in academia
through the lens of Self-Determination
Theory

Emotions do not come out of the blue but are caused by
antecedents (e.g., Pekrun, 2006, 2019; Tracy and Randles, 2011).
Several environmental factors predict experienced achievement
emotions (Pekrun, 2006, 2019), including support of autonomy,
feedback on achievement, and the groups in which the persons
are embedded (Pekrun, 2019; Pekrun et al., 2019). For capturing
the complexity of social environmental influences on emotional
experience in academia, it seems to be helpful to characterize
these influences using Self-Determination Theory (SDT). SDT
states that supporting three basic psychological needs (need for
autonomy, competence, and social relatedness) is necessary for
positive emotional experiences (Deci and Ryan, 2012). There
is already evidence for the effect of strengthening basic needs
through the social environment on achievement emotions (joy
and boredom) in the context of 8th and 9th graders in school
(Flunger et al., 2013).

SDT defines the need for competence as the need for
experiencing success or feeling able to learn from failure
and extend previous abilities (Vansteenkiste et al, 2020).
In academia, doing research is an achievement situation
determined by competition. Researchers compete in long
qualification phases (doctoral studies, post-doctoral phase,
junior professorship or similar), in which they have to prove
themselves. In this context, feedback and encouragement from
supervisors or colleagues is important to support the need for
competence. Thus, doing, managing and publishing research
is always bound up with evaluation (Kyvik, 2013), which may
satisfy or thwart researchers’ need for competence depending
on how this evaluation is delivered and interpreted and,
consequently, influence their emotions.

Individuals are satisfied in their need to feel autonomous
when they are able to act, think and feel like themselves and
in line with their attitudes and values (Vansteenkiste et al.,
2020). In the academic context, autonomy is a central value
(Henkel, 2005). Researchers work more or less autonomous on
research questions of individual interest — taking into account
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the relevance for and the interest of society in those questions.
The extent to which they feel autonomous, consequently, affects
their emotions during research.

SDT states, furthermore, that individuals need to feel related
to a group of other individuals (e.g., Deci and Ryan, 2012).
In the competitive context of science, researchers investigate
increasingly complex research questions - consequently,
collaborations between researchers become more and more
important (Gliser, 2012). Kyvik (2013), accordingly, defines
two central social facets of a researcher’s role: networking
and collaborating. Since exchange with other researchers
in collaborative projects or during peer reviews become
increasingly important, social relatedness to the scientific
community is particularly relevant already during the doctorate
(Meuleners et al., under revision). A researcher is typically
associated to several scientific communities based on scientific
interests and expertise (Kienle and Wessner, 2005). Scientific
communities are dynamic while community-members refer to
each other’s scientific work and to a shared knowledge base of
the specific research field (Kienle and Wessner, 2005; Gliser,
2012; Vekkaila, 2014).

Basically, SDT explains self-determined behavior based
on the satisfaction of basic psychological needs. However,
SDT comprises several further factors, which are influenced
by these needs. There is empirical evidence for the effect
of basic needs on motivation (e.g., Olafsen et al,, 2018),
scholarly identity, and career aspirations (Meuleners et al,
under revision) as well as achievement emotions (Flunger
et al, 2013). So far, SDT-research related to emotions
focused mostly on emotion regulation (e.g., Roth et al,
2019; Benita, 2020), showing evidence for the influential
effect of basic needs satisfaction on emotion regulation
styles (e.g., Brenning et al, 2015; Benita et al., 2019). In
the academic context, the variety of experienced specific
positive and negative achievement emotions beyond
regulating emotions is highly relevant for SDT-research
because the emotional patterns may indicate potential for
emotion regulation.

However, in academia, research on promoting supportive
structures for professional development of academic staff
focused mostly on doctoral studies and investigations on
supportive structures in later career stages are still rare.
Accordingly, there are already scales on basic needs support
during the doctorate (van der Linden et al, 2018), while
measurements on the three basic psychological needs tailored to
the specific academic research context after doctoral graduation
are lacking. But, policy demands for increasingly investigate
such supportive structures in later career stages (European
Science Foundation [ESF], 2012). Therefore, this study is aimed
at closing this research gap by analyzing the perception of
supportive structures of the social environment in relation to
basic psychological needs and, thus, emotional experiences of
the academic staff.
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Research questions and hypotheses

We have argued that despite the fact that emotions
are closely linked to scientific research because emotions
are a necessary prerequisite for discovering new knowledge
(Fischer et al, 2014), insights on the emotional state
during research is lacking. Precarious conditions in academia
during the COVID-19 pandemic emphasized the relevance
of tracking the emotional state of academic staff as the
emotional state is closely related to mental health and the
prevention of burnout (Tran et al, 2021). Previous studies
already support the linkage between emotions and the social
environment (e.g., Flunger et al., 2013). However, we still
know little about the role of need supportive structures for
a positive emotional state in academia. Besides the influence
of individual experiences of a supportive environment on
emotions, structural characteristics are relevant for emotions
as well. There is empirical evidence that differences in
leading positions and subordinated positions in organizations
influence emotional experiences (e.g., Fitness, 2000; Saavedra
and Kwun, 2000; Tiedens et al., 2000; Sloan, 2004). However,
research on emotional experiences in different positions in the
specific organization of universities is lacking. This leads to
the question, how academia can promote positive emotional
experience patterns in different academic positions. Therefore,
this study is aimed at analyzing the relationship between the
perception of the professional context’s need supportiveness in
academia (perceived competence and autonomy support, social
relatedness to the scientific community) and the emotional
states of post-doctoral life scientists in Germany (enjoyment,
anger, frustration, and boredom) in different academic positions
(research assistants and PIs).

We suggest a predictive power of basic needs support
on achievement emotions during daily research based on
theoretical assumptions and empirical evidences: Basic
psychological needs influence emotions (Deci and Ryan,
2012) and predictors in achievement emotions (autonomy
support, achievement feedback and consequences, as well as
integration in a community) coincide with the definition of
basic psychological needs (need for autonomy, competence,
and social relatedness) (Pekrun, 2006; Vansteenkiste et al.,
2020). Furthermore, there is already empirical evidence for
the effect of basic needs support on basic needs satisfaction
as well as on emotions (Sheldon et al., 1996; Reis et al,
2000; Flunger et al., 2013; Olafsen et al., 2018). Competence
confirmation is related to the emotional state: For example,
positive feedback leads to positive emotions, e.g., enjoyment
(Weiss and Cropanzano, 1996; Fisher and Ashkanasy, 2000).
In professional contexts, feedback as a variant for competence
support leads to positive affective experiences (Chaudhry
et al., 2015). Therefore, it can be assumed that the need for
competence is a relevant factor in academia for the prediction
of emotions during research. Additionally, autonomy is a

frontiersin.org


https://doi.org/10.3389/feduc.2022.868752
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Meuleners et al.

relevant factor in the professional context with effects on
affective experiences (Chaudhry et al., 2015). It can be assumed
that there is a distinct need for autonomy in researchers
related to emotional experiences. Previous research on the
effect of basic needs on achievement emotions did not
find a significant relationship between social relatedness
and achievement emotions (joy and boredom) in the
context of school (Flunger et al, 2013). Nevertheless, we
include social relatedness to the scientific community due to
evidences for the relevance of relationships in achievement
situations predicting achievement emotions (Clem et al,
2020) and due to the relevance of networks to other scientists
(e.g., in research collaborations) in the specific context of
doctoral graduates in academia (Gldser, 2012; Kyvik, 2013).
Consequently, we derive the following research question and
hypotheses:

RQ 1: How does the degree of perceived supportiveness of the
scientific context predict activity-related achievement emotions in
the daily routine of doctoral graduates in the life sciences?

Hypothesis 1: The degree of perceived supportiveness of
the scientific context positively predicts the experience of
enjoyment in life scientists.

(a) Perceived competence support in academia positively
affects the experience of enjoyment. (b) Perceived autonomy
support in academia positively affects the experience of
enjoyment. (c) Social relatedness to the scientific community in
academia positively affects the experience of enjoyment.

Hypothesis 2: The degree of perceived supportiveness of
the scientific context negatively predicts the experience of
anger in life scientists.

(a) Perceived competence support in academia negatively
affects the experience of anger. (b) Perceived autonomy support
in academia negatively affects the experience of anger. (c) Social
relatedness to the scientific community in academia negatively
affects the experience of anger.

Hypothesis 3: The degree of perceived supportiveness of
the scientific context negatively predicts the experience of
frustration in life scientists.

(a) Perceived competence support in academia negatively
affects the experience of frustration. (b) Perceived autonomy
support in academia negatively affects the experience of
frustration. (c) Social relatedness to the scientific community in
academia negatively affects the experience of frustration.

Hypothesis 4: The degree of perceived supportiveness of

the scientific context negatively predicts the experience of
boredom in life scientists.
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(a) Perceived competence support in academia negatively
affects the experience of boredom. (b) Perceived autonomy
support in academia negatively affects the experience of
boredom. (c) Social relatedness to the scientific community in
academia negatively affects the experience of boredom.

Furthermore, we are interested in the effect of different
academic positions on achievement emotions during research.
There is already evidence for the influence of the status
within an organization on the acceptance of showing emotions
(Tiedens et al, 2000; Sloan, 2004), different predictors of
emotions in organizations (Fitness, 2000), and the relationship
between job characteristics and positive affective experiences
(Saavedra and Kwun, 2000). Based on different characteristics
of conducting research for PIs (conducting independent
scientific research) and research assistants (conducting limited
independent scientific research) (Hohle and Teichler, 2016),
we assume differences in emotional experiences due to the
different career stages of PIs and research assistants. Here, we
concentrate on academic careers after doctoral graduation. We
focus on the academic position characterized through leadership
responsibility (PI) or lack thereof (research assistant) in addition
to a supportive environment as a job characteristic in post-
doctoral research. These assumptions lead to the following
research question and hypotheses:

RQ 2: Do researchers in different academic positions differ
regarding their activity-related achievement emotions in daily
research?

Hypothesis 5: Researchers in academic positions with
leadership responsibility (PIs) experience more enjoyment
than researchers in academic positions without leadership
responsibility (research assistants).

Hypothesis 6: Researchers in academic positions with
leadership responsibility (PIs) experience less anger than
researchers in academic positions without leadership
responsibility (research assistants).

Hypothesis 7: Researchers in academic positions with
leadership responsibility (PIs) experience less frustration
than researchers in academic positions without leadership
responsibility (research assistants).

Hypothesis 8: Researchers in academic positions with
leadership responsibility (PIs) experience less boredom
than researchers in academic positions without leadership
responsibility (research assistants).

However, both measurements on basic needs and on
achievement emotions in the specific context of academic
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research are lacking. Therefore, this study is further aimed
at developing scales on perceived competence and autonomy
support as well as on social relatedness within SDT tailored
to the research context in academia. Additionally, this study
is aimed at developing scales on research-related achievement
emotions (enjoyment, anger, frustration, and boredom).

Materials and methods

Participants and procedures

The present study is part of the “E-Prom”-project that
investigated influential factors on academic careers of doctoral
graduates in the life sciences, funded by the German Federal
Ministry of Education and Research (BMBF). In this paper,
we present a subset of data collected in a cross-sectional
study on doctoral graduates in the life sciences working
at German universities in 2018. Invited participants were
affiliated to one of 13 German universities that were selected
as representative for different types of scientific locations
in Germany, including both technical and non-technical as
well as small and large universities. We invited all graduated
life scientists at these 13 universities to answer an online-
questionnaire. N = 250 graduated life scientists answered the
questionnaire and provided answers to all items of scales
relevant for this study (response rate was 5%). We excluded
researchers in parental leave, working abroad, and non-
academic staff. The subsample used in this article consists of
250 researchers, 38% male and 40% female researchers (22%
did not answer this question). The surveyed life scientists were
aged between 31 and 65 (mean ~ 44 years; median = 41 years;
mode = 41 years). The subsample includes mainly biologists
(61%) and physicians (12%), the remaining 27% had a
background in other fields within the life sciences (e.g., chemists,
biochemists, biotechnologists, among others). The academic
positions of the surveyed researchers ranged from research
assistants to full professors, with 71% holding a position without
leading responsibility (research assistants) and 29% being PIs.

Measures

The online-questionnaire contained various questions
related to working conditions of life scientists. For the present
study, we focus on their perceived competence support,
perceived autonomy support, and social relatedness to the
scientific community in the present employment at the
university. Since fitted measurements on basic needs support
in the academic research context after doctoral graduation
are lacking, we newly developed such scales. For measuring
perceived competence and autonomy support as well as social
relatedness to the scientific community as one highly relevant
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group in the academic context, we developed scales based on
assumptions of SDT adapted to the specific academic context
for ecological validity (Deci and Ryan, 2002; Vansteenkiste et al.,
2020). The three scales on basic needs are analog to the scales
in a previous study (Meuleners et al., under revision). In the
previous study, the scales were phrased in the past questioning
the experiences during the doctoral phase whereas the scales
here were phrased in the present questioning the experiences in
the current situation during research. Furthermore, we extended
the scale on perceived autonomy support for improving the
quality adding further five items—the scale in the previous study
contained of three items while the scale in the present study
included eight items.

Perceived competence support

The first scale measured in four items how the researchers
perceive the support of their competence (o = 0.82). Here, the
measurement focused on self-perceptions of the participants
about the external support of the social environment for
their competence. A sample item was “I'm always given the
impression that I am making progress.” The items were reported
on a Five-Point-Likert-Scale from 1 (completely disagree) to 5
(completely agree).

Perceived autonomy support

To report the perception of autonomy support, participants
answered an 8-item scale (a0 = 0.86). Again, the measurement
focused on participant’s self-perception about social
environment’s support for their autonomy. “I can always
divide up my tasks on my own” was one sample item. The
answer-scale ranged on a Five-Point-Likert-Scale from 1

(completely disagree) to 5 (completely agree).

Social relatedness to the scientific community
In a 6-item scale, we measured the perception of

0.92). One

sample item was “I feel like a member of my scientific

belongingness to the scientific community (o0 =

community.” The participants answered also on a Five-
Point-Likert-Scale ranging from 1 (completely disagree) to 5
(completely agree).

Furthermore, we focus on researchers activity-related
achievement emotions (enjoyment, anger, frustration,
and boredom) during their scientific work. Again, fitted
measurements on achievement emotions in academic contexts
after doctoral graduations are lacking. The four activity-related
achievement emotions were measured with newly developed
instruments that we adapted from the Achievement Emotions
Questionnaire (AEQ) (Pekrun et al., 2005, 2011) tailored to
academic contexts of doctoral graduates based on assumptions
about achievement emotions. We adapted items of the AEQ
on enjoyment, anger, frustration, and boredom to the research
context staying as close as possible at the origin. We discuss and

reconsider each item in a group of experts (doctoral graduates)
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and non-experts (doctoral candidates) in the life sciences for
improving the fit of our items for the special group of doctoral
graduates researching in academia.

Activity-related enjoyment

Participants reported their enjoyment during researching
on a 3-item scale (¢ = 0.83). One sample item was “I'm
working in academia with enthusiasm.” They answered on a
Five-Point-Likert-Scale ranging from 1 (completely disagree) to

5 (completely agree).

Activity-related anger

On a 3-item scale, we examined the research-related
anger (a0 = 0.76). One sample item was “I'm angry while
doing scientific work.” The answer-scale ranged on a
Five-Point-Likert-Scale from 1 (completely disagree) to 5

(completely agree).

Activity-related frustration

To examine the frustration about research activities,
participants answered a 2-item scale (a = 0.61). One sample item
was “While researching, I'm frustrated.” Participants answered
on a Five-Point-Likert-Scale ranging from 1 (completely
disagree) to 5 (completely agree).

Activity-related boredom

Participants reported their research-related boredom on a 3-
item scale (o = 0.73). One sample item was “When researching,
I'm without energy.” They indicate their agreement on a Five-
Point-Likert-Scale ranging from 1 (completely disagree) to 5
(completely agree).

Academic position

Finally, participants information on their

academic position answering which academic position they held

provided

(“What is your current academic position at the university?”).
They indicate their academic position as research assistant
(including research assistants, academic councilor, and lecturer)
or PI (including junior research group leader, junior professors,
and full professors).

A full list of used items in the developed scales can be found
at https://osf.io/pa852.

Data analysis

In a first step, we took a closer look at the factorial
structure of our newly developed scales calculating confirmatory
factor analyses on the three basic needs as well as on
the four research-related achievement emotions. Second, to
test our hypotheses, we calculated multiple linear regressions
for each activity-related achievement emotion using SPSS
28. As predictors, we included the supportiveness of the
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three basic psychological needs (perceived autonomy and
competence support and social relatedness) and the academic
position (PI, research assistant) held by the researchers,
using forced entry (Field, 2009). Preliminary examinations
for multiple linear regression as demanded by Field (2009)
yielded approximate linear relationships between predictors and
achievement emotions as criterions, no multicolinearity of the
predictors (Tolerance > 0.10, VIF < 10, and average VIF ~ 1),
and homoscedasticity (White-tests, p > 0.05). Furthermore,
the criterion of conditional expectation, meaning the average
error value is zero for every value of the predictor variables
is met in our analysis. However, the interval-scaled criterions
(achievement emotions) are not normally distributed (Shapiro—
Wilk test, p < 0.05) (Shapiro and Wilk, 1965). Consequently,
we calculated multiple linear regression using bootstrapping for
addressing non-normal distribution (Pek et al., 2018). We used
regression analysis to make statements about the predictions
(Rasch et al., 2006).

Results

In the following sections, we give a brief overview about the
descriptive results. Before reporting the results of the multiple
linear regressions, we present tests for group differences.

Descriptive results

Table 1 gives an overview of the descriptive statistics of the
variables, reporting scale means, standard deviations, minimal
and maximal responses within the Five-Point-Likert-Scale for
coherence with the sections on measurements, Cronbach’s alpha
(o), and the number of scale items (Njtes). Scale means for
perceived competence support, perceived autonomy support,
and social relatedness to the scientific community are close to
the center of the Likert-Scale. Cronbach’s alpha values between
0.85 and 0.92 indicate satisfactory scale reliabilities (Neuhaus
and Braun, 2007). Regarding the achievement emotions,

TABLE 1 Overview of descriptive statistics.

Variables M (SD) Max Min o Nitems
1. Perceived competence support 3.13 (0.95) 5 1 0.85 4
2. Perceived autonomy support 3.67 (0.70) 5 1 0.86 8
3. Social relatedness to the 3.43(0.92) 5 1 0.92 6
scientific community

4. Enjoyment 3.95(0.79) 5 1 0.83 3
5. Anger 1.62 (0.70) 5 1 0.76 3
6. Frustration 2.24(0.92) 5 1 0.61 2
7. Boredom 1.47 (0.63) 4 1 0.73 3

Means (M), standard deviations (SD), minimal (Min) and maximal responses (Max),
Cronbach’s alpha (), and the number of items (Njzeps).
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enjoyments scale mean is close to the center of the Likert-
Scale, too, showing an adequate variance in participant’s answer
patterns. The frustration’s scale mean is a bit lower (2.24). In
contrast, scale means of the remaining negative research-related
achievement emotions of anger and boredom are visibly lower
(between 1.47 and 1.62). Nevertheless, Cronbach’s alpha values
between 0.61 and 0.83 indicate still satisfactory scale reliabilities
(Neuhaus and Braun, 2007).

The confirmatory factor analysis on the newly developed
scales on perceived competence and autonomy support as well
as on social relatedness to the scientific community shows that
all items can be separated properly in three factors representing
the hypothesized scales (loadings ranging from |0.42| to |0.93|,
average loading of [0.76|). The three-factor solution explains
63.0% of variance. Furthermore, we investigate the factorial
structure of the newly developed scales on the research-
related achievement emotions enjoyment, anger, frustration,
and boredom. In a confirmatory factor analysis of all items,
the four achievement emotions cannot be separated accurately.
The low scale means for anger and boredom indicate a poor
variance in the answers of the participants—most researchers do
not feel anger or boredom during their research activities at all.
Additionally, anger and boredom cannot be separated properly
in factor analysis. Therefore, it seems not to be expedient
to analyze the effect of the social environment (perceived
competence support, perceived autonomy support, and social
relatedness to the scientific community) on these negative
achievement emotions. We exclude these two emotions from
the following analyzes. Excluding one item of the frustration
scale (item 9), factor analysis of the items on enjoyment and
frustration shows that these two emotions can be separated
properly. Here, two factors can be separated (loadings ranging
from [0.69] to |0.91|, average loading of |0.82[). The two-factor
solution explains 74.4% of variance. In summary, the following
analyzes include perceived competence and autonomy support,
social relatedness to the scientific community, enjoyment,
and frustration.

The results in the correlation matrix of the five investigated
variables (see Table 2) outline already the relevance of a need
supportive environment and of the academic position regarding

TABLE 2 Correlation matrix for the investigated variables of basic
needs support and achievement emotions.

Variables 1 2 3 4 5

1. Perceived competence support

2. Perceived autonomy support 0.49+**
3. Social relatedness to the SC 0.07 0.10
4. Enjoyment 0.35%%*  0.357%  0.307**

5. Frustration -0.23%* -0.26"** -0.13** -0.51***

6. Academic position 0.02 0.09 0.35%*  0.26* -0.11

*p < 0.05,**p < 0.01, ***p < 0.001. Significant correlations are highlighted in bold.
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life scientists’ achievement emotions. Perceived supportiveness
for the needs of competence, autonomy, and social relatedness
to the scientific community correlate positively with enjoyment
during research and negatively with frustration. Furthermore,
the academic position correlates positively with enjoyment and
negatively with frustration.

Test for group differences

Before conducting multiple linear regressions, we controlled
for differences between possibly relevant subgroups within our
sample. First, we compared male and female life scientists
because of previous empirical evidence for the impact of
gender on emotions (Shields, 2000; Fischer et al, 2004;
Pekrun, 2006; Frenzel et al., 2007; Brescoll and Uhlmann,
2008; Kelan, 2008) and the relevance of gender differences
in scientific productivity (Lindahl et al., 2021). We calculated
a t-test to check gender-related differences of the measured
achievement emotions showing no significant differences
[tenjoyment(193) = 0451, p = 0.652; tfrustmtion(193) = —1.375,
p = 0.171]. Second, we compared different fields within the
life sciences (biology, medicine, and other fields) conducting
univariate analysis of variance showing no significant differences
[Fenjoyment(3) = 0.862, p = 0.461; Ffrustration(3) = 1.408,
p = 0.241]. Therefore, we do not report the results of
the tests for group differences, but report results of the
complete sample.

Multiple linear regression

We calculated two multiple linear regression analysis for
the prediction of each activity-related achievement emotion
using perceived supportiveness for competence, autonomy,
social relatedness to the scientific community, and the academic
position (see Table 3). The academic position was coded as
dummy variable (PI = I, research assistant = 0). In the following,
we report the results of our analysis separated for each emotion
(enjoyment and frustration).

To explain the perceived enjoyment during academic
activities, we computed a multiple linear regression. We tested
the association of perceived competence and autonomy support,
social relatedness to the scientific community, and the academic
position for explaining the positive activity-related achievement
emotion enjoyment. The tested multiple linear regression model
turned out to be significant [F(4,245) = 21.351, p < 0.001].
The four predictors together explain approximately 25% of the
variance of enjoyment (R? = 0.246, p < 0.001). The effect size
of f2 = 0.33 showed a medium effect (Cohen, 1992). All four
predictors, perceived competence support (f = 0.21, p < 0.001),
perceived autonomy support (B = 0.27, p = 0.002), social
relatedness to the scientific community (f = 0.21, p < 0.001), and
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TABLE 3 Results of multiple linear regressions predicting researcher’s activity-related achievement emotions (enjoyment and frustration) by
perceived competence support, autonomy support, social relatedness, and the academic position (N = 250).

Criterion Predictors 3 b (SE) T P R?
Enjoyment Intercept 1.8 (0.28) 6.602 <0.001 0.25 (p < 0.001)
Perceived competence support 0.21 0.19 (0.05) 3.609 <0.001
Perceived autonomy support 0.27 0.23 (0.07) 3.194 0.002
Social relatedness 0.21 0.18 (0.05) 3.535 <0.001
Academic position 0.17 0.30 (0.10) 2.902 0.004
Frustration Intercept 3.83(0.35) 10.851 <0.001 0.08 (p < 0.001)
Perceived competence support —0.14 —0.14 (0.07) —1.990 0.048
Perceived autonomy support —0.18 —0.24 (0.09) —2.582 0.010
Social relatedness —0.07 —0.07 (0.07) —1.144 0.254
Academic position —0.08 —0.15(0.13) —1.171 0.243

Significant relationships are highlighted in bold. Academic position was coded as dummy variable (P = 1 and research assistant = 0).

the academic position (B = 0.17, p = 0.004), were significantly
associated with enjoyment during research. Perceived autonomy
support had the highest effect.

Second, we investigated the association of frustration
with the perceived support for autonomy, competence, and
social relatedness to the scientific community and the
academic position. The tested regression model was significant
[F(4,245) = 6.710, p < 0.001]. Approximately 8% of variance
in frustration was explained in a multiple linear regression by
perceived support of the three basic psychological needs and the
academic position [R? = 0.084, p <0.001]. This was a weak effect
(f? = 0.09, Cohen, 1992). However, only perceived competence
support (B = —0.14, p = 0.048) and perceived autonomy
support (p = —0.18, p = 0.010) were significantly associated to
frustration. The effect of social relatedness (f = —0.07, p = 0.254)
and the academic position ( = —0.08, p = 0.243) on frustration
was not significant. Again, perceived autonomy support was
associated to frustration with the highest effect.

Discussion

This study is aimed at investigating the perceived
supportiveness of the social environment in academia during
research and the academic position for explaining emotional
states of graduated life scientists. Therefore, we analyzed two
research questions. Regarding the first research question on
how does the degree of perceived supportiveness of the scientific
context predict activity-related achievement emotions in daily
research of German life scientists, the results of this study
show that the perception of supporting basic psychological
needs (need for competence, need for autonomy) and being
socially related to the scientific community are significantly
related to achievement emotions during research (enjoyment,
frustration). High levels in (a) perceived competence and
(b) perceived autonomy support as well as in (c) social
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relatedness to the scientific community are associated with
high levels in enjoyment during academic activities of German
life scientists (supporting hypothesis 1). Low levels in (a)
perceived competence and (b) perceived autonomy support
also imply high levels in frustration (supporting hypothesis
3). Surprisingly, in investigating research-related frustration,
social relatedness to the scientific community seems not to
be relevant (contradicting hypothesis 3c). This means, that
researchers who perceive themselves as being supported in their
needs of competence and autonomy and being integrated in
the scientific community experience more enjoyment during
their research-related activities than researchers without this
support. In addition, life scientists who perceive themselves
as being supported in feeling competent and autonomous
experience less frustration compared to researchers without
this support. In sum, perception of supportive environments
in life science academia are associated with more experienced
positive emotions and less experienced negative emotions while
the role of specific needs differs for each emotion. Since we
needed to exclude both results on anger and boredom because
the scales did not differentiate these emotional experiences
during research accurately enough, hypotheses 2 and 4 cannot
be further investigated.

the whether
researchers in different academic positions in the life

Regarding second research question
sciences differ in their experienced achievement emotions,
the academic position held by the life science researchers
is significantly associated to emotional experiences during
PIs with

more enjoyment (supporting hypothesis 5) than research

research. leading responsibilities experience
assistants without leading responsibilities. Meanwhile, there
are no significant differences in experienced frustration
the

hypothesis 7). This means, higher academic positions in

depending on academic position (contradicting

the life sciences come with a more favorable emotional
experience pattern. Again, hypotheses 6 and 8 cannot be
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further investigated because we needed to exclude anger and
boredom from analyzes.

Career steps toward more leadership responsibility, thus,
are not only the next necessary career steps in competitive
academia (Kwiek and Antonowicz, 2015), but also seem to come
with a more positive emotional experience of research in the
life sciences. Additionally, perception of supportive contexts in
academia seem to be beneficial for satisfying basic psychological
needs and, thus, for favorable emotional patterns, which
previous research has shown to promote well-being, motivation,
and achievement (e.g., Deci and Ryan, 2000; Pekrun, 2006;
Shao et al., 2020; Forsblom et al, 2021). These previous
studies in other contexts, already provided empirical evidence
for the impacts of emotions on well-being, achievement and
motivation (e.g., Deci and Ryan, 2000; Pekrun, 2006; Shao et al.,
2020; Forsblom et al., 2021), thus, further positive effects of
emotions can be assumed in this academic context as well.
Nevertheless, further research on the effects of emotions in
post-doctoral research is needed. With academic achievements
further scientific progress can be promoted. Consequently, our
results give a hint that it may be worthwhile to explicitly foster
supportive academic environments and promote advancement
opportunities in life science academic careers, first of all to foster
pleasant emotional research experiences, and in the end also
better research achievements. The findings of this study lead to
some further theoretical and practical implications outlined in
the following sections.

Theoretical implications

The results of our study on the role of perceived support
of competence and autonomy as well as social relatedness
to the scientific community in emotional experiences during
life science research in Germany support general assumptions
of SDT (Deci and Ryan, 2012). Beyond the national and
field-specific context, our results give a hint for other
contexts since our results are in line with SDT assuming
universal validity of basic needs (Vansteenkiste et al., 2020).
Furthermore, our findings in German life sciences coincide
with previous empirical studies on the effect of basic needs
on emotional experiences showing significant positive relations
between satisfied needs for competence, autonomy, and social
relatedness and positive emotions and a negative effect of
competence satisfaction on negative emotions (Sheldon et al,,
1996; Reis et al., 2000). However, these previous studies did not
differentiate between specific emotions. Findings of our study
provide a more differentiated perspective on the relationship
between basic needs and specific positive (enjoyment) and
negative emotions (frustration) explained in the following
sections for each basic need.

Positive effects of perceived supporting the need for
competence on the positive emotion enjoyment as well as

Frontiers in Education

11

10.3389/feduc.2022.868752

negative effects on the negative emotion frustration in German
life science post-doctoral research are in line with previous
findings of SDT (e.g., Sheldon et al., 1996; Reis et al., 2000).
However, our results on specific positive (enjoyment) and
negative emotions (frustration) extend insights of previous
studies (e.g., Sheldon et al., 1996; Reis et al., 2000). Furthermore,
our results give a hint on the negative role of perceived
competence support in frustration experiences in life science
research beyond effects on joy and boredom in school contexts
(Flunger et al, 2013). Our results suggest that supporting
competence in life science academic research can be beneficial
for enjoying research activities and lessen frustrative research
experiences. In sum, we assume that supporting the need for
competence seems to be highly important for promoting a
favorable emotional pattern during research in the life sciences.

In line with assumptions of SDT on the effect of basic
needs on emotions (Deci and Ryan, 2012), we found a
positive relationship between social relatedness to the scientific
community and enjoyment in German life science research.
These findings contradict previous findings suggesting no
significant effect of relatedness on achievement emotions
of joy and boredom (Flunger et al, 2013). The contrast
between findings of Flunger et al. (2013) and our findings
are probably based on differences between the samples:
Flunger et al. (2013) investigated students (8th and 9th grade)
whereas we look at doctoral graduates. Particularly, doing
research is highly associated with meaningful collaborative
work (Glaser, 2012; Kyvik, 2013), thus, it can be assumed
that social relatedness is relevant for explaining emotional
experiences in research settings. Surprisingly, we found no
significant relationship with frustration when being embedded
in a network with other researchers. Social relatedness to
scientific communities is a rather important factor in scientific
research (e.g., in collaborative research) (Gliser, 2012; Kyvik,
2013). Especially in the life sciences, collaborative research
is highly relevant (e.g., biologists and physicians researching
together for developing new vaccines). However, working
in collaborative research teams could probably also exhaust
researchers because some collaboration partners are hard
to work with, e.g., when they do not complete tasks in
the expected quality or time. Consequently, our missing
relationship between social relatedness and frustration in
life science research is surprising. Nevertheless, this field-
specific finding gives a hint for other contexts based on the
assumed universality of the investigated variables (Pekrun,
2019; Vansteenkiste et al., 2020). Different types of emotion
regulation could lead to the missing relationship between
social relatedness to scientific communities and frustration
because some scientists may reduce their frustration through
communication about frustrating events with members of their
scientific communities while other scientists may not use their
communities for reducing research-related frustration. Further
qualitative studies on emotion regulation during research could
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investigate these links in more detail. Implications based on our
results on the relationship between basic needs and achievement
emotions in the context of academic research are limited
because theory on achievement emotions was developed for
earlier academic contexts (school, bachelor and master studies)
(Pekrun, 2006; Pekrun and Stephens, 2010) linked to learning
communities. In academic research, scientific communities
as communities of practice (Kienle and Wessner, 2005) are
relevant groups. This slightly different context, may be a
reason for the missing effect on frustration and the difficulties
in gauging some achievement emotions in this research
context (especially anger and boredom). Further research on
achievement emotions in the specific context of academic
research is needed. Furthermore, it should be considered that
scientific communities as communities of practice (Kienle
and Wessner, 2005) in other countries and contexts may be
defined by different structures and conditions of research. Thus,
further research in other countries and other contexts could
be beneficial for comparing our results based on a German
life science sample.

Perceived support of the need for autonomy is associated
to every respective achievement emotion in the expected way:
Perceived autonomy support fosters enjoyment and reduces
frustration in German life scientists. This finding supports
assumptions derived from both SDT (Deci and Ryan, 2012)
and research on achievement emotions (Pekrun, 2006). The
effect of perceived autonomy support on the two achievement
emotions extends previous findings on the positive relation
between autonomy satisfaction and positive emotions in general
(Sheldon et al.,, 1996; Reis et al., 2000) and extends empirical
evidence for the effect of autonomy satisfaction on joy and
boredom in particular (Flunger et al., 2013), adding new insights
for a negative effect on frustration. In sum, perceived autonomy
support seems to be a crucial factor in emotional experiences,
which can be explained by the match between the definition
of the need for autonomy [autonomous activities coinciding
with own wishes and values (Vansteenkiste et al., 2020)] and the
leitmotif of independent scientific research (Henkel, 2005).

In sum, separately investigating specific emotions indicates
a complex relationship pattern between basic needs and
emotional experiences in life science academia. Results of this
study give a hint on the potentially adequacy of investigating
achievement emotions in late stages of higher education,
looking at post-doctoral research in academia. Furthermore,
our results support benefits of a more detailed investigation
on the impact of basic needs on specific emotions in SDT-
research as previous research already hinted (e.g., Flunger
et al, 2013). This leads to potentially further scopes of
application for SDT and achievement emotions. In other
contexts, like school and undergraduate education where both
SDT and achievement emotions were already applied separately
(e.g., Pekrun, 2006; Pekrun and Stephens, 2010; Goodman
et al.,, 2021; Jeno et al., 2021; McLennan et al., 2021) combined
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investigations of basic needs support and achievement emotions
could be beneficial.

Results of our study on the positive association of
the academic position to experienced enjoyment during life
science research suggests that leading responsibilities are
associated with more favorable emotional patterns when doing
research. The significant effect of the academic position
supports previous assumptions that academic activities differ
between PIs and research assistants (Hohle and Teichler,
2016). Beyond previous findings on varying acceptance of
emotion expressions (Tiedens et al, 2000; Sloan, 2004),
different predictors of emotions (Fitness, 2000), and the
impact of characteristics in employment on positive affective
experiences (Saavedra and Kwun, 2000) depending on the
status within organizations, we found evidence for a positive
relationship between leading positions in German universities
and specific research-related achievement emotions. The
more positive emotional experience of research for PIs
could be based on the characteristics of their employment:
most PIs conduct independent scientific research holding
a permanent position or having a permanent position in
prospect (Hohle and Teichler, 2016). A secure employment
and the opportunity in doing independent research may
facilitate a more positive emotional experience of research
in German life sciences. Since academic positions prior to
PIs in academia are internationally often associated with
more insecurity in employment (e.g., Teichler et al, 2013),
our national results give a hint for the emotional state
in other countries as well. Besides our findings on the
association of a supportive environment on positive emotional
experiences, these findings give a hint that scientific progress
of academic achievement can also be fostered by secure
employments and the possibility to research independently
via emotional experiences (e.g., Pekrun, 2006; Shao et al,
2020; Forsblom et al,, 2021). Here, it should be considered,
that there might be other structural and individual factors
influencing positive emotional experiences during research
(e.g., pleasant working atmosphere, good work-life-balance,
general job satisfaction). However, the academic position did
not affect perceived levels of frustration during research.
Both, leading researchers and research assistants are frustrated
during their research activities in comparable ways. Beyond
this first hint on similar levels of frustration for PIs and
research assistants in German life sciences, further research
on specific reasons for frustration could shed a more detailed
light on experienced frustration in the different academic
positions based on varying position characteristics (e.g., Hohle
and Teichler, 2016). Beyond our results another hypothesis
explaining our findings could be raised. Further research
could investigate if scientists with more perceived enjoyment
regarding research are more likely to pursue an academic
career and, thus, are more likely to be found in leading
academic positions.
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Practical implications

Besides theoretical implications, findings of this study
on German life scientists give a hint for further practical
implications maybe beneficial to foster positive emotional
experiences, to reduce negative emotional experiences during
research and, thus, to engage achievement, well-being, and
mental health in general academia (Pekrun, 2006; Tran
et al, 2021) based on the assumed universality of the
investigated variables (Pekrun, 2019; Vansteenkiste et al.,
2020). Our results suggest that mainly perceived support of
autonomy through the academic environment is associated with
higher levels of enjoyment and lower levels of frustration.
Consequently, based on the evidence for the opportunity to
foster positive achievement emotions (Hoflle et al, 2019)
support of autonomy should be extended. Colleagues and
supervisors could integrate researchers without leadership
positions in decision-making processes and give scope to
action regarding research (developing research questions,
determining research designs, evaluating data) and research
funding (raising external funds) to foster self-determined
research. However, most PIs have already freedom of choices
on research-related activities (Hohle and Teichler, 2016), thus,
academic environment should primarily support autonomy
in research assistants. However, PIs can be supported in
their experienced autonomy as well through less restrictive
demands of external funders and university administration.
The whole group of researchers could benefit from being
supported in their autonomy in open science. Researching
in open science means that scientific communities share and
develop transparent and accessible knowledge in collaborations
(Vicente-Saez and Martinez-Fuentes, 2018). After replication
crisis in psychological research researching in the framework
of open science (Brachem et al., 2022) enables researchers to
conduct research increasingly self-determined and autonomous
because it initially reduced restrictive attitudes of scientific
communities against non-significant research results.

Furthermore, perceived support of competence through the
academic environment is linked to higher levels of enjoyment
and lower levels of frustration. Consequently, promoting
competence support, researchers should develop constructive
way to handle errors. Since a culture of learning from errors
is useful in educational contexts (Meyer et al., 2006; Spychiger
et al, 2006) as well as in organizations (Schiittelkopf and
Vogl, 2015), it may especially be important in scientific
research. In addition, colleagues and supervisors should be
encouraged to give feedback on research because feedback
in other educational contexts is highly relevant (Wisniewski
et al, 2020). In academia, colleagues and supervisors could
give feedback with a focus on further career development
opportunities for the respective other researcher. Previous
research suggests that feedback is relevant for further career

Frontiers in Education

13

10.3389/feduc.2022.868752

development in organizations (van der Rijt et al, 2012).
Another possibility would be to increase the recognition of
research achievements in research teams, e.g., by presenting
published, non-published and even non-significant research
results within the team. Non-published and non-significant
research is interesting and an achievement of employees that
should be recognized especially in research fields of the life
sciences (Buhl-Mortensen and Wellin, 1998). Researching in
open science sharing research designs, results, methods, among
others (Watson, 2015; Vicente-Saez and Martinez-Fuentes,
2018) is one way supporting the competence of the academic
staff. Both, PIs and research assistants could benefit from
support of their need for competence because learning is a
lifelong process (Fischer, 2000; Field, 2010).

Lastly, social relatedness to the scientific community is
associated with higher levels of enjoyment. Consequently,
academia should foster opportunities to develop relationships
with other scientists with similar research interests, e.g., through
fostering conference visits, research cooperation, and resulting
cooperative research publications (Ebner and Reinhardt, 2009;
Dimitrious et al., 2014; Jarvis et al., 2020). Especially during
the COVID-19 pandemic, the relevance of physical presence at
scientific conferences got apparent because many conferences
were canceled or replaced by digital forms (Consortium for the
National Report on Junior Scholars [BuWiN], 2021). However,
imitating in-person events through digital tools is hardly
possible and digitalization of conferences hampers informal
personal communication, inspiration, and building long lasting
networks (Jarvis et al., 2020). Researchers in every academic
stage benefit from being embedded in a sufficient group of
scientists because networking and collaboration are central
aspects of academic activities (Kyvik, 2013; Sarabipour et al.,
2020). Previous research provided evidence that scientists
in all career stages benefit from personal communications
during scientific conferences for further scientific collaborations
(Eberle et al., 2021).

Beyond effects of the social environment in academia,
leading academic positions (PI) are positively associated with
higher levels of enjoyment. However, they are not associated
with levels of frustration. Consequently, academia could
further implement more permanent positions and positions
with a permanent position in prospect to foster motivational
and successful research (Pekrun, 2019). Higher numbers of
permanent positions are still needed as is often criticized on
national levels, e.g., in Germany where our study participants
were located (Krempkow et al., 2014; Consortium for the
National Report on Junior Scholars [BuWiN], 2021). Some
projects for implementing further permanent positions have
already started. In Germany, one approach for fostering
more secure academic positions is establishing tenure-track-
professorship positions (Consortium for the National Report
on Junior Scholars [BuWiN], 2021). However, this project is
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still ongoing (Joint Science Conference [GWK], 2016). Based
on our results, further projects could be initiated to create
more secure working conditions for independent research
below permanent professorship positions to foster positive
emotions during research. There are already demands for
strengthening academic mid-level faculty (e.g., Jaksztat et al,
2010; Holderberg, 2020) that could be further developed to
facilitate positive emotional patterns during research and,
consequently, academic achievements and scientific progress.
However, it should be considered, that there could be another
hypothesis explaining our findings: scientists with a positive
emotional pattern with high levels of enjoyment could be
more likely to stay in academia. This leads to further
research demands on longitudinal investigations explained in
the following section.

However, reducing negative emotional experiences does
not imply that negative achievement emotions should entirely
disappear (e.g., anger as physiologically activating emotion
could lead to new strategies of action). Nevertheless, levels of
frustration should be reduced because this negative activity-
related achievement emotion is deactivating and does not
activate new cognitive processes. Whereas, high levels of
enjoyment should be fostered. As a positive activity-related
achievement emotion, enjoyment is physiologically activating
and could lead to better focusing on tasks, to inducing interest
and intrinsic motivation, and to the flexible usage of strategies
of action (Pekrun, 2019).

Limitations and future research

Some limitations of our study need to be taken into account.
First, changing academic activities and obligations regarding
the academic positions held by the participants complicate
measuring the perceived support of the basic psychological
needs of competence and autonomy and measuring social
relatedness as well as the achievement emotions (enjoyment,
anger, frustration, and boredom). Nevertheless, we gauged
perceived support of competence, autonomy, and social
relatedness to the scientific community as well as the
achievement emotions on a broader level. We are confident
that the used scales apply to both academic positions of PIs
and research assistants supported by satisfying scale reliability
(see Table 1). However, gauging the affective variables using
scales on a broader level could also be unfavorable because
these scales might not capture reality in research in sufficient
detail. This leads to further research on the association of
basic needs supportive environments on achievement emotions
during research. Second, the used scales were newly developed
by the authors and not yet validated. Nevertheless, objectivity,
satisfactory reliability and separability of the scales on the
basic needs are met. Regarding the scales on research-
related achievement emotions, we needed to exclude the
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scales on anger and boredom from further analyzes based on
missing variance. However, objectivity, satisfactory reliability
and separability of the remaining scales on enjoyment and
frustration in factor analyses are met. Further research on
the used scales comparing our results with already existing
scales on basic needs support during the doctorate (van
der Linden et al, 2018) and on achievement emotions
in university students (AEQ, Pekrun et al, 2005, 2011)
is necessary. Furthermore, scales on research-related anger
and boredom should be refined and tested for the special
context of post-doctoral research. Here, sufficient gauging
low levels of boredom and anger during research should
be considered in further research (e.g., anger in specific
research-related situations could be examined considering, e.g.,
anger during review processes based on incomprehensible
criticisms of a manuscript). Third, our results are based on
a German sample of graduated life scientists. However, we
are confident that our findings apply to an international
context and are relevant beyond the field of life sciences
because we gauged the investigated variables of basic needs
and achievement emotions on a broader level and both
basic needs and achievement emotions are assumed to be
universal (Pekrun, 2019; Vansteenkiste et al., 2020). This
leads to a need for further research on the prediction of
achievement emotions using basic psychological needs in other
countries and research fields to compare our results. Lastly,
our results are based on a cross-sectional correlational study
of self-reports. Thus, assumptions about directionality and
causality are limited. We derived directionality from theoretical
assumptions. Furthermore, deriving practical implications is
limited. This leads to a further need for research on longitudinal
and interventional research designs on predicting and fostering
achievement emotions in academia. Additionally, it could be
useful for further research to integrate the individual perspective
of scientists in qualitative studies.

Conclusion

Perceived supporting basic psychological needs for
competence and autonomy as well as social relatedness during
research in academia is associated with higher levels of positive
activity-related achievement emotions of enjoyment and
lower levels of the negative achievement emotion frustration.
Surprisingly, social relatedness to the scientific community
is not associated to frustration. Nevertheless, promoting
researchers in feeling autonomous, competent, and socially
related to other scientists is associated to a more favorable
emotional pattern during research. Furthermore, leading
academic positions are connected to more positive emotional
experiences, which may explain researchers’ well-being, mental
health, academic achievement and scientific progress (e.g.,

Pekrun, 2006; Forsblom et al., 2021; Tran et al., 2021).
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APPENDIX

Overview about the different scales

Table A1 gives an overview about the seven different scales on variables investigated in this study: Perceived competence and

autonomy support, social relatedness to the scientific community, and the research-related achievement emotions enjoyment, anger,

frustration, and boredom.

TABLE A1 Overview about the seven different scales of the present study.

Scale Number of items Cronbach’s o Example item Theoretical basis
1. Perceived competence support 4 0.85 I'm always given the impression that I am making progress. ~ Deci and Ryan, 2000,
2002, 2012

2. Perceived autonomy support 8 0.86 1 can always divide up my tasks on my own.

3. Social relatedness to the scientific community 6 0.92 I feel like a member of my scientific community.

4. Enjoyment 3 0.83 I'm working in academia with enthusiasm. Pekrun, 2006; Pekrun
et al., 2005, 2011

5. Anger 3 0.76 T'm angry while doing scientific work.

6. Frustration 2 0.61 While researching I'm frustrated.

7. Boredom 3 0.73 When researching I'm without energy.
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